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[bookmark: _Toc318901068]Executive summary
Purpose of the report
This report considers the current and future spectrum demand by the various applications in the Services Ancillary to Programme making and Services Ancillary to Broadcasting (SAP/SAB). This also includes the video links, traditionally referred to as ENG/OB and now is often abbreviated to PMSE
When reviewing radio microphones and audio links, it should be bore in mind that the objective of the wireless path of these devices is to replace the high quality quality (interference free) cable conforming to AES42. This is becoming a critical issue, when using HD techniques throughout SAP/SAB. 
[NOTE: reword this sentence] Since the publication of the first version of this report in 2002 significant changes have taken place in frequency allocation which when implemented from 2011 onwards will be of great detriment to SAB/SAP . The first of these changes is as a result of ECC and EC  decisions( ECC Decision (DEC (09)03) and EC non-binding decision(2010/267/EU))  which changes the  primary use of the 790-862 MHz band to Mobile/Fixed Communication Network(MFCN), technical details can be found in CEPT Report 30. WRC-12 has extended in principle the mobile allocation down to 694MHz. This is creating a significant uncertainty for the future overall use of the UHF band. This issue is further discussed in section 5.1
Focusing on MFCN there are fourthree  issues for SAB/SAP
1. Loss of part of the 790-862 MHz band for radio microphones , in ear monitors and in some cases talkback channels
2. Out of band emission’s from the MFCN base and terminal units below 790 which [will] impact some 40 MHz of additional spectrum
3. Out of band and blocking issues from both base and terminal units into the Short range device band 862-870MHz. Radio microphones use the 862-865 MH z band throughout Europe and whilst an unlicensed band it has been used as an “overflow” especially for in ear monitors
4. Implications of the WRC-12 decisions

A number of reports have identified these issues primarily the CENELEC ETS joint working group on Digital Dividend interference issues and OFCOM UK, these reports can be found at:
http://docbox.etsi.org/Etsi_Cenelec/PUBLIC%20FOLDER%20on%20DD/
The Second change is that of “White Space Devices”(WSD) which are currently under investigation (June 2011) in CEPT. 
WSD will be allowed to transmit in the white spaces or unused television channels, the current preferred method of preventing interference to domestic television receivers is a downloaded geographical data base, unfortunately this will not protect the majority of SAB/SAP equipment when used for outside broadcast 
The next wave of changes is under consideration and consists of compacting the digital TV channels after analogue switch off to below 600MHz and the auction of spectrum in the 600 MHz band
From these chanes the use of the band 470-865MHz will largely be denied to SAP/SAB except in some fixed sites 
[note] 1.8GHz / 2.4GHz and 2.6GHz issue related to reallocations  needs to be addressed
NOTE: mention here, detailed discussion in chapter 5.1
Other changes which have taken place is the reduction in major or national broadcasters making “in house”productions, they now buy in or commission the majority of content from the independent sector. Also the spectrum allocations for SAB/SAP are now pooled in many countries resulting in an overall reduction of the spectrum available. The report then reviews the frequency bands currently identified for SAP/SAB applications and considers the suitability of these frequency bands to satisfy the identified demand. It also considers the other measures that might be necessary to improve pan-European harmonisation in SAP/SAB use of these bands.
The overall purpose of the report is the provision of factual basis for ultimate revision and extension of the ERC/REC 25-10[8], which would describe the frequency bands for various SAP/SAB applications and conditions of their use.
The report does not specifically address the SAP/SAB service links, such as Talk-back, remote control of audio/video sets, etc. Itshould be noted that SAB/SAP activities have sometimes unexpected advantages’ to the European economy for example the Eurovision Song Contest is the second largest live broadcast event in the world with a tremendous turnover for IMT on SMS services as a consequence estimated about mln€200 within a timeslot of 1,5 hour.
Content of the report
Section 1 of the report describes the definitions and principal applications of PMSE including SAP/SAB and ENG/OB.
Section 2 analyses current and future demand by different sectors of PMSE activities, such as theatres, studios, news gathering, sports, etc. This is then summarised in section 3 into overall picture of SAP/SAB spectrum demand.
Section 4 discusses the likely impact of digital technologies on PMSE developments and resulting changes in spectrum demand or usage conditions (different channel bandwidths, proximity of channels, etc.).
Section 5 provides the detailed inventory of frequency bands identified for PMSE applications and suggests some further actions to ensure continued operations of these applications.
Section 6 contains a discussion on the licensing of PMSE and the regulatory regime 
Section 7 discusses the economic impact of the use PMSE applications
Section 8 contains a summary of the potential future perspective for PMSE 
Section 9 contains overall conclusions, which are also reproduced below in this executive summary.
Annexes of this report contain detailed information on frequency bands used for video SAP/SAB links in different European countries (Annex 1) and summary of responses of CEPT Administrations to the questionnaire on introduction of radio microphones in the band 1785-1800 MHz (Annex 2).
[NOTE:list of annexes needs to be updated ]
Overall conclusions of the report
Amongst the many findings of this report, the following appear to be the most significant overall conclusions:
1. It is suggested that CEPT adopts a unified and logically inter-linked set of definitions of various applications and technologies in the SAP/SAB area, as described in Fig. 3 of section 1 of the report;
2. It is shown that while the actual demand for SAP/SAB spectrum varies significantly between different countries, different programme makers and different events, the overall trend is that of steady increase of SAP/SAB demand in most of the sectors. Administrations are invited to base their forecasts of the near/long-term demand for different SAP/SAB applications on the information provided in Tables 4 and 5, section 3 of the report;
3. At the time of writing the original report, the actual impact of digital technologies on the future of SAP/SAB was not entirely clear, as digital SAP/SAB equipment was only about to be tested or in the conception phase. Even the potential benefits of digital technologies were not yet fully apparent to the industry, in particular for radio microphone applications; Unfortunately the perceived advantages have not yet been realised and  are unlikely to be available in the next five years
4. [note] reference to section dealing with digital technologies
5. However, based on the theoretical simulations and some of early tests, the original report shows that the introduction of digital technologies could mean higher spectral efficiency of SAP/SAB equipment. This might be achievable through the reduction of channel bandwidth for video links and easing of intermodulation constraints (hence more dense co-location) for radio microphones. Unfortunately the perceived spectrum and intermodulation  benefits of digital have not been achieved and are unlikely to be achieved in the near or medium future. For details refer to section 4;
6. Overall consideration of frequency bands for SAP/SAB applications has proved that SAP/SAB use is highly divergent and irregular across various CEPT countries. Because of this, only limited harmonisation may be achievable. Recognising the impracticality of exclusive allocations the concept of tuning ranges should be pursued as the main means of harmonising SAP/SAB spectrum use;
7. In reviewing frequency bands for video SAP/SAB links, the preferred sub-bands were identified where possible. These (if available in particular country) should be used as a first choice option in assigning frequencies for SAP/SAB, in particular for occasional/temporary use;
8. [note: revise / check and align with DG output on spectrum requirements]The potential interest in identifying the frequency band 2700-2900 MHz for one type of SAP/SAB applications – digital cordless cameras with 0 dBW output power was confirmed. This would significantly ease the pressure on the SAP/SAB bands below 2500 MHz, which could then be better exploited for high mobility SAP/SAB applications. However conditions for use of the band 2700-2900 MHz by cordless cameras, if proved possible at all, are to be established by the FM PT 31, taking account in particular of the outcome of relevant SE PT 34 studies;
9. [revise / reword reflect actual situation in this frequency range ] Consideration of frequency bands for audio SAP/SAB applications, notably radio microphones, showed that the main interest of SAP/SAB industry is currently concentrating on the band 470-862 MHz, which should remain a vital tuning range of SAP/SAB operations for the foreseeable future. Therefore some solutions should be further considered for ensuring continued co-existence of SAP/SAB with primary broadcasting services in the band, in particular during and after their conversion to DVB-T. and the introduction of White Space Devices.
[note]: some remark needed here?? Implication of DVB-T / exploitation of DD introduction of MFCN.
One of such already exploitable solutions is extension of switching range of radiomicrophones beyond that of currently marketed equipment (3-6 UHF TV channels);
10. Given the information outlined in the Executive summary the continued use of the 470-865 MHz band will become increasingly impossible as the new services are introduced, urgent efforts should be made to identify suitable replacement spectrum if the program making ability of Europe is to be retained   Alternative bands are needed to compensate the loss of available spectrum due to the digital dividend at the digital switchover. A contribution to this would be the expansion of the band 1785-1800 MHz in which would help replace spectrum lost in470-862MHz, in particular as a long term solution for truly pan-European operations (touring shows, etc.). This would help to relieve the pressure for SAP/SAB use in the band 470-862 MHz;
11. The model application form for SAP/SAB licence applications should be promoted. The existing CEPT proposal for such a form in Annex 4 of the ERC/REC 25-10[8] should be used as the basis, but updated during the revision of ERC/REC 25-10[8] so that it contains more information and is better suited for electronic submissions and administrative handling.
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[bookmark: _Toc318901069]SAP/SAB, ENG/OB and PMSE APPLICATIONS
[bookmark: _Toc318901070]Definition of PMSE including SAP/SAB, ENG/OB and SNG
The term Programme Making[footnoteRef:2] and Special Events[footnoteRef:3] applications (PMSE) describes radio applications used for SAP/SAB, ENG/OB and applications used in meetings, conferences, cultural and education activities, trade fairs, local entertainment, sport, religious and other public or private events for perceived real-time presentation of audio-visual information.  [2: Programme Making includes the making of a programme for broadcast, the making of a film, presentation, advertisement or audio or video recordings, and the staging or performance of an entertainment, sporting or other public event.]  [3:  A Special Eventis an occurrence of limited duration, typically between one day and a few weeks, which take place on specifically defined locations. Examples include large cultural, sport, entertainment, religious and other festivals, conferences and trade fairs. In the entertainment industry, theatrical productions may run for considerably longer.] 

The definitions of SAP/SAB and ENG/OB are set out as follows:
SAP:	Services Ancillary to Programme making (SAP) support the activities carried out in the making of “programmes”, such as film making, advertisements, corporate videos, concerts, theatre and similar activities not initially meant for broadcasting to general public.
SAB:	Services Ancillary to Broadcasting (SAB) support the activities of broadcasting industry carried out in the production of their programme material.
The definitions of SAP and SAB are not necessarily mutually exclusive. Therefore they are often used together as “SAP/SAB” to refer generally to the whole variety of services to transmit sound and video material over the radio links.
ENG:	Electronic News Gathering (ENG) is the collection of video and/or sound material by means of small, often hand-held wireless cameras and/or microphones with radio links to the news room and/or to the portable tape or other recorders.
OB:	Outside broadcasting (OB) is the temporary provision of programme making facilities at the location of on-going news, sport or other events, lasting from a few hours to several weeks. Mobile and/or portable radio links are required for wireless cameras or microphones at the OB location. Additionally, radio links may be required for temporary point to point connections between the OB vehicle, additional locations around it, and the studio.
The definitions of ENG and OB are not mutually exclusive and certain operations could equally well reside in either or both categories. Therefore, it has been a long practice within the CEPT to consider all types of such operations under the combined term “ENG/OB”. It is also understood that ENG/OB refers to terrestrial radio communication services, as opposed to SNG/OB term, which refers to similar applications but over the satellite radio communication channels.
The SAP/SAB applications include both ENG/OB and SNG/OB applications, but also the communication links that may be used in the production of programmes, such as talk-back or personal monitoring of sound-track, telecommand, telecontrol and similar applications.
Quality requirements of PMSE applications can vary depending on the task in hand. The bandwidth of the signal to be transmitted i.e. audio or video has a direct impact on the spectral bandwidth required.
The perceived quality of the signals is going to be dependent on their potential final use. The uses can vary from SNG links into a news programme through to a high quality HD TV production.
The reliability of service again can vary according to the task in hand. Typically within the events for large numbers of people and for broadcast applications there is frequently a need for a high degree of protection for the signals. This required protection inherently puts constraints on the amount of spectrum required to guarantee this quality of service.
[ed note: this is the old set of definitions: proposal to delete]
Within the CEPT, definitions for ENG and OB were agreed some time ago and are set out in the ERC Report 38. However, originally they referred only to video reporting services. Later it became obvious that ENG/OB definitions should also accommodate the sound reporting applications. Therefore the ERC Report 42 proposed additional amendments to those definitions. Trying to combine all those various references into an overall picture, the following definition of ENG/OB may be proposed:
ENG:	Electronic News Gathering (ENG) is the collection of video and/or sound material without the use of film or tape recorder, using small, often hand-held, electronic cameras and/or microphones with radio links to the news room and/or to the portable tape or other recorders.
OB: 	Outside broadcasting (OB) is the temporary provision of programme making facilities at the location of on-going news, sport or other events, lasting from a few hours to several weeks. Outside Broadcasts are generally planned in advance, but it is often necessary to accommodate short notice changes of venue or unforeseen requirements. Video and/or sound reporting radio links (channels) might be required for mobile links, portable links and cordless cameras or microphones at the OB location. Additionally, video and/or sound reporting radio links may be required as part of a temporary point to point connection between the OB vehicle and the studio.
It can be seen that the definitions of ENG and OB are not mutually exclusive. Certain operations could equally well reside in either or both categories. Therefore, to avoid confusion, it has been a long practice within the CEPT to consider all types of such operations under the combined term “ENG/OB”. It is also understood that ENG/OB refers to terrestrial radiocommunication services, as opposed to SNG/OB term, which refers to similar applications but over the satellite radiocommunication channels.
For better understanding of differences between ENG and OB, below Figures. 1 and 2 show typical operational set-ups for those two scenarios of broadcasting activities.


Typical set-up of ENG operations


Typical set-up of OB operations

The definitions of SAP/SAB are set out as follows:
SAP:	Services Ancillary to Programme making (SAP) support the activities carried out in the making of “programmes”, such as film making, advertisements, corporate videos, concerts, theatre and similar activities not initially meant for broadcasting to general public.
SAB: 	Services Ancillary to Broadcasting (SAB) support the activities of broadcast service companies carried out in the production of their programme material[note: should be definition only !. In many countries this  distinction no longer exists and SAB/SAP spectrum has been pooled with a consequent reduction in overall spectrum availability 
PMSE: programme making and special events 
Services Ancillary to Broadcasting (SAB) were originally just those required by public broadcasting companies in the preparation of programme material, while Services Ancillary to Programme making (SAP) covered programme making by independent companies along with the commercials, theatre shows, concerts and sporting events. While there are some differences in the nature of these two businesses, their spectrum requirements are almost identical.
Similarly to ENG/OB, it may be seen that the definitions of SAP and SAB are not necessarily mutually exclusive. Therefore they are also often used together as “SAP/SAB” to refer generally to the whole variety of services to transmit sound and video material over the radio links.
However, it is important to note that in such broad understanding, the SAP/SAB services include both ENG/OB and SNG/OB applications, but also the service links that may be used in the production of programmes, such as talk-back or personal monitoring of sound-track, telecommand, telecontrol and similar applications. Assuming all of the above definitions and comments, the following part of the section gives detailed presentation of different applications possible within the above categories and links between them.]
[bookmark: _Toc318901071]Overall picture of the PMSE world of applications
As mentioned before, the SAP/SAB definitions imply more business-oriented classification of programme making facilities. The technical view then adds another dimension to that picture because many SAP and SAB users use the same technology for their applications. Therefore, the following picture in Fig. 3 describes this two-layered structure of the whole world of PMSE including SAP and SAB, including ENG/OB applications.
The following definitions are assumed in describing the technology layer of various PMSE SAP/SAB applications:

	Radio microphone
	Handheld or body worn microphone with integrated or body worn transmitter.

	In-ear monitor
	Body-worn miniature receiver with earpieces for personal monitoring of single or dual channel sound track.

	Audio link
	Wide band audio links, are communications systems for high quality reproduction of the audio input and/or related data or control signals. The equipment operates on a continuous carrier basis and will often be in operation for many hours. A wide band audio link system will at least consist of one transmitter and the corresponding receiver. The number depends on the application, e.g. live news contributions from a widespread area of an actual event may make it necessary to use several systems on separate simultaneous frequencies

	Portable audio link
	Body worn transmitter used with one or more microphones, with a longer operating range capabilities than that of radio microphones.

	Mobile audio link
	Audio transmission system employing radio transmitter mounted in/on motorcycles, pedal cycles, cars, racing cars, boats, etc. One or both link terminals may be used while moving.

	Temporary point-to-point audio link
	Temporary link between two points (e.g. part of a link between an OB site and a studio), used for carrying broadcast quality audio or for carrying service (voice) signals. Link terminals are mounted on tripods, temporary platforms, purpose built vehicles or hydraulic hoists. Two-way links are often required.

	Cordless camera
	Handheld or otherwise mounted camera with integrated transmitter, power pack and antenna for carrying broadcast-quality video together with sound signals over short-ranges.

	Portable video link
	Handheld camera with separate body-worn transmitter, power pack and antenna.

	Mobile airborne video link
	Video transmission system employing radio transmitter mounted on helicopters or other airships.

	Mobile vehicular video link
	Video transmission system employing radio transmitter mounted in/on motorcycles, pedal cycles, cars, racing cars or boats. One or both link terminals may be used while moving.

	Temporary point-to-point video links
	Temporary link between two points (e.g. part of a link between an OB site and a studio), used for carrying broadcast quality video/audio signals. Link terminals are mounted on tripods, temporary platforms, purpose built vehicles or hydraulic hoists. Two-way links are often required.

	Talk-back
	[bookmark: _GoBack]For communicating the instructions of the director instantly to all those concerned in making the programme; these include presenters, interviewers, cameramen, sound operators, lighting operators and engineers. A number of talk-back channels may be in simultaneous use to cover those different activities. Talk-back usually employs constant transmission.

	Telecommand/remote control
	Radio links for the remote control of cameras and other programme making equipment and for signalling.
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*Note: video links often incorporate audio circuits for sound programme transmission.
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[bookmark: _Toc318901072]General requirements and operation principles for radio microphones, in ear monitor systems and audio links
[Note: Introduction PWMS , following  the text included : defines parameters / operating conditions ...]
. 
These factors are not independent from each other and cannot be treated or adjusted independently
0.1.1 [bookmark: _Toc318901073]General requirements regarding PWMS operation
PWMS systems must fulfil the  highest demands for audio quality on a consistent and repeatable basis
Even in Religious or other applications, the users are acutely aware of the performance of the system and do not accept reduction or interference in performance. The systems that are available in the market in the 300€ price range already fulfil this demand and are well perceived by the users.
The key requirements for a state of the art wireless system can be nailed down to the following values:
· >audio quality conforming to AES42 i.e. providing the same quality as an equivalent wired system.
· >low latency, depending on the latency in the complete audio chain the latency in the radio microphone has to be as low as possible (typically below 3-4ms)especially for IEM applications or lip sync is observable For some special application,  delay is possible BUT “lip-sync” transmission are required.(extra spectrum required!)
· >no interruptions, 100% audio duty cycle, even in the field of applications where systems at mid-price point are used, users do not tolerate any interruptions in audio.(any interference is harmful and can be dangerous to the audience)
· >battery life  with 1 or 2 AA cells is minimum of 8-10 h.
0.1.2 [bookmark: _Toc318901074]Factors of the present available PWMS technology
The vast majority of wireless systems deployed and available in the market are analogue.
Frequency modulation has proven to be the most suitable modulation scheme for this application 
As it serves the following requirements the best:

· >a constant envelope modulation scheme allows for long battery life time of the transmitters
· (modulation schemes with high crest factors would require non linear power amplifiers with the capability to provide high peak powers)

· >due to the evolved technology, the transmitters in the market have a very small form factor, high battery lifetime and a low weight.

· >with the demand for more wireless systems that can be deployed in a given bandwidth, the spectrum efficiency of analogue PWMS has evolved.

· The advantage of the “capture ratio” in allowing spectrum reuse even between adjacent theatres 

· FM systems “die gracefully” in the presence of interference, which is a great advantage at outside events, whereas digital systems switch off under these circumstances. 

It is not possible to compare professional radio microphones with any other mobile service, as it does not take into account the consistently high audio requirements that professional radio microphones have to serve nor the extended constant carrier use lasting for many hours. In addition a production may have up to 100 simultaneously used radio microphones. No other service is required to meet these demanding requirements
0.1.3 [bookmark: _Toc318901075]Factors that have an influence on the performance of radio microphones and IEM systems
1. Interference from other users: 
2. interference from other services that fall into the receiving frequency range of a radio microphones and IEM system
3. Adjacent channel interference: from systems or other services operating in the channel adjacent to the operating channel itself
4. Intermodulation products: intermodulation products that are generated either by PWMS systems or other services and that fall into the wanted receiving channel.
5. out of band emissions from other radio services 

Other influences
· >size of the venue, deployment density 

· >properties of the venue: screening/ antenna positioning 

· >propagation: multipath and fading
0.1.4 [bookmark: _Toc318282360][bookmark: _Toc318901076]Factors that determine the number of channels that can be deployed in a 8MHz channel
The points above show the properties of the venue will greatly influence the number of channels that can be deployed in a 8MHz channel. Therefore there is no general metric for the spectrum efficiency of a PWMS channel.
As an indication Multichannel systems that are designed for high quality applications, use a maximum number of 8-10 systems per 8MHz channel. This indicative figure is for an isolated 8MHz channel. If larger systems are needed ie greater than 10 channels greater separation of spectrum is required. 
Greatest spectrum efficiency for radio microphone use can be achieved when the radio microphone channels are separated by services of DTV. Under these circumstances radio microphone channel occupancy of 13 channels can be achieved within an 8MHz channel.
Intermodulation is a physical phenomenon and will occur when multiple transmitters of any service work simultaneously in the same physical environment. When 100% duty cycle is in use the phenomenon is an harmful interference. Services with a lower duty cycle are only affected in a minor way with this phenomenon.
	Multichannel systems that are designed for a maximum number of channels (10-15) per 8MHz will only work if all transmitters are always powered on. Through the closely packed transmitter carriers significant inter transmitter intermodulation products will be generated, that will fall directly onto the operating frequency of another transmitter. So if a specific transmitter is switched off, the intermodulation products will interfere into the related receiver in a significant way. This high risk of interference can normally not be tolerated as the intermodulation product received will produce loud peak sounds irritating to the audience, in the sound system the receiver is connected to.
[bookmark: _Toc318282361][bookmark: _Toc318901077]GENERAL REQUIREMENTS AND OPERATION PRINCIPLES FOR PMSE VIDEO
[Reinhard Kuehn to provide material for this section]
[bookmark: _Toc318282362][bookmark: _Toc318901078]GENERAL REQUIREMENTS AND OPERATION PRINCIPLES FOR TALKBACK
[NOTE: more text needs to be developed for this section]
In PMSE applications, often PMR, DMR, DECT systems are used as talkback systems. Licensing and operation follows the requirements for PMR, DMR and DECT
Also high power audio links in UHF and VHF are sometimes used as talkback systems
[bookmark: _Toc318901079]CURRENT AND FUTURE DEMAND FOR PMSE SPECTRUM
[note: material from DG dealing with spectrum requirements needs to go in this section, then finalize ]
[analyse EBU material that has already been introduced to FM45]
[note: revise / reword]The content of this section is largely based on the results of the study “The demand for programme making and special events spectrum”, made in the UK in 1999 and used here with kind permission of the Radiocommunications Agency, UK. Some demand figures for audio reporting links are based on a study conducted in France by ART in 2000.
The original report was based on information from 1999. Since that date an explosion has occurred in programme making and the ability of radio microphones to work in configurations of up to 100 channels. The migration from wired to wireless has partly filed this explosion with very few productions relying solely on wired microphones. Even conference systems which previously used exclusively wired layouts now use radio systems. In addition changes in broadcasting which include high definition and 3D now require an even higher quality from the audio source which intern requires higher bandwidth. The number of channels required for theatre has also expanded with a figure of some 60 radio microphones and 20 IEM channels  being used.
[FE: include pictures and data from TR102 546[1]]/ PAMA data to be supplied by Wolfgang B.
Since the original report changes in spectrum allocation have resulted in currently losses of some 100MHz in bands IV and V and likely losses below 790 MHz from future introduction of white space devices and auctioning off midband spectrum. To date no replacement spectrum has been identified. 
If the European requirements of 50% of production to be carried out in Europe to be met, and the programme making industry is to be supported and expanded new spectrum must urgently be sought.
Section XYZ identifies some of the economic impact of SAP/ SAB spectrum.
Conclusion
As a minimum replacement of the 100MHz which has been lost in bands V and VI with spectrum in which radio microphones can operate without interference.
[bookmark: _Toc318901080]PMSE sectors addressed
Discussion of SAP/SAB spectrum demand is divided into several sub-sections, characterising several distinctive sectors of programme making activities, along with the principles depicted at the business layer in Fig. 3. These sectors are:
[DONEnote: align with the areas given in the definition that was developed by Darko DG]
· theatres and rock and pop and touring shows;
· studio production, these can be single buildings or cover many hectars with multiple studios;
· news gathering for TV/radio/internet
· sound broadcast;
· casual (sport) events and similar outside broadcasts;
· special events (i.e. large outside broadcasts).
· Houses of worship
· Film and advert production
· Corporate Events:
· Social use, eg homes for the elderly people 
· [note: place holder: 863-865Mhz usage] Brian Copsey to provide material on this
· Conference / Political events (eg shareholder / board meetings ) G20 summit.

The scope of most sector development may vary from country to country, therefore the aggregate figures of expected SAP/SAB spectrum demand may be adjusted accordingly for each sector and each specific country. 
Some sectors have an international component such as touring shows, Electronic News Gathering and international sports and cultural events. It is evident for global renown artist tours they can use the same set of frequencies on their world tours. National elections of EU countries are being visited by international ENG teams and as an example the Dutch national elections require more than 170MHz of UHF TV-band spectrum to accommodate the broadcast production in The Hague only. UEFA championships of national teams or nowadays mostly organised by 2 countries requiring the available SAB/SAP spectrum is somehow harmonised
All of those sectors are poised to see growth in the future. The latest trends in society towards expanding consumption of (HD / 3D)TV programming and other (multimedia) entertainment will require an increasing radiocommunications infrastructure to support the additional programme making. This includes the expansion of television with digital, cable and satellite, and the future introduction of interactive TV, but also covers the Internet, which, as it goes broadband, will increasingly include sound and video programming.
In order to service these varied requirements spectrum is required. The recent changes engendered by the first Digital Dividend have severely impacted the availability of interference free spectrum. If further clearance of the 470-790 MHz band is being considered, suitable sub 1GHz replacement spectrum for the industry must be provided
It should be also noted that EU has enacted legislative requirements to produce a greater percentage of broadcast material within the community.
Other society trends that may have a significant impact on the development of different SAP/SAB sectors include changes in programming style for TV, changes in coverage style and priorities for TV sport, changes in musical theatre and other sorts of theatre, changes in production budgets and staffing levels, etc. SAP/SAB is very dynamic as producers continually seek new experiences for audiences, with consequential changes in demand for spectrum. Such requests need to be considered against the benefits to society  and needs of other services and other SAP/SAB applications.
As an example: during the Turino Winter Games 2010, the live sound of the curling event was produced using 40 channels of professional wireless microphone systems.
[image: spieler]

The following technical trends and changes were identified in the original report. We have considered these points and their impact and the italic script provides information on their impact to the industry.
· the introduction of digital video links, for both point-to-point and mobile links; 
· the introduction of digital radio microphones; 
· the introduction of narrowband technology for talkback;
· possibilities to use in programme contribution public networks, like TETRA, GSM, UMTS, etc.
[bookmark: _Toc318901081]Peak vs. aggregate demand
Note: this text was taken from CEPT Report 32.
In assessing the spectrum requirement for PMSE, it is important to consider the normal regular demand in spectrum should be distinguished from the “peak demand”. ”Peak demand” may be temporary or geographically limited.
The geographical peaks correspond to long term use within fixed sites in certain geographical areas (e.g. large urbanconglomerations) where there is always a continuous heavy demand (typically multi-equipment, multi-channel users), thus most of the available UHF spectrum is needed to satisfy this demand. Every country has these in a few locations.
The temporary peaks correspond to special events of a short term nature (big concerts, festivals etc.).When temporary events are staged at existing geographical peak locations they result in major issues requiring detailedintervention by a band manager or the administration, as you have a double overload. Then, carefully controlled reusebetween indoors and outdoors may be needed every kilometre or less.
It should be noted that peak demand most often comes from professional users (e.g. broadcasters).Annex 3 provides information on the number of links/channels for some long term peak and temporary events
Annex 4 provides examples of analysis of spectrum requirements for PMSE for regular demand. It shows that around 150 MHz are needed in order to accommodate 100 PMSE links.
Manufacturers indicated that a yearly average increase of about 5% in PMSE units is to be expected in the coming 10 years.
[ad note: is the highlighted material still needed? Diagrams should be kept, proper explanatory text for them should be developed]
Start with definition: peak demand is….multiple events in close proximity Olympics /ESC ……
Aggregate demand is ….
SAP/SAB is normally an event based activity and oftern limited to a single physical location, it is normally confined to the limits of specific locality, where programme making takes place, or even to limits of a single building, such as theatre, TV studio, etc. Therefore the demand for SAP/SAB radio spectrum normally occurs in parallel. For example if events in two cities have a demand for spectrum, the total demand for spectrum is equal to the larger of the two demands.
Similarly, if events on different days each have a demand for spectrum, the overall demand for spectrum is again equal to the larger of the two demands, Demand measured in this way is peak demand and is the correct measure to use to determine whether current spectrum assignments are sufficient. An alternative measure is aggregate demand, where spectrum demands are added together even where spectrum can be re-used(due to physical separation). This measure might be used to predict the total income from spectrum licence fees, for example. Attempts to predict aggregate demand would require quite different methods than used in this study.
Throughout this whole report any discussion of spectrum demand assumes reference to peak demand. Expressed in such way, spectrum demand may be characterised by simply considering the most heavy users of radio spectrum (e.g. in major conurbations) and assuming that the smaller users (e.g. regional users) will be able to re-use the same spectrum well within the total amount designated as a peak demand. 
To illustrate this schematically, a graph can be drawn of spectrum demand against time and place. The horizontal axis represents different times and/or places, although there is no sense of an increase in either time or place when moving to the right – it merely represents different times and/or places. The vertical axis represents spectrum demand. Example in Fig. 4 shows this with two rectangles, one representing schematically the way demand might arise for outside broadcasts, the other doing the same for TV news



Illustration of how demand arises in different SAP/SAB sectors
Spectrum can be re-used at different outside broadcast events, so each event has a different rectangle, and the rectangles are placed side-by-side. Demand at a single outside broadcast event is quite high so the height of each rectangle is large, but the demand is localised in time and space so the width of each rectangle is small. Where two or more broadcasters visit the same event, their rectangles have to be stacked on top of each other as they cannot use the same spectrum. Similar principles apply to demand from theatres and studios.
However for ENG applications, each broadcaster usually has to have its own spectrum, which it can use anywhere in time and space (within certain limits). This is because broadcasters need to be able to go anywhere at any time without booking frequencies first. Each broadcaster has relatively few frequencies, so the rectangles have small height, but can use those frequencies over a wide range of times and places, so the rectangles are wide.
Different broadcasters need to be able to visit the same event at the same time, so the rectangles representing different broadcasters have to be stacked on top of each other to obtain the overall demand for the sector. If two broadcasters operate in two sufficiently separated regions, they can share spectrum, so their rectangles can appear side-by-side.
Therefore the whole of the SAP/SAB use may be illustrated as shown in Fig. 5. Each sector has its own rectangle, representing its demand.
Demand from ENG users has to be added to demand from the other sectors as these sectors require a ‘go anywhere’ capability (in time and within a geographical region), so they have allocations, which are separate from all other users. The same spectrum cannot (for example) be used by a theatre and for newsgathering, as the news gatherers require the capability to use spectrum at the same time and place as the theatre. However, as spectrum can normally be re-used between theatres, studios and outside broadcasts, so their rectangles are separated horizontally rather than stacked vertically. 
The total demand for SAP/SAB spectrum is therefore equal to the sum of the demands for TV news, radio and the largest of theatres, studios and outside broadcasts.



Combination of spectrum demand in different SAP/SAB sectors
In fact, outside broadcast demand can be so heavy that spectrum is sometimes borrowed from the other sectors, and/or from outside the SAP/SAB allocations. This is shown by the additional dotted rectangles, which represent how outside broadcast might intrude on other radio services’ spectrum.
note] put in map showing the deployment of professional radio microphones 
Some big cities: shows 7days a week / 52 weeks and in the same time ENG/OB ….
Put some more info on SAP
[bookmark: _Toc318901082][bookmark: _Toc467653300]Demand for theatres and rock and pop and touring shows
[note ] check numbers/ demand/ review paragraph
Theatres, concert venues and other auditoria of all sizes, both amateur and professional, use radio microphones and to a lesser extent, in-ear monitoring systems and talkback. Applications include drama, musical theatre, rock concerts, corporate events and amateur uses (for example for drama, concerts and shows, and in places of worship).
Spectrum demand is heaviest for large-scale, professional productions, and for touring musicals and rock concerts, and it is these areas on which the following discussion concentrates. Typically, this kind of usage will be most prominent in the locations with highest density of professional theatres, e.g. the West End in London, UK.
Studies show that currently the heavy peak spectrum demand for a single theatre production may be as high as 45-55 channels (radio microphones and in-ear monitors) and 5-10 narrow band channels for talkback and similar communications. Latest analysis shows that these figures of demand in theatres are not expected to grow significantly over the coming years, due to certain physical limits of manageability of that many signals.
Analysis of typical requirements for the touring shows, e.g. rock & pop concerts, suggests that for such touring productions channel demand may be in the order of 20-40 channels, in a mixed active (60%) and standby (40%) assignment. One particular example considered in detail showed, that radiomicrophones would take around 25% of the channels, while the rest would be divided almost equally by in-ear monitors and instrument (brass, strings, guitar  etc.) pick-ups.
It may be further noted that in theatres the demand for in ear monitors is insignificant and not likely to increase. However the situation is the opposite for rock & pop and similar concerts, where demand for in ear monitors in terms of a number of necessary channels prevail over demand for radio microphones. This implies, that the same aforementioned maximum of 45-55 wide band channels may satisfy the needs of both theatres and concerts, but divided in appropriate proportions for different applications (radiomicrophones vs. in ear monitors), as required by specific profile of necessary sound support.
Much of SAP/SAB operations had been short range and able to share spectrum with other services on a geographical basis. This may not always prove to be the case in the future and some reassessment of the balance between frequency reuse and area coverage may be required.
It should be noted, that the noise floor at any event which has an audience has grown significantly from the use of a range of devices such as mobile phones, blue tooth and personal area networks. Additional increases in the noise floor are expected as new technologies as LTE and white space devices are deployed.
[bookmark: _Toc318282367][bookmark: _Toc318901083]Demand for different kinds of broadcasting application
Broadcasting involves a broad range of applications where all sorts of PMSE equipment is used.
0.1.5 [bookmark: _Toc318901084]Studio production
NOTE: these can be single buildings or cover multiple studio complexes that stretch over many hectars.
Studios use radio for talkback, microphones, in-ear monitors for presenters, and (potentially, but not at present) cordless cameras. The reason for using radio is to give freedom of movement within the studio.
The studies made in the UK show that currently spectrum demand by studio productions might be as high as 10-15  channels (radiomicrophones and in-ear monitors) and 5-10 narrow band channels (talkback) for a single large studio. These figures should be increased up to 50-100 wide band and 30-70 narrow band channels for large studio buildings, incorporating number of studios under one roof.[note] studio village situation
It is further foreseen that within the next 10 years the demand for the wide band radio channels in a studios will approximately double, requiring around 20 channels per studio, or up to some 200 per large studio building. These figures are based on estimates for big studio productions e.g. BBC studios in the UK, etc.
[note] The original report stated comaprison to today´s situation
It may be noted that substantial over-provision of microphones and frequencies is common in studio buildings. Typically every studio will have its own microphones and frequencies, with some spares to be used as ‘top-up’, rather than having fewer frequencies with a pool system relying on not all studios being operative at any one time. This shows that the demand for spectrum may be significantly reduced if a spectrum management discipline could be imposed on the management of radio equipment at the large studio buildings.

One trend may be currently noticed of transferring more and more of traditional studio work out to locations. This might move the desired number and type of channels towards the requirements described in section 2.7.
The nature of traditional studio use has changed
> with a range of programs such as “Big Brother” having permanent new studios and programs produced within the traditional studios has increased to service the demands of the multimedia industry.
>many public broadcasters have now sold off their studio complexes to private organisations. This has resulted in not only the public broadcaster using this studio but intensive use from other program making companies.
The complex frequency environment of these sites requires detailed frequency planning to ensure interference is not generated.
The table gives an overview on the number of the various PMSE applications used in the studio production context.
Old dates below in table

	Link types
	Prognoses 2002
	Prognoses 2009
	Estimated demand in 2022

	Audio Links
	Radio microphone
In ear monitor systems
(wideband)
	10-15
	20-50
	

	Video Links
	Cordless cameras
	Not foreseen
	0-6
	

	Service links
	Talkback
Wide band / narrow band 
	0 / 5-10
	0-18 / 3-40
	



The numbers in the table reflect the demand per studio. In a multi studio production complex the indicated numbers increase by the number of studios located in this venue.
0.1.6 [bookmark: _Toc318282370][bookmark: _Toc318901085]Demand for news gathering for TV/radio/ internet
[bookmark: _Toc318282371]TV news providers use radio links in order to provide rapid response coverage of developing news stories. Therefore video links as well as talkback and radio microphones are used in the production of live and recorded news reports ‘from the scene. ERC Report 38[9] for further information
Terrestrial radio links, known under the term of ENG, consist of one or more microwave links that feed video and audio signals directly from the news location to broadcaster’s network or studio. ENG links are only one of a number of options used to transfer live or recorded material from location to the studio or network, others including:
SNG (Satellite News Gathering) refers to the use of satellite links to achieve the same thing;
fibre optic links can be used where a location has a fibre termination;
store-and-forward over public telecommunications lines can be used for non-live inserts;
similarly non-live inserts can be recorded on tape and carried by motorbike or otherwise to the studio.
Each ENG operator (news provider) requires its own exclusive spectrum, for which it requires round-the-clock access over the designated area; there is no scope for event by event co-ordination as the time taken to respond to a news event is too small.
ENG operators normally operate a number of trucks, which can be quickly despatched to a location where a news event is taking place. The truck contains all the facilities required to cover the story and transmit the signal back to the studio or network for (where necessary/appropriate) further production, editing and/or transmission.
It is estimated that all together ENG operators providing news coverage in the area covering major conurbations with high density of news events (typically capital and other big cities, like London, etc.) may require allocation of up to:
· 25-50 talkback narrowband channels;
· 15-30 channels for radiomicrophones;
· 5-10 channels for various video links.

	Link types
	Prognoses 2002
	Prognoses 2009
	Estimated demand in 2022

	Audio Links
	Radio microphone
In ear monitor systems
	25-50
	5-50
	

	Video Links
	Cordless cameras
	1015
	5-20
	

	Service links
	Talkback
Wide band / narrow band 
	None / 30-60
	0-40 / 2-60
	



[ad note: proposal to delete below section till end of chapter]
[revise / check for original input material The UK study suggests that predictions of future demand for ENG users would depend heavily on the success of digital technology as a major means of video transmission. If the digital technology does not deliver the promised advantages, hence making no significant impact on the sector, then over the next 10 years increase in spectrum demand for ENG operations would see a modest grow. However if the digital technology delivers on the promised advantages of resilience, quality and ruggedness, then it could mean not only replacing analogue links with digital, but also an overall boost to use of video coverage. So, for major conurbations (like London, etc.) forecasts of future demand for those two scenarios may look like shown in Table 4.]
Two scenarios of forecasted future demand by ENG operations
	Type of links
	Channels demand within 10 years if digital is not a success
	Channels demand within 10 years if digital is  a success

	Talkback narrow band
	30-60
	30-60

	radiomicrophones
	25-50
	25-50

	Analogue point-to-point video links
	5-10
	0

	Digital point-to-point video links
	1-5
	10-15

	Cordless cameras
	1-5
	10-15


[note] revise table
[move to current and future spectrum requirement section ]
[Change column headers to current / loss/ future need ]
It is obvious from these figures that if digital technology proves to be successful, then an increase of demand for video links in the longer term may outweigh the gains in spectral efficiency obtained through using narrower channels for digital links
0.1.7 [bookmark: _Toc318901086]Demand for sound broadcasters
Local and national sound broadcast stations use SAP/SAB services for newsgathering, traffic reporting, sports reporting, and other applications. Talkback, radio microphones and audio links are the key services used. However not all stations make significant use of SAP/SAB, in most cases news provision is bought in from specialist news agencies or similar providers.
Therefore SAP/SAB demand for sound broadcast stations is quite modest, e.g. even for such major conurbation as London area, the total demand is some 10 audio links, 5 channels for radiomicrophones and 5 narrow band channels for talk-back communications.
Prediction of demand over the next 10 years indicate that the number of channels for audio links and for radiomicrophones may approximately double, totalling to 15-20 audio link channels and 5-10 radiomicrophones channels.

	Link types
	Prognoses 2002
	Prognoses 2009
	Estimated demand in 2022

	Audio Links
	Radio microphone
In ear monitor systems
	5-10
	5-60
	

	Video Links
	Cordless cameras
	Not foreseen
	1-2
	

	Service links
	Talkback
Wide band/narrow band 
	0 / 5
	0-12 / 5-20
	



0.1.8 [bookmark: _Toc318901087]Demand for casual (sport) events and similar outside broadcasts
[bookmark: _Toc318282374]Reference to Olympic Games: Greece and UK
All forms of SAP/SAB applications are used heavily for sports and other outside broadcasts. Such events are here divided into two sectors. This section covers routine outside broadcasts, the sort of events, which occur week in, week out up and down the country. Although co-ordination is needed, difficulties rarely arise and no special planning of frequencies is required. Frequencies do not have to be ‘borrowed’ from other uses to cover events in this section.
The following section (2.8 ‘Major Events’) deals with major events, which require detailed and specialised planning, sometimes on-the-ground co-ordination, and sometimes ‘borrowing’ of frequencies from other uses. The distinction should be emphasised that there are many more events in this section than the following one. Therefore it would not be desirable to have to expend the same planning effort that goes into the large events on the events in this section, unless there were clear rewards in terms of spectral efficiency
It might be estimated that the current spectrum demand for a general sport event (such as a single football match, etc.), per single broadcaster covering that event, could be around:
· 5-10  channels for radiomicrophones;
· 1 wide band channel for audio link;
· around 10 narrow band channels for talkback;
· 1-2 point-to-point video links (2-4 channels if stand-by/duplex are required);
· 1-5 video links by cordless cameras.

However it should be obvious, that if there are more than one broadcaster covering the same event or if several events occur near-by, then the above estimates should be multiplied appropriately. Demand may also increase if for topography or other reasons it might become necessary to duplicate some of the links, or use repeaters, etc.

	Link types
	Prognoses 2002
	Prognoses 2009
	Estimated demand in 2022

	Audio Links
	Radio microphone
In ear monitor systems
Wide band audio link
	10-15

2-5
	5-30

0-10
	

	Video Links
	Cordless cameras
Return video
Point-to-point video
	Not foreseen
	5-10
	

	Service links
	Talkback
Wide band/narrow band 
	0 / 10-15
	0-18 / 3-30
	



[ad note: proposal to delete below section till end of chapter]
The UK study suggested that forecasts of future spectrum demand for sports and OB sector would depend on future take up of digital technology for video transmissions, as it would be for the above described case of TV news gathering. So Table 3 below shows two scenarios of possible future demand for sports and other outside broadcasts per single event/broadcaster. Demand for sound reporting point-to-point links is derived from the results of a study carried out in France by the ART in year 2000.
[note]Include more European based material in here



Dré to input material onWinter Games in Turin in 2010.

0.1.9 [bookmark: _Toc318901088]

Two scenarios of forecasted future demand for coverage of daily sports and other routine OB[note] review table / add new column
	Type of links
	Channels demand within 10 years if digital is not a success
	Channels demand within 10 years if digital is  a success

	Talkback narrow band
	10-15
	10-15

	Radiomicrophones
	10-15
	10-15

	Audio point to point links
	2-5
	2-5

	Analogue point-to-point video links
	1-2
	0

	Digital point-to-point video links
	1-2
	3-5

	Mobile and/or cordless cameras
	5-8
	8-10



note] revise table
[move to current and future spectrum requirement section ]
Change column headers to current / loss/ future need  ]
By comparing forecasts in tables 2 and 3 it may be seen that the TV news (ENG) would be more resonant to the success of digital technologies, than the outside broadcasts. This probably may be explained by the fact that outside broadcasts are normally more stationary in their operations, so the need for radio links is not as demanding as for fully mobile ENG operations.
0.1.10 [bookmark: _Toc318901089]Demand for large outside broadcasting

[bookmark: _Toc318901090]Demand for coverage of major events
[bookmark: _Toc318282377][note] input on vision links required
Some of the events covered by the outside broadcasts are extraordinary in terms of the attention they attract, their size, large geographical scales, etc. Some examples of such special events are:
· major large scale sporting events, examples Tour de France, London marathon, Wimbledon tennis, the Derby,  Olympic Games, World soccer champion ships   etc.;
· major national celebrations, royal weddings and funerals, pope visit  etc.
· major multinational events/ EU events like G8 summit/ G20 summit 
Such events are the points of greatest demand for SAP/SAB spectrum. However, because of their rarity it seems inappropriate to dimension national SAP/SAB allocations to cope with their demand. Rather, in preparing for such events, spectrum may be borrowed from other users of radio spectrum on a case by case basis.
It is important to note that there can be no question of predicting demand for a ‘typical’ event, and there would be no virtue in doing so in order to obtain a band plan, as these events cannot always be accommodated by a standard band plan, only by a specific plan for each event.
The pictures given in Figures 5-6 below show a typical case of channel demand for video and audio links respectively, by the visiting ENG/OB team covering one of major sporting events
Real case of ENG/OB demand for video channels to cover Vienna Marathon, 2001 
(Courtesy: NOB) (
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)
[note] at a major event there will be in excess of 20 OB units all with their own equipment, reporters and radio microphones
[note] revise frequencies in the figure
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–
 broadcast
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–
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–
 broadcast
15 – Reporter 4 audio uplink - broadcast
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Real case of ENG/OB demand for audio and service link channels to cover 
Vienna Marathon, 2001 (Courtesy: NOB)


	Link types
	Prognoses 2002
	Prognoses 2009
	Estimated demand in 2022

	Audio Links
	Radio microphone
In ear monitor systems
Wide band audio link
	20-80

10-20
	20-150

0-50
	

	Video Links
	Cordless cameras
Return video
Point-to-point video
	10-20
	5-30
	

	Service links
	Talkback
Wide band/narrow band 
	None/ not estimated
	0-50 / 5-70
	



In that respect, it may be also noted that these “non-standard” solutions for accommodating such additional demand would be more easy to achieve if SAP/SAB equipment would generally have wider tuning ranges. Therefore manufacturers should be encouraged to produce equipment with widest technically feasible tuning ranges, focused on covering whole (but if possible also going beyond) of the tuning ranges identified by CEPT.
In general, the broadcasters covering these events are the same as those covering the events described in previous section 2.7, and the drivers and trends are mostly the same, although there are some variations since:
· nearly all the events considered here are ‘high profile’, so many more broadcasters will be attracted to cover them, hence significantly increasing demand for spectrum at one site;
· broadcasters are aware that SAP/SAB resources might be tight at such major events, so they would be prepared to adhere to the more strict spectrum use discipline and having to co-operate and/or accept less spectrum than they would like;
Assuming all this, this report does not attempt to evaluate possible spectrum demand for this kind of events, as it would have to be satisfied on a case by case basis, based on national arrangements existing for such cases. Instead, the tables in following section indicate just the order of possible demand figures, based on experience from some of “typical” yearly recurring events, such as Vienna, Berlin Marathons, Tour de France, European Grand Prix, etc.
[bookmark: _Toc318901091]Demand for Houses of Worship
NOTE:
Demand may vary from few microphones to large number of channels for microphones and IEM + other links 
As well as video links / cordless cameras, depending on the denomination.
Text needs to be developed for this section
[bookmark: _Toc318901092]Demand for film and advert production
NOTE: Text needs to be developed for this section
[bookmark: _Toc318901093]Demand for cooporate events
Board meetings 
Shareholder meetings 
Video conference systems 
Facilities for remote participation for conference participants.
Text needs to be developed for this section
[bookmark: _Toc318901094]Demand for social use
Note:
This covers homes for elderly people, bingo room, use in pubs……..
NOTE: text needs to be developed for this section
[bookmark: _Toc318901095]Demand for 863-865MHz use
Note:
New title for this chapter needs to be developed ...the current title is just dummy to reflect the usage type and number of different uses that should go in this chapter 
[Brian Copsey to provide input material to this section]
This section should cover all uses that rely on commonly availaiable ( license exempt) channels ...
E.g. small churches 
Fitness instructors in gyms / public swimming pools
Promoters in malls.
NOTE: text / structure needs to be developed for this section
[bookmark: _Toc318901096]Demand for conference / political events
G20 summit / pope visit
EU related conferences / political events :
Large number of translated languages that are distributed wireless.
NOTE: text needs to be developed for this section
[bookmark: _Toc318901097]SUMMARY OF SERVICE REQUIREMENTS OF PMSE APPLICATIONS
NOTE: adjust / modify existing material, expand if required...
Add details as required.
[bookmark: _Toc318901098]AUDIO APPLICATIONS
Text needs to be developed for this section, considering the existing material from the initial report
[bookmark: _Toc318901099]VIDEO APPLICATIONS
Text needs to be developedfor this section
[bookmark: _Toc318901100]TALKBACK APPLCIATIONS
Text needs to be developed for this section
[note] revise paragraph
Based on the classification of SAP/SAB equipment in section 1 and considerations in section 2, it becomes possible to summarise and compare the service requirements of the various SAP/SAB sectors for different kinds of technical applications employed. These applications are further differentiated by scenarios in which the equipment might be used (mobility, airborne use) and their related operational parameters, such as range, antenna height, antenna directivity, etc. Such different operational requirements suggest preference for different frequency bands.
Table 4 summarises the service requirements for video SAP/SAB links, and Table 5 summarises the service requirements of audio SAP/SAB links.
Only those SAP/SAB usage sectors are reflected in Tables 4 and 5, which are likely to cause most significant and lasting peak demand. For video links these are the news-gathering (ENG), daily sport coverage or similar routine OB and some of recurring (usually annual) special events, such as major marathons, races and similar events (Berlin, London, Wien Marathons, Tour de France, etc.).
For audio links the activity areas reflected are the news gathering (ENG), daily sports and similar routine OB, theatres and touring shows, and the major recurring events as already mentioned for video links (including major stage shows, such as Eurovision Song Contest).
[note] Dré to provide material on economic impact of ESC
Apparently all such daily or recurring demand usually requires a long term solution to satisfy, however it may be required to a full extent only at a few locations across the nation.
Estimates of future demand for video links in Table 4 are based on the assumption that digital technology becomes a success, as described in sections 2.5 and 2.7. This also implies that the necessary channel raster in the future may be decreased from current typical 20 MHz to 10 MHz for cordless cameras, portable and mobile video links.
Today temporary point-to-point video links are accommodated either in SAP/SAB bands alongside the mobile SAP/SAB applications, or in the traditional fixed bands (such as 7 GHz or 8 GHz bands). Accordingly they follow either a typical 20 MHz raster in SAP/SAB bands or 28 MHz channel raster in fixed bands. Advancement of digital technology in SAP/SAB applications for these temporary point-to-point links could lead to a transfer to either a 10 MHz (or even 8 MHz because of less stringent size limitations) raster in SAP/SAB bands, or to a 14 MHz raster in fixed bands, see section 4.1 for details.
Because of the wide variety of SAP/SAB, both in terms of number of applications, types of events covered and extent of SAP/SAB use across different European nations, it was not possible to obtain any definite (averaged) figures of estimated channel demand, which would be valid for any CEPT country. Instead, the figures shown below in Tables 4 and 5 are either based on available estimates from the above mentioned national studies or provide the best-attempt estimates, derived from the practical experiences reported to the FM PT 41.
Therefore the estimates in Tables 4 and 5 should be used with caution and seen as indicative figures, giving order of demand, rather than its precise values.


Classification and service requirements of video SAP/SAB links[footnoteRef:5] [5:  For further technical characteristics (powers, antenna gains, etc.) refer to ERC Report 38[9] (video links) or ERC Report 42[10] (audio links)] 

	Type of Link
	Typical Range
	Radio Link Path
	Recommended Tuning Range
	Channel requirement estimates for different activity sectors/events

	
	
	
	
	ENG
for major arban area
	Casual OB, e.g.
football match[footnoteRef:6] [6:  Channel estimates for casual OB operations are given per routine event/single broadcaster] 

	OB at major annual events[footnoteRef:7] [7:  Major annual event means typical recurring special event, like annual marathons, races, major stage shows (Eurovision Song Contest), etc.] 


	Cordless Camera
	<500 m
	Usually clear line of sight, but might be susceptible to multipath impairment 
	2-2.5 or 2.7-2.9 GHz[footnoteRef:8] [8:  The final decision awaits results of sharing studies in the band 2.7-2.9 GHz] 

10.0-10.68 GHz
21.2-24.5 GHz
47.2-50.2 GHz
	

Now:
(2…5) x 20 MHz ch.

In 10 years:
(10…15) x 10 MHz ch.
	

Now:
(1…5) x 20 MHz ch.

In 10 years:
(8…10) x 10 MHz ch.
	

Now:
(5…10) x 20 MHz ch.

In 10 years:
(10…20) x 10 MHz ch.

	Portable link
	<2 km
	Normally, but not always clear line of sight.
	2-2.5 GHz
10.0-10.68 GHz
	
	
	

	Mobile Airborne

	< 50 km
	Normally, but not always clear line of sight.
	2-2.5 GHz
3.4-3.6 GHz
	
	
	

	Mobile Vehicular
	< 10 km
	Often obstructed and susceptible to multipath impairment.
	2-2.5 GHz
3.4-3.6 GHz
	
	
	

	Temporary Point-to-point links
	< 80km
per hop
	Usually clear line of sight for OB, but often obstructed for ENG use.

	7 GHz, 8 GHz bands
10.0-10.68 GHz
21.2-24.5 GHz
	Now:
(2…5) x 20/28 MHz
In 10 years:
(10…15) x 8/10 MHz
	Now:
(1…2) x 20/28 MHz
In 10 years:
(3…5) x 14/28 MHz
	Now:
(2…5) x 20/28 MHz
In 10 years:
(10…15) x 14/28 MHz





Classification and service requirements of audio SAP/SAB links[footnoteRef:9] [9:  For further technical characteristics (powers, antenna gains, etc.) refer to ERC Report 38 (video links) or ERC Report 42 (audio links)] 

	Type of Link 
	Typical Range
	Recommended Tuning Range
	Channel requirement estimates for different activity sectors/events

	
	
	
	TV/radio news (ENG)
Major urban area
	Casual OB, e.g. football match[footnoteRef:10] [10:  Channel estimates for casual OB operations are given per routine event/single broadcaster] 

	Theatres and touring shows 
	OB at major annual events[footnoteRef:11] [11:  Major annual event means typical recurring special event, like annual marathons, races, major stage shows (Eurovision Song Contest), etc.] 


	
	
	
	Now
	In 10 years
	Now
	In 10 years
	Now
	In 10 years
	Now
	In 10 years

	In-ear monitors
	<100 m
	174-216 MHz
470-862 MHz
1785-1800 MHz
	10…15 ch.
	15…30 ch.
	1…5 ch.
	5…10 ch.
	45…55 ch.
	45…55 ch.
	20…80 ch.
	20…80 ch.

	Professional radio micro-phones
	<100 m
	
	
	
	
	
	
	
	
	

	Portable audio links
	<2 km
	VHF/UHF bands[footnoteRef:12]) [12:  Depending on application scenario, channel width and required transmitter power, portable, mobile and temporary point-to-point audio links may be accommodated either in SAP/SAB bands or in other VHF/UHF bands, including the Private Mobile Radio (PMR) bands] 

	3…5 ch.
	5…10 ch.
	1…5 ch.
	5…10 ch.
	2…5 ch.
	5…10 ch.
	10…20 ch.
	10…20 ch.

	Mobile (incl. airborne) audio links
	<20 (50) km
	VHF/UHF bands[footnoteRef:13] [13:  Depending on application scenario, channel width and required transmitter power, portable, mobile and temporary point-to-point audio links may be accommodated either in SAP/SAB bands or in other VHF/UHF bands, including the Private Mobile Radio (PMR) bands] 

	3…5 ch.
	5…10 ch.
	3…5 ch.
	5…10 ch.
	Not applicable
.
	5…10 ch.
	5…10 ch.

	Temporary Point-to-point links
	<50 km
per hop
	VHF/UHF bands[footnoteRef:14] [14:  Depending on application scenario, channel width and required transmitter power, portable, mobile and temporary point-to-point audio links may be accommodated either in SAP/SAB bands or in other VHF/UHF bands, including the Private Mobile Radio (PMR) bands] 

	1…5 ch.
	3…5 ch.
	1…3 ch.
	2…5 ch.
	Not applicable
.
	5…10 ch.
	5…10 ch.





[bookmark: _Toc318901101]IMPACT OF DIGITAL TECHNOLOGIES
[note: new text needs to be included to reflect the current situation (2011)]
[bookmark: _Toc318901102]Video links
[By the time of writing this report there was already commercially available equipment for digital video transmissions in SAP/SAB applications. Digital technology promises a lot of advantages to the SAP/SAB industry, such as improved and constant quality of transmitted picture, high robustness, flexible operation modes, decreased size, additional services and effects, etc. So if digital equipment delivers on those promises, then it might be expected that the digital would soon dominate the landscape of SAP/SAB services and applications.
The most popular digital modulation scheme used today is expected to offer advantages over analogue links in terms of quality, resilience and range, especially in cluttered environments. However digital links have two drawbacks: they introduce a delay in the transmitted signal, and there is no visible warning of when the link is about to go down (in contrast to  the  situation  with  analogue  links,  which  will show  increased  interference in the picture before the link  goes  down). 
In addition, some users have indicated concerns over the range of digital links; whilst others expect digital links to have a 10 dB advantage in a link budget over the analogue links currently in use.
This section discusses what impact the introduction of digital technologies will or might have on the spectrum management decisions and solutions for SAP/SAB spectrum.
0.1.11 [bookmark: _Toc318282391][bookmark: _Toc318901103]Channel bandwidth of digital radio cameras
Current studies suggest that the typical digital radio camera will employ the DVB-T transmission standard with COFDM modulation. This would give an advantage of using the same technology as for the mass-market delivery, thus helping to drive down the price of cordless cameras.
DVB-T standard was developed so that transmissions would fit into now standard lattice of terrestrial analogue TV transmissions in the VHF/UHF bands, employing 8 MHz channel raster.
However studies reported to FM PT 41 have demonstrated that employing DVB-T signals for ENG/OB applications would normally require the higher channel bandwidth of 10 MHz. This is caused by the inability to use bulky filtering in the cordless cameras and hence necessity to ensure multi-camera operation in adjacent channels.
It was concluded that the digital video transmissions within the portable and mobile SAP/SAB applications, such as cordless cameras, should be accommodated in the 10 MHz width channel raster. This also allows the combining of two channels within the 20 MHz raster (currently used by analogue wireless cameras) when higher quality transmission is required.
If digital cordless cameras were to operate within TV Bands IV&V, they would have to fit within the existing 8 MHz TV channel raster without causing adjacent channel interference.
Digital temporary point-to-point video links, operated in traditional fixed bands (e.g. 7 GHz or 8 GHz band) should be capable of supporting the channel raster of fixed links, usually following the pattern 7/14/28 MHz. If such links would be deployed alongside the aforementioned mobile SAP/SAB applications, then in future they should be capable of operating either in the 10 MHz raster, or in the 8 MHz raster, where lesser restrictions to filtering allow.]
0.1.12 [bookmark: _Toc318282392][bookmark: _Toc318901104]Limits on operational frequency
Analysis of performance of DVB-T transmissions in the mobile environment suggests, that the COFDM modulation used in DVB-T is highly susceptible to the effects of Doppler shift of frequency in the reflected multipath signals. This has an adverse effect of limiting the maximum speed of relative displacement of transmitting and receiving terminals.
The studies reported to the FM PT 41 suggested the following figures of maximum speeds of operation of DVB-T terminals for the vehicular mobile environment, as shown in Table 11 below.
Maximum limits of operational speed for vehicular mobile DVB-T wireless cameras
	Mode of operation(COFDM 2K) and frequency
	0 dB echo
	Rural environment
	Urban environment

	2.5 GHz
	
	
	

	16-QAM r=1/2
	121 km/h
	65 km/h
	82 km/h

	64-QAM r=1/2
	91 km/h
	35 km/h
	52 km/h

	
	
	
	

	3.5 GHz
	
	
	

	16-QAM r=1/2
	86 km/h
	46 km/h
	59 km/h

	64-QAM r=1/2
	65 km/h
	25 km/h
	37 km/h



The figures in Table 10 imply that the frequency of 3.5 GHz should be regarded as the practical limit for most typical ENG/OB uses of vehicle mounted wireless cameras.
[bookmark: _Toc318282393]Note: interferences from other services need to be considered, propagation constraints depending on frequency need to be considered.
[bookmark: _Toc318901105]Radio microphones
In the previous report there was uncertainty as to the impact of digital technologies on spectrum requirements. It was perceived that digital technology could greatly reduce the bandwidth and overall spectrum requirements unfortunately this has not been the case.
[note: expand on the details on this ]
Whilst R&D has been ongoing since 1996, no large (over 30channels) systems are yet on the market. Whilst the development of digital systems may in future match the present state of the art analogue systems, it would be dangerous to base legislation, spectrum efficiency and frequency allocations on them
Another perception was that the intermodulation problems of analogue systems would disappear with the introduction of digital technology this has proved to be incorrect.
By the time of writing this report, there was still large uncertainty with regard to the future prospects of digital technology for professional radio microphones. Few models of consumer digital radio microphones had been produced and tested in ISM bands (2.4 GHz), however they were unsatisfactory for professional use because of audio delay and poor sound quality. Professional digital radio microphones in the band 1785-1800 MHz and in the TV Bands IV&V were yet to be developed.
Therefore it was decided to consider this issue from two different perspectives, resulting in two following sub-sections. First, the potential benefits of digital technology for radio microphone applications are considered from the theoretical point of view. Then, expectations of some of the current radio microphone manufacturers are summarised, based on the results of a questionnaire. A third sub-section summarises this analysis by providing comparison of expected spectral efficiency of digital vs. conventional analogue radio microphones.
note: add]: Whilst R&D has been ongoing since 1996, no large ( over 30channels) systems are yet on the market. Whilst the development of digital systems may in future match the present state of the art analogue systems, it would be dangerous to base legislation, spectrum efficiency and frequency allocations on them
 [note] digital does not mean more spectrum efficient nor does it make additional spectrum available
Professional radio microphones do not use the ISM 2.4GHz. Non professional use of the band will be suffering from raised interference levels as the density for W-LAN and other services in or adjacent to the band increased significantly.
Applications which wish to use the 2.4 GHz band must take into account the fact that is  spectrum that this cannot be protected or shared with other users. This constraint must be taken into account by the users in considering their required quality of service which they require versus the constraints of this spectrum sharing.
The move towards flexible spectrum allocations will not assist radio microphones as they are 100% duty cycle and multi-channel devices. Requiring exclusive use of spectrum during their use.
0.1.13 [bookmark: _Toc318901106]Analytical study of digital radio microphones
The previous report referred to assumptions made by FM PT41. Unfortunately these have not proved to be practical and have not been incorporated into the coding and modulation schemes by manufacturers which are proprietary.
The current ETSI standard EN300422[2]provides a BEM and technical details for digital radio microphones, at the time of writing ETSI TG17[13] is considering receiver parameters in light of changes of spectrum use.
The studies reported to the FM PT 41 did suggest several assumptions, which might provide the basic specifications for considering the potential advantages of digital technologies for radio microphones. Among these were the following:
· The audio coding may be similar to that of existing NICAM-728 standard. Therefore assumed “mono-NICAM” configuration would require bit rate of 384 Kb/s;
· The necessity of channel coding (FEC=1/2) would increase the transmission bit rate to 768 Kb/s;
· It was assumed that the basic modulation could be 25% root-raised cosine QPSK. If greater multipath tolerance were required, modulation like QPSK-COFDM could be used, yielding similar conclusions in terms of necessary bandwidth.
The above assumptions would mean that a theoretically estimated necessary spectral bandwidth of the digital radio microphones is 480 kHz, suggesting the potential channel spacing of 500 kHz.
The estimated channel width of 500 kHz is larger than the 200 kHz currently used by analogue radio microphones. However, the same study analysed the impacts of non-linear amplification and reverse intermodulation in the transmission sections of simulated digital radio microphones. These simulations produced evidence, supporting the conclusion, that adjacent channel operation of digital radio microphones might be feasible, as opposed to the limitations imposed by intermodulation on analogue radiomicrophones.
This would mean that although requiring higher bandwidth, the digital radio microphones may be potentially more spectrum efficient.

Up to now (autumn 2011), only few digital PWMS system are commercially available. Even big players in the market don´t offer such systems in their portfolio yet.
The introduction of a digital wireless system needs to find a trade-off between all above mentioned factors that define PWMS systems operation:
· a using a robust transmission scheme with sophisticated source coding means introducing latency into the system. If the latency is too high, the system cannot be used for live performance, as the “lip-sync” requirement is no longer met. 

· For sophisticated source coding, powerful signal processing is required, this means raised current consumption Dramatically reducing battery life

The size of the transmitters has reduced over the years to the point that often the battery is the largest section of the device; this means that low power consumption is extremely important to archive the 8-10 hours required before battery changes. There are pocket transmitters in the market that run 8 hours from a single AA cell.
Digital modulation schemes introduce a significant crest factor compared to analogue frequency modulation, which is a constant envelope modulation. Modulation schemes that introduce crest factor require a transmitter pa to provide high peak power. This lowers battery lifetime of the transmitter as well.
The C/I requirements of digital systems are dependent on the modulation scheme that is used:
Simple modulation schemes that introduce little latency are robust as analogue systems. Downside of these systems is that the audio quality is considered poorer than analogue systems.
High order modulation schemes, that provide better audio quality, introduce higher latency due to the more complex coding. Higher order modulation schemes have the same or even higher C/I requirements as analogue systems.
The digital PWMS systems that are available on the market all use proprietary modulation schemes and protocols. So no general assumptions on the advantages of digital systems can be made. Depending on the modulation schemes the systems use, it might well be that the C/I requirement of such a system is lower compared to an FM system, but with these systems the number of usable channels per 8 MHz in parallel might also be lower. From their nature, these systems are tailored for special applications. In these applications some of the factors mentioned above i.e. battery life, number of systems operating in parallel can be sacrificed. E.g. In ENG applications a battery life time of 4-6 hours is considered sufficient, whereas for musicals/ theatres the minimum requirement for battery life time is 8+ hours, as normally rehearsal and show is run with the same set of batteries.
A system that would be generally accepted on the market would need to fulfil all the above mentioned requirements. For digital this is a difficult trade off, this shows why the majority of manufacturer’s in the market do not yet offer digital systems.
0.1.14 [bookmark: _Toc318901107]Digital radio microphones developments
The use of the radio link is simply to replace the wire connecting a high quality microphone to the audio system or the recorder. The wireless link must provide as a minimum the audio quality of the wire it is replacing which uses AES42 as its standard. 
The driving force behind digitization of radio microphones is the digitization of the whole audio chain in SAP/SAB activities.
The original issues in the FM PT41 questionnaire have proved to be the stumbling blocks for manufacture and developing of large channel systems. The loss of spectrum in bands V and VI has made this problem worse. The points identified are; 
In order to gather information on practical developments and future prospects of digital radiomicrophones, a questionnaire was  developed in  FM PT 41  and sent  to radio microphone manufacturers in the summer of 2001.   The responses  from 10 manufacturers could be summarised as follows:
· the problem of noticeable audio delay, resulting from digital signal processing, is seen as a major limiting factor to the up-take of digital technology;
· however, all manufacturers announced their commitment to manufacture digital radio microphones, somewhere between now and year 2003;
· 80% of manufacturers aim at producing digital microphones for the TV Bands IV&V, 80% - for the band 
	1800 MHz;
· manufacturers expect that between 8-15 digital radio microphones could be co-located within the sub-band of 
	8 MHz; (this is the same as conventional analogue systems]
· 80% of manufacturers aim at producing digital microphones in the available manufacturers expect that the switching and tuning ranges of digital radio microphones will remain essentially the same as of contemporary analogue radio microphones, that is 15-24 MHz (3 TV channels) and 50-100 MHz respectively.
Since the introduction of various digital systems including GSM and LTE attempts have been made to replace conventional radio microphones using dedicated spectrum with units using the existing and planned mobile networks. Or to use these modulation schemes in place of FM. To date there has been no commercial offering of these systems, probably due to the following points
1)radio microphones require 100% high quality reproduction at all time
2)reproduction of the audio must conform with AES 3 / AES42 standard for digital audio 
3)latency: the various modulation schemes used within the mobile and other industries do not need to take into account lip-synchronisation which if viewing either on television or theatre becomes obvious to the viewer with a latency of XXms.
Essentially all this means that currently the industry seems to be cautiously positive regarding the prospects of digital technologies, being sure that developments lie with the digital technology, but being not sure what exactly benefits it would bring.
After completion of the questionnaire exercise some further statements were received by the FM PT 41, providing further evidence that the radio microphones manufacturers might be able to expand the switching range of their future products beyond currently commercially available range of 3-6 UHF TV channels.
[[note] elaborate , generate new text including the below listed points 
Switching bw not major issue : systems available with switching bandwidth from 48-150MHz
The following factors are still the main obstacles for digital RM, that need to be dealt with and that prevent digital RM from becoming a general usable tool at the moment
interference issues: digital RM suffer from intermodulation problems in the same way as analogue systems
sound quality: digital RM that produce the same sound quality as currentanalogue systems require high order modulation schemes that require complex source coding high battery consumption
High battery consumption requires larger batteries to obtain the operating time that is required by the customers 
Contradicts to market demand of portable small size portable devices
0.1.15 [bookmark: _Toc318901108]Performance comparison of digital vs. analogue radio microphones
[revise]
[Brian to add to this]
Advantage of FM equipment: large capture ratio
Digital: no capture ratio
Request for further info from other manufactures …. Develop new text / 
Comparison: perception when writing / situation now.
From the limited information available by the time of writing this report, it was not possible to make a reliable estimate as to the performance characteristics and co-existence capabilities of future digital radio microphones. Therefore Table 7 below compares the performance of contemporary analogue radio microphones with analytically predicted as well as manufacturers’ estimated performance of future digital radio microphones.

By the time of writing the initial report, based on the available information the following assumptions were made for the spectrum efficiency and number channels. The previous report referred to assumptions made by FM PT41. Unfortunately these have not proved to be practical and have not been incorporated into the coding and modulation schemes by manufacturers which are proprietary.
Performance comparison of future digital vs. contemporary analogue radio microphones
	Type of radio microphones 
	Number of microphones used simultaneously at one location within a

	
	Single 8 MHz block in bands IV&V
	Contiguous 2x8 MHz block
	2x8 MHz blocks, separated by8 MHz
	Band 1785.7-1799.4 MHz

	Typical analogue today (200 kHz)
	8…10
	11
	16
	10 (estimate)

	High performance analogue today (200 kHz)
	10…12
	-
	-
	-

	Theoretically simulated digital (500 kHz)
	16
	32
	32
	27

	Currently envisioned by manufacturers digital
	7…15
	Note(1)
	Note(1)
	8…25


Note(1): although manufacturers in their reply to the questionnaire did not specify the numbers, majority expressed preference for contiguously allocated channels for future digital radiomicrophones, as opposed to non-contiguous spectrum
[note : Wolfgang to develop new table based on the current situation]
[note: new text here]
[bookmark: _Toc318901109]TALKBACK SYSTEMS
Text needs to be developed for this section
[bookmark: _Toc318901110]INVENTORY OF FREQUENCY BANDS FOR PMSE APPLICATIONS
[bookmark: _Toc318901111]general considerations related to changes in the existing PMSE frequency bands
NOTE: additional text needs to be developed for this section: introduction / short summary .
Since the development of the initial report, some severe changes have occurred in the frequency bands that are available for PMSE
Broadcast agreements have been revised, new services have been allocated in these bands 
GE06		Implementation of DVB-T in both VHFrange174 – 230 MHz and UHFrange 470 – 862MHzrange 
WI95CO07 	Implementation of T-DAB in the VHF range 230 – 240MHz 
MA02COo07	Implementation of T-DAB and S-DAB and other services in the band 1 452 – 1 479.5MHz L-band.
ECC/DEC/(03)02	S-DAB 1479.5 –1492MHz.
At WRC - 07, several frequency bands were allocated to IMT advanced services.
Following the WRC – 07 decision, 
For Europe, it was decided to choose LTE technology as implementation of the IMT services.LTE technology is expected to be deployed as indicated below 
Bands in which LTE FDD is currently beingwill be deployed 
LTE band 3	1 710 – 1 880MHz
LTE band 7	2 500 – 2 690MHz
LTE band 20	791 – 862MHz
Candidate Bands in which LTE TDD couldwill be deployed
LTE band 40	2 300 – 2 400MHz
LTE band 42 	3 400 – 3 600MHz
LTE band 43	3 600 – 3 800MHz
IMT technology is deployed in the 900MHz band and the 2.1GHz band.
WRC – 12 decisions to be added here
[bookmark: _Toc318901112]Frequency bands for video links
This section contains an inventory of candidate bands for video SAP/SAB links. It lists those bands identified for ENG/OB in ECA (ERC Report 25[12], February 1998 edition) and ERC/REC 25-10[8] (1995 edition). The inventory is intended to provide details for each of the bands: current CEPT provisions (DEC/REC), national usage, reasoning and conclusions regarding possibilities of future (harmonised) use by video SAP/SAB links.
The bands listed in the document address mostly the bands, which are intended for use by cordless cameras and different mobile video SAP/SAB links. It is assumed that the majority of temporary fixed point-to-point ENG/OB connections are often accommodated in the “traditional” fixed services’ bands, utilising the same channelling arrangements. For example, such fixed services’ bands, where temporary point-to-point links are often located, include bands around 5.9 GHz, 7.5 GHz, 8 GHz, etc.  
The information on nationally used frequency bands is used in this section, as was collected by the FM PT 41 in Mid 2001. It is reproduced in full in Annex 1 of this report.
Two distinctive terms are used in this section to describe different proposed status of band identification for use by video SAP/SAB links:
· Tuning range – means identification of the frequency band, from where CEPT countries may assign specific sub-bands or particular frequencies for video SAP/SAB links subject to availability, actual demand and sharing arrangements with primary services using those bands. Ideally, SAP/SAB equipment should be capable of being re-tuned within the whole of tuning range and even beyond, to be suitable for operation in different countries;
· Preferred sub-band – a sub-band within the tuning range, where higher prospects of pan-European usage of video SAP/SAB links may be expected. These sub-bands are identified as either those, which are most widely used for SAP/SAB today, or as occupying certain gaps in spectrum use by primary services, such as duplex separation gaps between the “go-return” duplex legs in fixed service channelling arrangements, etc. If SAP/SAB equipment is not capable of covering the whole tuning range, then it should be capable of operating at least within the preferred sub-band to ensure the best opportunity for international use.
0.1.16 [bookmark: _Toc318901113]Frequency bands 2025-2110 / 2200-2290 & 2290-2500 MHz
Current CEPT background.
The bands 2025-2110/2200-2290 MHz are foreseen by the ECA to be used primarily for fixed links, space science services and mobile systems. Footnote EU16A clarifies that mobile service is limited to tactical radio relay links and ENG/OB applications.
The NJFA and ERC Response to DSI Phase III identify the sub-bands 2025-2070 / 2200-2245 MHz as the harmonised 2x45 MHz solution for near/cross-border operation of military TRRL. See also ECA footnote EU2.
Within the band 2290-2400 MHz ECA foresees mobile systems, the band 2400-2483.5 MHz is designated as ISM band, also used for SRDs, etc. The band 2483.5-2500 MHz is designated as fixed, mobile, mobile-satellite, ISM band.
Although until now ECA did not directly foresee ENG/OB use in the band 2290-2500 MHz, such use was recommended by the ERC REC 25-10[8]. The FM PT 41 proposed to extend it downwards until 2290 MHz and treat it together with the above bands 2025-2110 / 2200-2290 MHz.
Current national usage within CEPT
These frequency bands today are already widely used across CEPT for video SAP/SAB links. Total of 16 from 18 countries providing information (89 %) indicated that they do allow various video links in some parts of this frequency range. In terms of specific sub-bands, certain majority (70%) would allow SAP/SAB in the middle of the band, around 2.2-2.4 GHz, while respectively 40% and 45% of countries would allow such use in the lower (2-2.2 GHz) or upper (2.4-2.5 GHz) parts of this range. See Annex 1 for details.
Future use by video SAP/SAB links
Likely extended use by video SAP/SAB links on a shared basis with other services.
It should be noted that the ISM band 2400-2483.5 MHz becomes increasingly difficult to share between video links vs. SRDs, especially Radio LANs, including Bluetooth. However some further possibilities to maintain SAP/SAB use in this band should be investigated further. E.g. the use of digital modulation technologies with the narrowed channel bandwidth and low power (10 mW) by future video SAP/SAB applications could improve sharing possibilities.
The bands 2025-2110/2200-2400 MHz today are widely used for governmental purposes in many European countries, in particular for TRRL below 2300 MHz and aeronautical telemetry between 2300-2400 MHz. However these bands provide potential for video SAP/SAB links, as it may be seen that SAP/SAB access to this band is allowed in many countries under various arrangements.
Category of video SAP/SAB links
Primarily mobile vehicular and airborne video links, but also including portable video links. Cordless cameras may have to be accommodated in this band too, unless replacement band at 2.7-2.9 GHz is made available for that kind of SAP/SAB links.
Prospects of harmonisation and preferred sub-bands
It is suggested that the bands 2025-2110 and 2200-2500 MHz are combined together and identified as a single tuning range for video ENG/OB links. It is assumed that this corresponds well with the expected minimum tuning range of 500 MHz for equipment designed for this band.
0.1.17 [bookmark: _Toc318901114]Frequency band 2500-2690MHz
Current CEPT background
The band 2500-2690 MHz has been identified by WRC-2000 for satellite and terrestrial components of UMTS/IMT-2000. The conditions and time-scales for UMTS access to this band are currently being developed within ECC PT 1.
ECA does not directly foresee ENG/OB use in this band; however such use was recommended by the ERC/REC 25-10[8] in the band 2300-2600 MHz.
Current national usage within CEPT
Of 16 countries providing information for this band, only 4 (25%) indicated on-going use of video SAP/SAB links in this band. Further 5 (30%) indicated that currently video SAP/SAB links are allowed, but in the future the band should be freed for other use, notably as an UMTS extension band. Remaining 7 countries indicated no SAP/SAB use in this band.
Future use by video SAP/SAB links
The band 2500-2690 MHz is intended for sole UMTS use in the longer term. However this band might continue to be used for video SAP/SAB applications in the short term, presumably until 2005-2007. 
Category of video SAP/SAB links
Primarily mobile vehicular and airborne video links.
Prospects of harmonisation and preferred sub-bands
No, given the expected future deployment of UMTS.
0.1.18 [bookmark: _Toc318901115]Candidate frequency band 2700-3400MHz
This band is currently considered as a candidate for accommodating some SAP/SAB requirements, in particular within the sub-band 2700-2900 MHz. However such identification for video SAP/SAB links should await results of ongoing sharing studies in SE PT 34 and review of the whole band 2700-3400 MHz by the FM PT 31.
Having considered the progress of sharing studies, FM PT 41 at its October 2001 meeting, decided to restrict candidate SAP/SAB applications for introduction in the band 2700-2900 MHz to digital cordless cameras only. The operational requirements, based on the data in ERC Report 38[9] but adjusted for expected digital scenario, are given below in Table 12.
Additional operating and licensing conditions, e.g. co-ordination requirements, exclusion zones around radars or other measures for protection of aeronautical radionavigation, are to be established based on the results of sharing studies and realistic possibilities of enforcing such conditions.
Parameters of digital cordless cameras considered for operation in the candidate band 
2700-2900 MHz
	Type of Link
	Typical Tx antenna characteristics
	Maximum e.i.r.p.
(dBW)
	Typical Environment

	
	Height
(agl)
	Directivity
	Gain (dBi)
	
	

	Digital Cordless Cameras (see definition in Section 1 of the report)
	2 m
	Omni-directional in HRP
	5
	0
	Indoor, 
Outdoor (e.g. within sports stadium)



It was assumed that the current choice for modulation would be the DVB-T standard, however later developments of proprietary modulation schemes may be considered once and if they become known. Unfortunately, this would also require re-visiting the assumptions made when conducting the sharing studies. However it may be possible to associate the sharing study results with some essential requirements in terms of modulation parameters, compliance with which would assume validity of the original sharing study with the different system.
Such proposed restriction of potential SAP/SAB use to only one application would provide only partly solution to congestion in use of spectrum available to video SAP/SAB links. However, if cordless cameras may be used on certain conditions in the band 2700-2900 MHz, this would at least release pressure on the other bands (notably in the range 
2-2.5 GHz), which then may be to a larger extent used for high mobility (terrestrial and airborne) video SAP/SAB links.
Given that the sharing concerns are resolved satisfactorily, then the band 2700-2900 MHz could become a good candidate for harmonised use by cordless cameras, because of existing similar use of the band by incumbent services across Europe.
0.1.19 [bookmark: _Toc318901116]Frequency band 3400 – 3600 MHz
Current CEPT background
The ECA foresees this band to be used primarily for fixed links and fixed wireless access applications. However footnote EU 17A allows ENG/OB use under the mobile allocation. This is further specified in the Notes column as being for occasional co-ordinated ENG/OB links.
The ERC REC 13-04 identifies the band 3400-3600 MHz as one of the bands, preferred for FWA applications.
Current national usage within CEPT
While in many countries this band is earmarked or used for services other than SAP/SAB, notably for FWA, at least 5 out of 16 responding countries (some 30%) do allow video SAP/SAB links in this band. Usually it is for occasional SAP/SAB use on a co-ordinated basis.
Future use by video SAP/SAB links
Some possibilities of continued SAP/SAB use exist under national sharing arrangements or case-by-case co-ordination procedures.
Category of video SAP/SAB links
Mobile vehicular and airborne video links.
Prospects of harmonisation and preferred sub-bands
The band might be kept as a tuning range for video SAP/SAB links, and such use may in particular utilise the spectrum gaps in and around the FWA channelling plan. Until FWA is better developed, wider use of this band by video SAP/SAB links may take place.
0.1.20 [bookmark: _Toc318901117]Frequency band 4400 – 5000 MHz
Current CEPT background
This band is identified by the ECA as a harmonised military band for fixed and mobile systems. The sub-band 4990-5000 MHz is also foreseen for Radio Astronomy measurements. However Notes column allows occasional use of co-ordinated ENG/OB links.
See also ECA footnotes EU2 (for sub-band 4400-4500 MHz) and footnotes EU20 & EU27, which address issues of civil-military sharing.
Current national usage within CEPT
In most CEPT countries this band is reserved for sole military use. However at least 6 out of 17 providing the data (35%) indicated that they do allow occasional SAP/SAB use in this band.
Future use by video SAP/SAB links
Some possibilities of continued SAP/SAB use exist under national sharing arrangements or case-by-case co-ordination procedures.
Category of video SAP/SAB links
Tests performed in Austria of video SAP/SAB links in this band (ORF, 2001) concluded that this band is suitable for fixed or low mobility video link applications, such as temporary point-to-point links, portable links or cordless cameras.
Prospects of harmonisation and preferred sub-bands
No.
0.1.21 [bookmark: _Toc318901118]Frequency band 5250 – 5850 MHz
Current CEPT background
The various sub-bands of this band are foreseen by the ECA to be used for different applications, including radiolocation, radionavigation, satellite services. Furthermore, ERC/DEC/(99)23[11]withdrawn on 9 July 2004 designates the bands 5150-5350 MHz and 5470-5725 MHz for HIPERLANs.
However, ECA footnote EU22 stipulates that the band 5250-5850 MHz will be studied to identify possibilities to accommodate ENG/OB, specifically wireless cameras.
Current national usage within CEPT
Of 16 countries providing information, only 3 (20%) indicated possibilities for using video SAP/SAB links.
Future use by video SAP/SAB links
Currently uncertain, future of the band will be re-considered at the WRC-03.
The band may be difficult to share with other services, allowed by Radio Regulations, in particular with HIPERLAN in the future. However, possibilities to use HIPERLAN technology for ENG/OB links might be investigated.
The ISM part of the band, namely 5725-5850 MHz might be increasingly difficult to share with incumbent ISM equipment and with possible future increasing use of SRDs in this sub-band.
Category of video SAP/SAB links
Cordless cameras and portable video links.
Prospects of harmonisation and preferred sub-bands
No
0.1.22 [bookmark: _Toc318901119]Frequency band 10.0 – 10.68 GHz
Current CEPT background
The various sub-bands of this band are foreseen by the ECA to be used for different applications, such us FWA; radars in the parts below 10.5 GHz; sensors and passive applications. ENG/OB use is envisaged across the entire band. RR footnotes S5.149 and S5.482 apply in the band 10.6-10.68 GHz to protect operation of passive services.
The ERC REC 13-04 identifies the band 10.15-10.30/10.50-10.65 GHz as one of the bands, preferred for FWA applications.
Current national usage within CEPT
This band is widely used by video SAP/SAB links in Europe. Of 18 countries, only 2 indicated no SAP/SAB use in this band. Of 16 positively responding countries, 12 would allow video SAP/SAB links in the middle part of the band (around 10.3-10.5 GHz), 10 in the upper parts (10.5-10.68 GHz) and 6 in the lower parts (10-10.15 GHz).
Future use by video SAP/SAB links
Likely continued use of video SAP/SAB links on a shared basis with other services, e.g. utilising separation gaps between go-return duplex parts within FWA deployment scenarios, non-radar parts, etc.
Category of video SAP/SAB links
Temporary point-to-point video links, portable video links and cordless cameras.
Prospects of harmonisation and preferred sub-bands
The whole band 10.00-10.68 GHz might be identified as a tuning range for video SAP/SAB links.
The sub-band of 10.3-10.45 GHz may be identified as a preferred sub-band for video SAP/SAB links.
0.1.23 [bookmark: _Toc318901120]Frequency band 21.20 – 24.50 GHz
Current CEPT background
The various sub-bands of this band are identified by the ECA to be used for different applications, such us fixed links, passive services, RA observations and radars. There are no foreseen plans in Europe for operation of passive services in parts of this band.
ECA currently allows ENG/OB use across the entire band, except within the sub-band 21.4-22.0 GHz, reserved by ECA for wide-band high definition television. The latter sub-band is also considered for BSS/HDFSS applications.
ERC Recommendation T/R 13-02 established the channel raster for fixed services in this range, inter alia recommending to deploy fixed unidirectional links, such as used for ENG/OB, in the sub-bands 22.6-23.0 GHz, and 24.25-24.5 GHz. In such deployment, unidirectional links would not overlap with the duplex channelling raster of conventional bi-directional permanent fixed links.
Current national usage within CEPT
This is another band in major use for video SAP/SAB links in Europe. Only 2 of 20 responding countries indicated no SAP/SAB use in this band. Of 18 positively responding countries, 12 would allow video SAP/SAB links in the lower parts of the range (in particular within 21.2-21.4 GHz), 9 in the middle parts (22.6-23 GHz) and 6 in the upper parts (24.25-24.5 GHz), while actual ranges vary much greater.
Future use by video SAP/SAB links
Good prospects, likely increase of SAP/SAB usage.
Category of video SAP/SAB links
Cordless cameras and temporary point-to-point video links.
Prospects of harmonisation and preferred sub-bands
The whole band should be kept as a tuning range for video SAP/SAB links.
The sub-bands 21.2-21.4 GHz, 22.6-23.0 GHz and 24.25-24.5 GHz may be identified as the preferred sub-bands for video SAP/SAB links.
0.1.24 [bookmark: _Toc318901121]Frequency band 47.20 - 50.20 GHz
Current CEPT background
This band is foreseen by the ECA to be used for different applications, such us fixed links, fixed-satellite services, broadcasting satellite feeder links, also for RA observations. The bands 47.2-47.5/47.9-48.2 GHz are designated for HAPS and sharing with this service may require caution.
ENG/OB use is envisaged by the ECA across the entire band.
Current national usage within CEPT
This band seems being not currently demanded for SAP/SAB use in most CEPT countries. Of 16 countries providing data, 6 indicated that video SAP/SAB would be allowed, and only one (UK) indicated practical use. Other countries indicated no attitude towards video SAP/SAB links in this band.
Future use by video SAP/SAB links
Unclear, as interest for SAP/SAB in this band is not yet mature. It might be expected that the SAP/SAB designations in the 21.2-24.5 GHz band should be filled first, before attention turns to the 48 GHz band.
Category of video SAP/SAB links
Cordless cameras and temporary point-to-point video links are potential applications in this band.
Prospects of harmonisation and preferred sub-bands
Good prospects of harmonisation may be seen in this band and its identification as a tuning range for SAP/SAB links should be kept. Further developments in this band would depend on actual requirements for video SAP/SAB links in this range.
0.1.25 [bookmark: _Toc318901122]Conclusions
From analysis given in the previous subsections it appears, that because of unlikely and, in principle, unnecessary exclusivity of spectrum for video SAP/SAB links and its highly divergent use across various CEPT countries, the harmonisation of specific sub-bands is achievable only to certain extent.
Instead, the tuning ranges should be pursued as a major and practical level of harmonising SAP/SAB spectrum. Such harmonised tuning ranges would allow sufficient level of flexibility to Administrations in managing different levels of national demand for SAP/SAB applications, while giving opportunity to manufacturers to achieve sufficient economies of scale, when producing equipment tuneable over the entire identified range.
In case the full tuning range in each band is not initially practicable due to equipment constraints, preferred sub-bands have been identified, where possible, as a best compromise. Consequently, it is recommended that Administrations should consider the preferred sub-bands as the first choice, in particular for temporary used assignments.
[bookmark: _Toc318901123]Frequency bands for radio microphones, IEM  and audio links
This section contains an inventory of frequency bands identified for audio SAP/SAB links in general, in particular for radio microphones, IEM and audio links
It should be noted, that portable, mobile and temporary point-to-point audio links may be accommodated either in the SAP/SAB bands described in this section, or in other VHF/UHF bands, including PMR bands. This would depend on particular application scenario, channel width and required transmitter power. It should be noted that identification of harmonised sub-bands for these audio links is not achievable.
Two distinctive terms are used in this section to describe different proposed status of band identification for use by audio SAP/SAB links:
· Tuning range – means identification of the frequency band, from where CEPT countries may assign specific sub-bands or particular frequencies for audio SAP/SAB links subject to availability, actual demand and sharing arrangements with primary services using those bands. Ideally, SAP/SAB equipment should be capable of being re-tuned within the whole of tuning range and even beyond, to be suitable for operation in different countries;
· Preferred sub-band – a sub-band within the tuning range, where higher prospects of pan-European usage of audio SAP/SAB links may be expected. These sub-bands are identified as either those, which are most widely used for SAP/SAB today, or as occupying certain gaps in spectrum use by primary services, such as duplex separation gaps.
The material of this section further develops that contained in the final report from the FM PT 27, filed as WG FM document FM(98)67, May 1998.
0.1.26 [bookmark: _Toc318901124]Frequency band 29,7 – 47,0 MHz
NOTE: text for this section needs to be developed.
0.1.27 [bookmark: _Toc318901125]Frequency band 53-60MHz
NOTE: text for this section needs to be developed, 
for fixed audio links (UK/ France )
Information on the usage of this band needs to be provided.
0.1.28 [bookmark: _Toc318901126]Frequency band 174 – 216 MHz
Extension of the band is under discussion: check the status 
[reoword / rephrase paragraph]
This band is identified by the ERC/REC 70-03[6] as a tuning range for radio microphones. 

Notes:
T-DAB is deployed in this band
Finland has introduced HD TV in this band
Note: re to GE06 TV is possible in this band 

Text from Rep 32
According to ERC/REC 70-03[6] and ERC/REC 25-10[8], the band 174-216 MHz is available for PMSE usage (see section
2.3.1) and is intensively used within CEPT for analogue TV broadcasting. At RRC-06, plans were developed in order to
accommodate T-DAB and DVB-T systems. As in the UHF band, the introduction of digital systems in this band may result
in reducing the number of white spaces available for PMSE devices.
The band is of interest for PMSE systems due to its good propagation conditions. The man-made noise is higher than in the
UHF band which could reduce the audio quality. However, the antenna length is not practicable. As for the UHF band,
there is no harmonised licensing approach within CEPT.
PMSE equipment are currently not available on the market; however, the technology is not new since this band was more
intensively used in the past. The use of this band may require additional development time before putting equipmenton
the market.
In addition, the band 216-223 MHz (or part of this band) is available in several CEPT countries for PMSE.

In 2011 some countries started to implement DAB in this band. This will bring new noise and interference potential for PWMS in this band. Additionally, the band could be affected by the introduction of PLT systems.This band is still used for TV transmissions (TV Band III) in many European countries, restricting the wide spread of radio microphones. In some countries, this band is also increasingly used for land mobile services. 
At the time of the revision of this report (autumn 2011) according to ERC/REC 70-03[6] Annex 10, the band is implemented in all but 4 CEPT countries for radio microphones. At least 10 CEPT Administrations indicated that they do not allow radio microphones in this band, but in many other countries a large number of radio microphones are in operation.
However, taking into account a large amount of existing equipment, this band should be identified and maintained as a tuning range for audio SAP/SAB applications for the time being.

It also seems that manufacturers focus their future plans on higher bands. In replies to the questionnaire on prospects of digital radio microphones, few manufacturers indicated their wish to produce professional digital radio microphones in the band 174-216 MHz.
0.1.29 [bookmark: _Toc318901127]Frequency band 470-789 MHz
TV bands IV&V are identified as a tuning range for professional radio microphones in ERC/REC 70-03[6]and currently seem to accommodate the majority of national requirements for professional radio microphones.
Studies on the actual spectrum requirements have been carried out. The situation has also been described in an ITU-R report.
By the time of the revision of this report (autumn 2011), according to the latest revision of ERC/REC 70-03[6] Annex 10,  the band 470-786MHz is implemented in all but 3 CEPT countries for radio microphones. The band 786-789MHz is not implemented in 27 CEPT countries.

PWMS applications have traditionally used the interleaved spectrum between the analogue TV transmitters in band IV and V on a geographical basis. PWMS can operate in a adjacent and co-channel scenario with other services if there is sufficient geographical separation. The exception to this is the IMT services.  .
· Coexistence with DVB-T
Where DVB-T transmitters are on adjacent channels to PWMS the number of PWMS channels is reduced.
The reduction depends significantly on the location and the number of active DVB-T carriers as explained in [i43]


	Case
	Number of DVB-T signals inside frontend
	Available sub range for PWMS

	I
	0 DVB-T 
	24 / 24 MHz

	II
	1 DVB-T signal (left channel)
	8.1 / 16 MHz

	III
	1 DVB-T signal (right channel)
	8.1 / 16 MHz

	IV
	1 DVB-T signal (middle channel)
	4.1 / 16 MHz

	V
	2 DVB-T signals (left & right channel
	2.8 / 8 MHz



The study is referring to a PWMS system with a 24 MHz switching bandwidth.
Case V represents the most dramatic constellation with 2 DVB-T transmitters directly occupying the outer 8 MHz of the receiver bandwidth. Only 2.8 MHz of the remaining 8MHz are usable for the operation of PWMS.
After the assignment of the range 790-862 MHz to LTE on a co-primay basis, the situation in UHF changed. The ranges 470-790 MHz and 790-862 MHz have to be analyzed separately.With the WRC-07 decision to assign the frequency band 790-862 MHz to LTE on a co-primary basis, this range has to be vacated from DVB-T and other secondary applications. As all applications in the range 790-862 MHz have been moved into the band below 790 MHz. This leads to a more critical and congested situation here. In this area, the interference and co-existence scenario is different and more complex than it was before:
In the frequency range below 790 MHz the DVB-T transmitters and other applications are more spaced more close than before the vacation of the 800MHz range. 

Since the initial generation of this report radio microphone technology in the UHF range has evolved. Depending on the operating conditions, a higher number of systems can be deployed into a 8MHz TV channel.
Based on user demands, the switching bandwidth of the systems increased to typically 40-100MHz.
Coexistence with LTE 800 out of band emissions below 790MHz
With the implementation of LTE in the 800 MHz band, the band will suffer from severe interference problems from both LTE base station and user equipment out of band emissions and proximity blocking.
0.1.30 [bookmark: _Toc318901128]Radio Microphones in TV channel 38 (606 – 614 MHz)
UK only / partially in France / Italy countries where DTT is deployed in CH38 already some PMSE use based geographical restricted basis is allowed
[note] insert text here.
Other categories of audio SAP/SAB links envisaged in this band are in-ear monitors and portable audio links.
To ensure continued and reliable long term operation of radio microphones and other audio SAP/SAB links in this band it was deemed necessary to answer two major problems, associated mostly with future plans of conversion from analogue to digital TV:
· Identify possibilities and means of ensuring continued use of SAP/SAB in TV Bands IV&V after the introduction of digital TV, and in particular during analogue-digital simulcasting period;
· Develop solutions for more uniform access to the band for cross-border operations, like touring shows, etc.
Working towards solution of these problems, FM PT 27 had previously initiated some of necessary sharing studies, which were carried out in the SE PT 27 and now published as ERC Reports 88-90.
Details from manufacturers collected by the FM PT 27 suggested that it would be impracticable to produce one piece of multi-channel equipment, which would be capable of switching across the whole of TV bands IV&V, at that time the practical switching was only across some 3 TV channels. However at the time of writing this report, the switching range of radio microphones on the market already reached up to 6 TV channels, that is some 48 MHz.
FM PT 41 received further indications that this switching range may be extended up to some 100 MHz in the future, subject to actual demand from users. This extension of switching range may be seen as very important contributing factor towards improved co-existence between broadcasting services and SAP/SAB.
Replies to the questionnaire on future prospects of digital radio microphones showed that most of the manufacturers intend producing digital radio microphones for the band 470-862 MHz.

Assuming all these developments and high interest between manufacturers in exploiting the band 470-862 MHz for current and future SAP/SAB applications, this band should be seen as the vital contributor to satisfying long term demand for audio SAP/SAB applications.
However solutions for ensuring continued co-existence of SAP/SAB with broadcasting after and during introduction of digital TV should be further considered by CEPT, in close collaboration with the SAP/SAB industry. Further extension of switching range of equipment is one of these solutions, which already now may be explored to a larger extent.
0.1.31 [bookmark: _Toc318901129]LTE 800 duplex centre gap (823 – 832MHz)
reword/ rephrase]

By the time of revising this report (Autumn 2011) 27 CEPT countries have not implemented the use of radio microphones in this band. 
To mitigate the situation occurring in the 470-790MHz band, CEPT WG SE42 conducted studies on the possible use of the FDD centre gap in the 790-862MHz range. In the LTE duplex center gap, due to the high energy levels in the band, only about 2-3MHz could be used for PWMS. So the LTE duplex gap could at maximum be considered as replacement for 863-865MHz. 
As this gap does not exist in countries using TDD systems or countries using annex 2 of the draft ECC decision, this cannot be considered as a European harmonized substitution for the 60MHz now allocated to LTE systems. 
No studies available on the quality of the spectrum in the duplex gap ,  from the findings of the ETSI-Cenelec DD JWG Report[4], it can be concluded that the quality and usability is dependent on the specific situation, no general assessment can be made here.
0.1.32 [bookmark: _Toc318901130]Frequency band 863 – 865 MHz for wireless audio applications
Test results from a number of organizations which are available at [ETSI DD docbox link] suggest with the introduction of MFCN this band will become increasingly unusable in Europe due to the out of band emissions and proximity of terminal units to radio microphone installations.
The frequency range 863-865MHz is a European harmonized frequency range. The band is used by wireless microphones, tourguide systems, wireless language distribution systems and consumer applications such as wireless headphones, social and baby alarms.
From available information this band will become unusable as the LTE systems roll out through Europe.
[bookmark: _Toc318282420][note] insert text here.
0.1.33 [bookmark: _Toc318901131]Frequency band 1785 – 1800 MHz
By the time of the revision of this report all but 5 CEPT countries have implemented the frequency range for the use with radio microphones.
In WRC2003 the allocation for TFTS in the band 1800-1805MHz has been withdrawn. In early 2011, the specific standard for digital radio microphones in this frequency range (EN301840) has been withdrawn, as the latest version of EN300422[2] includes BEM for analog and digital transmitters (below and above 1GHz). By the time of the revision of this report SE7 is tasked to study the extension from 1800to 1805MHz under the consideration of the findings given in ERC Report 63[14]. 

With the deployment of MFCN in Europe the GSM1800 band was also identified as potential FDD band. The band 1785-1805MHz reflects its duplex center gap.The studies in SE7 also take into account the protection of MFCN base stations in this band. With the implementation of LTE1800, the same interference potential as for the 800MHz component is expected. 

Band will be major part of the future infrastructure of SAP/SAB.

Text from Report 32[5]
According to Annex 10 to ERC/REC 70-03 [6]and ERC/REC 25-10[8], the band 1785 to 1800 MHz may be available
for PMSE. In the band 1785-1795 MHz, individual license are required while the band 1795-1800 MHz may be used on an
unlicensed basis. However, there is no past or present use of this band and no known plans for this to change.
The propagation condition is less good in this band compared to the VHF / UHF band, therefore the number of potential
applications is quite limited. Some equipment is now available.
This band is also used in some countries for other usages such as governmental applications. In addition, some countries
are also considering the deployment of WAPECS systems.
In addition, WG FM is currently studying the possibilities for the implementation of the frequency bands 1800-1805 MHz
into Annex 10 of ERC/REC 70-03[6]for professional radio microphones

[note] revise / redo this para …
After much searching by the Project Team FM PT 27 the band 1785-1800 MHz was identified as a candidate for harmonised allocation for future (digital) radio microphones. This band is positioned between GSM–1800, operating in the lower adjacent band 1710-1785 MHz and TFTS allocation in the upper adjacent band at 1800-1805 MHz.
Consequent compatibility studies, conducted by SE PT27, showed that a guard band at each end of the new band would be necessary in those countries using GSM-1800 and TFTS. The usable band for radio microphones was therefore effectively limited to 1785.7-1799.4 MHz, to protect GSM-1800 operations at the lower band edge and radio microphones from the airborne transmission leg of TFTS at the upper band edge. A licensing procedure was also established in some countries to protect the TFTS ground stations’ receive facility, as well as to ensure protection of in-band radio relay operations.
The above identification was ultimately confirmed through the provisions of CEPT Recommendation 70-03. The relevant technical characteristics and measurement procedures are described in the ETSI standard EN 301 840 (digital radio microphones) and EN 300 422 (analogue radio microphones).
However this band still presents a challenge to manufacturers of professional radio microphones in designing and developing new equipment to the common harmonised standard. At the same time, it also provides marketing and use opportunities across most of Europe. In order to gather actual information on the level of implementation of this band for radio microphones, the FM PT 41 has collected data from CEPT Administrations by means of specially developed for this purpose questionnaire, in October 2001. Responses from 23 CEPT administrations were received and only 2 of those indicated substantial restrictions to introduction of radiomicrophones in the band.
More detailed review of responses has shown the general positive attitude of CEPT Administrations to the radiomicrophones in this band and wide degree of acceptance of relevant provisions of CEPT Recommendation 70-03 and EN 301 840. Summary of those responses is reproduced in Annex 2 to this report.
This positive attitude from CEPT Administrations was echoed by the radio microphone manufacturers, majority of whom in their replies to the aforementioned questionnaire on prospects of digital radiomicrophones, indicated that they intend to produce digital radio microphones for this band.
If all these expectations become true and the band 1785-1800 MHz becomes to a large extent used for radio microphones, this would provide a significant part of long-term solution for ensuring continued and uniform pan-European use of radio microphones.
Band will be a major part of the future infrastructure of SAP/SAB.
0.1.34 [bookmark: _Toc318901132]Conclusions
[note] revise / include additional bands in the conclusion
Revise this para.
The wide variety of audio SAP/SAB links, in particular radio microphones, are deployed in the tuning ranges identified for audio SAP/SAB in general and radio microphones in particular.
Of these tuning ranges, the band 174-216 MHz seems to be losing its importance for future SAP/SAB applications, but because of large base of existing equipment, its identification as SAP/SAB tuning range should be maintained for the time being.
The band 470-862 MHz appears as the vital tuning range for audio SAP/SAB applications, where most of existing and future SAP/SAB use is concentrating. Even with future exploitation of the 1800 MHz band for radio microphones, the pressure on the band 470-862 MHz is not likely to decrease significantly, as the band 1785-1800 MHz will satisfy only part of the overall SAP/SAB demand in the UHF range. Therefore identification of the band 470-862 MHz as a tuning range for audio SAP/SAB applications should be reinforced. In particular, some further measures for ensuring long-term co-existence with TV transmissions during and after conversion to DVB-T should be considered. One of such measures - widening of switching range of equipment, already seems technically feasible.
The band 1785-1800 MHz is another solution for long-term uniform use by radio microphones, most CEPT Administrations have already declared their commitment to allow radio microphones to this band. When equipment becomes available for this band, it is likely to satisfy a significant portion of overall demand for audio SAP/SAB applications, such as radio microphones and IEM.
Provisioning of frequencies for portable, mobile and temporary point-to-point audio SAP/SAB links will continuously demand flexible approach, requiring accommodation of higher power links in VHF/UHF ranges, including PMR bands.
[bookmark: _Toc318901133]FREQUENCY BANDS FOR TALKBACK APPLCIATIONS
note: ask for decision form FM51 plenary on development of a questionnaire to administrations 
On  a) licensing / b) frequency ranges available ]
c)application forms : where available ? available in what language ?
d)current situation / future perspective 2013 and 2020

”single market” approach <>current situation 
Request for a single application form for electronic working for PMSE licenses  througout Europe 
Existing restrictions in licensing regimes need to be removed

To ask FM51 plenary for decision on the Develop recommendation for such a standard form 



Revise this para: the follwoing points should be considered

The regulation for some PMSE applications is covered under ERC/REC 70-03[6]some PMSE applications fall under the  SRD definition where as others are not covered thereo SRD
in the above chapters the brought number of PMSE applications was described,
The regulatory framework varies by application and by country.
national regqulatory regimes vary, no general approach 

The table indicates the PMSE applications (as listed in Chapter 1) and their regulatory treatment.
???
	PMSE applications
	SRD
	Other
	Relevant regulation

	Radio microphone
	Yes
	
	ERC/REC 70-03[6]
ERC/REC25-10[8]

	In-ear monitor
	Yes
	
	ERC/REC 70-03[6]
ERC/REC25-10[8]

	Audio link
	No
	Individual 
License 
	

	Portable audio link
	No
	Individual 
License
	

	Mobile audio link
	No
	Individual 
License
	

	Temporary point-to-point audio link
	No
	Individual 
License
	

	Cordless camera
	
	
	

	Portable video link
	
	
	

	Mobile airborne video link
	
	
	

	Mobile vehicular video link
	
	
	

	Temporary point-to-point video links
	
	
	

	Talk-back
	
	
	

	Telecommand/remote control
	
	
	



[note: this text needs to be updated/ brought in line to reflect the current situation]
Licensing of the SAP/SAB equipment and users demands specific attention by Administrations and should differ from the licensing regime of other radiocommunications services. This is because of the typically sporadic pattern of use of SAP/SAB equipment, requiring either some forms of general authorisations or setting up of individual temporary licensing with short application processing times.
Different administrations address these problems differently and solutions range from general authorisation (blanket licence) to outsourcing of SAP/SAB licensing functions to specialised companies, providing user tailored licensing services at short notices.
However at least one case requiring certain degree of harmonisation is the licensing of visiting foreign ENG/OB teams at short notice. In case a host Administration does require individual licences and either do not recognise a licence issued in country of origin of ENG/OB team or frequencies have to be co-ordinated, then some simplified procedures would be beneficial.
One solution is promotion of harmonised form for SAP/SAB applications. The current model SAP/SAB application form in Annex 4 of ERC/REC 25-10[8] may be used as a basis and should be updated during the planned revision of ERC/REC 25-10[8]. This update should aim at producing more informative fields and making application form better suited for electronic submissions and administrative handling.
[bookmark: _Toc318901134]PMSE: ECONOMIC ASPECTS
Note: Full text needs to be developed for this section, reflecting:

· -general notes on economic aspects/ discussion between economic and social benefits from [17], sections 3.2.3 and 3.3
· -add remarks on econmic aspects of large events like Olympic games / world soccer champion ship / eurovision song contest
· -discussion on the fact that PMSE usage is involved in cultural / socio economic events , that cannot be directly transferred into factors in an economic assessment of spectruurm usage
· 
· Some examples for the economic aspects are provided in Annex 
PMSE use / activities cover a range of definitions: the use of PMSE equipment might be in both categories, depending on the actual situation.
No matter of the nature of use, both categories contribute and provide cultural and social value to citizens. 
>PMSE use that does not derive economic revenue
NOTE: refer to interferenceissues in 863-865MHz[Would require dedicated subband, easy licensing]
House of worship / social center 
Schools / universities 
Amateur sports
Amateur theatres 
Fully private users: garage bands
Political meetings: local meetings 
Law courts 
>PMSE use that is linked to gain economic revenue: 
It is very difficult to obtain complete financial figures for the European Economy, however for 2 European countries the figures are some XXX Euros detailed information is given in Annex X some economic advantages have only become apparent in recent years and are not immediately obvious, an example of this is the avalanche of text revenues generated by voting in television and Eurovision shows.
Broadcasters/ film and advert production 
Eurovison song contest: XXXtext messages created XXX Euros 
TV programs: game shows/ shows with call viewer call in/ casting shows with viewer voting
Olympics 
World soccer championships 
Windham report: per each pound spent in theatre, 4 pounds are spent in the surrounding economy
Opera 
Political meetings: presidential election campaign/ G20 summit 
[bookmark: _Toc318901135]FUTURE PERSPECTIVES FOR PMSE APPLICATIONS
[bookmark: _Toc318901136]AUDIO APPLICATIONS
0.1.35 [bookmark: _Toc318901137]GENERAL CONSIDERATIONS
[NOTE: reword: put it not so negative]
[technology aspect]Whilst the earlier hopes for spectrum efficiency created by the use of digital technologies has not yet materialized and does not appear to be practical the driving force behind the use of digital radio microphones is the digitization of the audio chain in all aspects of programme making.
[NOTE]: make the lines 2-3 sentences, containing the belowremarksRemark on intermodulation / reverse intermodulation, details in Annex 2
Future developments resulting from the ETSI / German research work on digital cognitive radio microphones is the first attempt to provide the market place with a truly cognitive system for these devices. Information on this can be found at [GRSC docboxlink] Timescales for the development of these systems are likely to be in the 3-6 year period. Introduction of these systems into the general market place would take a further time span of at least 5 years, therefore current allocations cannot be based on the efficient use of spectrum of these systems.
[NOTE: elaborate ]
Application  quality requirements  spectrum 
Applications that can tolerate a certain amount of interference can be deployed in spectrum that has a higher noise level than other applications that don´t tolerate any interference spectrum with lower noise level
[note] explain technical developments over the years
See section 4
[note]Technology hasn´t solved the problem of no spectrum



Analog transmission chain 
Cannot tolerate interference 
No latency introduced

digital transmission chain :
[definition of digital transmission chain to be provided by GL]
Trade off: either High audio quality or less interference issues 
Introduced interference is handled by error correction mechanisms and the modulation scheme 
There is some Introduced Latency that might restrict the applicability 

0.1.36 [note]: to be provided by Wolfgang (ETSI STF386) New technology cognitive techniques?
0.1.37 [bookmark: _Toc318901139]SPECTRUM UNDER CONSIDERATION
[bookmark: _Toc318901140]L-Band 1452-1518518MHz
Full range of the L-Band would greatly assist in provision of facilities for the expansion of the industry.
The band 1452 – 1492 MHz is discussed in FM50.
0.1.38 [bookmark: _Toc318282431][bookmark: _Toc318901141]Future technologies
[bookmark: _Toc318901142]Cognitive technologies
The implementation of cognitive technologies will help improving spectrum sharing of PMSE with other services 
Future developments resulting from the ETSI / German research work on digital cognitive radio microphones is the first attempt to provide the market place with a truly cognitive system for these devices. Information on this can be found at [GRSC docboxlink] Timescales for the development of these systems are likely to be in the 3-6 year period. Introduction of these systems into the general market place would take a further time span of at least 5 years, therefore current allocations cannot be based on the efficient use of spectrum of these systems.

[NOTE: elaborate ]
[note]: to be provided by Wolfgang (ETSI STF386) New technology cognitive techniques?
8.1.3.2	Digital wireless microphones 
[bookmark: _Toc318282432][bookmark: _Toc318901143]VIDEO APPLICATIONS
Satellite phones often use for news gathering, insufficient quality is accepted in this type of application 
Video over MFCN networks GL to provide material on this
Are there Future developments on digital ? [how is video and speech synchronized ?]
[note: Reinhard to provide text here]
[bookmark: _Toc318901144]TALK BACK APPLICATIONS
Brian to provide material on this
[bookmark: _Toc318282434][bookmark: _Toc318901145]OVERALL CONCLUSIONS OF THE REPORT
Amongst the many findings of this report, the following appear to be the most significant overall conclusions:
(1) It is suggested that CEPT adopts a unified and logically inter-linked set of definitions of various applications and technologies in the SAP/SAB area, as described in Fig. 3 of section 1 of the report;
(2) It is shown that while the actual demand for SAP/SAB spectrum varies significantly between different countries, different programme makers and different events, the overall trend is that of steady increase of SAP/SAB demand in most of the sectors. Administrations are invited to base their forecasts of the near/long-term demand for different SAP/SAB applications on the information provided in Tables 4 and 5, section 3 of the report;
(3) At the time of writing this report, the actual impact of digital technologies on the future of SAP/SAB was not entirely clear, as digital SAP/SAB equipment was only about to be tested or in the conception phase. Even the potential benefits of digital technologies were not yet fully apparent to the industry, in particular for radio microphone applications;
(4) However, based on the theoretical simulations and some of early tests, the report shows that the introduction of digital technologies could mean higher spectral efficiency of SAP/SAB equipment. This might be achievable through the reduction of channel bandwidth for video links and easing of intermodulation constraints (hence more dense co-location) for radio microphones. For details refer to section 4;
(5) Overall consideration of frequency bands for SAP/SAB applications has proved that SAP/SAB use is highly divergent and irregular across various CEPT countries. Because of this, only limited harmonisation may be achievable. Recognising the impracticality of exclusive allocations the concept of tuning ranges should be pursued as the main means of harmonising SAP/SAB spectrum use;
(6) In reviewing frequency bands for video SAP/SAB links, the preferred sub-bands were identified where possible. These (if available in particular country) should be used as a first choice option in assigning frequencies for SAP/SAB, in particular for occasional/temporary use;
(7) The potential interest in identifying the frequency band 2700-2900 MHz for one type of SAP/SAB applications – digital cordless cameras with 0 dBW output power was confirmed. This would significantly ease the pressure on the SAP/SAB bands below 2500 MHz, which could then be better exploited for high mobility SAP/SAB applications. However conditions for use of the band 2700-2900 MHz by cordless cameras, if proved possible at all, are to be established by the FM PT 31, taking account in particular of the outcome of relevant SE PT 34 studies;
(8) Consideration of frequency bands for audio SAP/SAB applications, notably radio microphones, showed that the main interest of SAP/SAB industry is currently concentrating on the band 470-862 MHz, which should remain a vital tuning range of SAP/SAB operations for the foreseeable future. Therefore some solutions should be further considered for ensuring continued co-existence of SAP/SAB with primary broadcasting services in the band, in particular during and after their conversion to DVB-T. One of such already exploitable solutions is extension of switching range of radiomicrophones beyond that of currently marketed equipment (3-6 UHF TV channels);
(9) The band 1785-1800 MHz is likely to make a large contribution to satisfying spectrum demand for radio microphones, in particular as a long term solution for truly pan-European operations (touring shows, etc.). This would help to relieve the pressure for SAP/SAB use in the band 470-862 MHz;
(10) The model application form for SAP/SAB licence applications should be promoted. The existing CEPT proposal for such a form in Annex 4 of the ERC/REC 25-10[8] should be used as the basis, but updated during the revision of ERC/REC 25-10[8] so that it contains more information and is better suited for electronic submissions and administrative handling.
(11) Note: future evolution of PMSE technology should be included:
Analogue versus Digital
Analogue versus Cognitive
Technology versus Applications



[bookmark: _Toc318901146]TECHNICAL PMSE CHARACTERISTICS, RELEVANT FOR REGULATORY CONSIDERATIONS
parameters for  radio microphones, In Ear Monitors (IEM) and audio links
Radio microphones normally use wide band frequency modulation to achieve the necessary audio performance for professional use. For the majority of applications the transmitted signal requires a channel bandwidth of up to 200 kHz.
IEM equipment is used by stage and studio performers to receive personal fold back (monitoring) of the performance. This can be just their own voice or a complex mix of sources. The bandwidth requirement of professional IEM equipment is up to 300 kHz.
The comparison of different specifications and operational requirements of radiomicrophones, IEM and audio links  is given below in Table 14.
Comparison of Radiomicrophones  In Ear Monitors and Audio Links
	Characteristics
	Radio Microphones
	IEM (In ear monitors)
	Audio Links

	Application
	Voice (Speech, Song),Music instruments
	Voice or mixed feedback to stage
	ENG/ OB , voice

	Transmitter
	

	Placement of a transmitter
	Body worn or handheld
	Fixed Base
	Body worn/vehicle mounted

	Power source
	Battery
	AC Mains
	Battery

	Transmitter RF-Output power
	Below 50 mW
	Below 50 mW
	Above 50mW up to below 25W

	Transmitter audio input
	Microphone or line level
	Line level
	Microphone or line level

	Receiver
	

	Placement of a receiver
	Fixed/Camera mounted
	Body worn
	Fixed / vehicle mounted

	Power Source
	AC mains/Battery
	Battery
	AC mains/Battery

	Receiver audio output
	Line level
	Earphone
	Line level/Earphone

	Receiver type
	Single or diversity
	Single or diversity
	Single or diversity

	General
	

	Link scheme
	Uni-directional
	Uni-directional
	Bi-directional
Plus talk back channel

	Battery/power pack operation time
	>4 - 10 h
	>4 - 10 h
	>4 - 10 h

	Typical Audio frequency response
	≤20 to ≥20.000 Hz
	≤80 to ≥15.000 Hz
	Link to base:≤20 to≥20.000 Hz
Foldback to mobile unit: 12,5kHz 

	Audio mode
	Mono
	MPX-Stereo
	2 way Mono

	RF frequency ranges
	TV bands III/IV/V, 1.8 GHz (note 1)
	TV bands III/IV/V, 1.8 GHz (note 1)
	TV Bands I/ III/IV/V, 1.8 GHz

	Signal to noise ratio (optimal/possible)
	>100/119 dB
	>60/110 dB
	>100/119 dB
Talk back link: lower

	Dynamic range of the af link
	117dB
	Typical 90dB 
	115dB
Talk back link: lower

	Modulation
	FM wideband as well proprietary digital modulation
	FM wideband as well proprietary digital modulation
	FM wideband as well proprietary digital modulation
Talkback link: FM narrow

	RF peak deviation (AF = 1 kHz)
	±50 kHz
	±50 kHz
	±50 kHz
Talkback link: voice quality

	RF bandwidth
	≤200 kHz (note2)
	≤300 kHz legacy equipment 
≤200 kHz modern equipment (note2)
	2 times <200kHz
plus 12.5kHz

	Useable equipment/channel (ΔRF = 8 MHz)
	>12
	6…8
	Not applicable


Note 1: radio microphones and IEM may be also used in 863-865 MHz if complying with either EN 301 357[3] or EN 300422[2] (10mW)
Note2: modern systems are regularly well below these figures, but legacy equipment requires a higher bandwidth identified above
Intermodulation, Reverse Intermodulation, WSD and PMSE
Radio Microphones and In Ear Monitors (IEM) are unusual in the radio world in that large numbers of transmitters (in excess of 80 at a large show), operate simultaneously for a number of hours and in very close proximity, in many cases within centimeters of each other 

This document provides information on the current situation and why uncontrolled use of WSD near PMSE installations will be a major problem to Broadcasters, Theatres, Studios, conferences, houses of worship and large events 

It should be borne in mind that all radio microphones and IEM,s will be switched on prior to the start of a performance and not switched off until the audio or recording system is shut down to prevent clicks and bangs being sent to the audio amplification or recording system 

Intermodulation occurs when two or more radio signals combine together. In radio microphone and In Ear Monitor applications this is a critical consideration.

Radio microphones and IEMs are typically wideband FM systems, although radio microphone systems using digital technology do exist. Contrary to popular belief the digital systems are not completely immune to problems with intermodulation but the way in which they are affected is different from their analogue counterparts. For the most part we will deal with analogue systems here since they represent both the majority in current usage and the bulk of the equipment currently available on the market.

Intermodulation can occur anywhere in the radio system, 
· in the transmitter,
· in the receiver,
· in ancillary RF equipment or in the environment. 

Manufacturers can control the contribution that each element of their equipment makes to a large extent and significant differences in performance exist between different brands and models of PMSE equipment in respect of the levels of intermodulation produced and the levels of tolerance they have to intermodulation interference. However, since intermodulation can also occur elsewhere than within the radio microphone equipment it cannot be completely eliminated and therefore the best possible mitigation is to avoid the consequences of interference from any possible intermodulation wherever possible. Once an intermodulation product exists in the environment, regardless of how it originates, it is just another interference source and the effect that it will have on a receiver can be predicted to a large extent by reference to the C/I performance of the receiver. 
The number of intermodulation products present rises exponentially as the number of carriers’ increases. Consequently the number of clean frequencies available within a given bandwidth declines rapidly as the number of carriers increases. The strength of the received signal from a radio microphone at the receiving antenna(s) varies widely as the transmitter moves around.  Frequently the strength of the ‘wanted’ signal at the receiver will be less than that of one or more unwanted signals on adjacent frequencies, be they signals from other radio microphone transmitters which are in more favourable locations than the source of the ‘wanted’ signal, or intermodulation products. 

In practice it is frequently the case that the wanted radio mic signal is one of the weakest at the receiving antennas since during many types of event at various times a single performer or group of performers may be on stage and therefore at a distance from the receiving antennas when the remainder of a 
shows cast are off stage and therefore their transmitters are closer to the receiving antennas.

Since intermodulation must exist at some point in all radio communications systems where there are multiple simultaneous transmissions many RF practitioners are often puzzled as to why it is such a major preoccupation for those involved in PMSE. To understand this one needs an appreciation of the circumstances in which intermodulation becomes the problem. In the majority of communications systems either only voice quality (300-3400Hz) or data with check algorithms are in use. For PMSE two major contributors are the wide audio bandwidth and wide audio dynamic range (or audio signal to noise ratio) of professional wireless microphones and IEMs. Radio microphones typically have audio frequency responses ranging from 20Hz up to 20 kHz and signal to noise ratios exceeding 100dB. Consequently a low level heterodyne that might present no problem and even go completely unnoticed in other types of radio communications will be considered harmful interference in PMSE applications (e.g. a 12.5kHz heterodyne which demodulates as a whistle at –40dB will not be apparent in a PMR system since it will be outside the audio frequency range and also close to the audio noise floor but it will be very obvious in a radio microphone system). Since radio microphones are at the start of the audio production chain any interference at this point affects the entire downstream audience. Since in practice the likely sources of the signals which have combined to produce a particular intermodulation product will themselves be carrying modulation the intermodulation product will also carry a combination of the contributors modulation, more often than not this makes it even more audibly obtrusive. The ultimate audio output of an event whether broadcast, recorded or live will frequently also be a combination of the audio output from more than one radio microphone summed together and so will contain the sum of any interference experienced by those radio microphones.

The problems can be exacerbated in IEM systems by a number of factors. When operated in Stereo mode – the default for Live Music performers – the demodulated bandwidth of the IEM receiver is necessarily considerably larger than for a mono radio microphone (or an IEM receiver operating in Mono mode). The operation of the multiplex stereo system using a 38kHz sub carrier to carry the L-R difference information means that the receiver is susceptible to disturbance by interference that demodulates as baseband frequencies up to at least 53kHz which are then rendered audible by the multiplex decoding process. In live music use the IEM receiver feeds high performance audio transducers inserted in to the ear canal of the artist’s ears, consequently the smallest disturbance is conducted directly to the performer’s ears which at the very least can be distracting for them and far more serious in the case of severe interference. Additionally IEM receivers are necessarily small battery powered devices and consequently are restricted in terms of antenna, space and energy resources which in turn can restrict their RF performance in comparison with what can be achieved by a top-of-the-range mains powered rack mounted radio mic receiver. Until quite recently IEM receivers did not feature diversity reception, although newer models do now benefit from this technology.

[bookmark: _Toc318901147]Reverse Intermodulation

The term reverse intermodulation describes the situation that occurs when RF enters the output of an RF amplifier such as the output stage of a transmitter where other signals in the ‘ether’ are received via the transmitting antenna. Since the output is not designed to deal with signals being presented in this way mixing occurs between the ‘received’ signals and also the signal that the amplifier is amplifying. In general the more linear the amplifier the less reverse intermodulation will occur, up to a point. If the ‘received’ signals are sufficiently large then overload will occur. In a small battery powered device designed to output only a few tens of milliWatts this is quite a realistic proposition in the presence of higher powered transmitting devices particularly if they are operating in or near the same frequency band.

[bookmark: _Toc318901148]Mitigation Techniques

In permanent base station installations there are a number of standard practice techniques that are commonly used which reduce intermodulation between multiple co-sited transmitters. A transmitter which is going to operate long term on a single frequency can have output filters, either internally or applied separately as part of the installation, these filters may be multi pole and have a high Q and these can contribute considerably to the reverse intermodulation performance. Ferrite isolators or circulators commonly used to combine transmitter outputs or to protect transmitters against antenna damage also produce dramatic improvements in reverse intermodulation performance at base station sites. Even antenna feeder cable loss has a beneficial effect in reducing the generation of reverse intermodulation products since it attenuates both the ‘received’ contributors travelling from the antenna to the transmitter output and also the resulting intermodulation products on their way back to the antenna.
Unfortunately most of these techniques are not suitable for small portable battery powered devices with a wide tuning range such as radio microphones. Each contributes weight, size, reduced efficiency or a combination of all three. Highly selective filters band pass filters in radio microphone transmitter output stages were once common in high end professional devices when they operated on a single crystal controlled frequency (>20 years ago). The need for more frequency agile devices with wider tuning ranges means that modern equipment has to take a different approach with wider pass band filtering and linear output amplifiers instead. Miniature ferrite isolators do exist but have limited bandwidth thus limiting the tuning range of any equipment in to which they are incorporated and they also add size and weight which are both undesirable. A simple attenuator between the transmitter output and the antenna can deliver reverse intermodulation performance improvements without imposing significant weight or size penalties, but the affect on efficiency and therefore battery life are readily apparent and therefore not necessarily desirable.

[bookmark: _Toc318901149]Frequency Planning

Since ultimately intermodulation cannot be completely prevented or controlled, the solution adopted by the PMSE industry is to plan frequency usage so as to avoid the predictable consequences of interference which would result from intermodulation as far as is reasonably possible. 
If a number of carriers are evenly spaced in frequency then mutual interference due to intermodulation can be predicted. If just three carriers are each spaced evenly then two of the three carriers will be vulnerable to interference from 3rd order two tone intermodulation products.
For ten, evenly spaced, carriers the number of two tone 3rd order products which will occur directly on the carrier frequencies is forty, evenly distributed at four per carrier frequency. If we start to look at higher order intermodulation products and higher numbers of tones, although the products will individually be predictably smaller in signal strength, they will be more numerous in quantity and the cumulative effect cannot be ignored in systems with multiple transmitters. So far we have only considered the carrier frequency and assumed zero bandwidth. Once we enter the real world then we have to consider the situation where any intermodulation products which occur within the receiver channel bandwidth can also be a source of interference. How far in frequency from the carrier frequency an intermodulation product can be before it can be ignored is a major differentiator between different brands and models of PMSE equipment. For many events and locations where PMSE equipment is present there may be a mixture of makes and models of equipment in use which further complicates the frequency planning. In a multi channel system using frequency spacing which is equal to the channel spacing plus a fraction of a channel spacing will still result in intermodulation products which are within the channel bandwidth. As a simple rule of thumb the spacing between any two frequencies in a system must be different to that between any other pair of frequencies.

[bookmark: _Toc318901150]Multi-venue sites

At sites where multiple venues are clustered together such as TV studio complexes (e.g. BBC TV centre), conference centres (e.g. Queen Elizabeth II Conference Centre), theatre complexes (e.g. Royal National Theatre) we also have to consider the effect that events in one area of the complex may have on another. Radio microphones are portable transmitters which may travel around a venue (or beyond) outside the coverage of their receivers such as when an actor returns to the dressing room between scenes or a conference speaker leaves the room between presentations. The dressing room or the route to it may be adjacent to another studio, the conference centre bar maybe adjacent to another conference room. Taking the frequency planning for each venue on site solely in isolation exposes the receivers in each venue to the danger of intermodulation created by the proximity of a transmitter (or transmitters) from another area coming within range of the receivers. Careful planning can and does eliminate these risks allowing unhindered mobility of event participants and their radio microphones. Similar risks exist where IEMs are used in multiple adjacent venues, but since in this case the transmitters are usually fixed in their location the situation is more controlled.
Conversely sites such as schools and universities which may have as many as forty or fifty wireless microphones distributed around a single campus need not be completely ‘intermodulation free’ allowing greater apparent spectral efficiency. Typically such institutions will have only a number of locations within them that have any concentrations of radio microphones, such as one or two individual lecture theatres with maybe six or eight radio microphones each. The balance of the systems will be distributed around the site in ones or twos. So long as those systems which are used together or are adjacent to each other are intermodulation free then usually all will be well since the transmitters will normally remain in or around the areas where their receivers are located.
In all of the above however the common factor is that the distribution and use of PMSE radio frequencies in and around a site is known and the ‘worst case’ scenario of everything being in use at once can be assessed, calculated and allowed for.

[bookmark: _Toc318901151]Digital PMSE

Whereas the effects of intermodulation or any form of interference may become apparent and a nuisance to analogue PMSE services at even relatively low levels the onset may be gradual and the noticeable degradation in performance as levels of interference increases gives some warning of impending problems. Low levels of interference under certain circumstances such as in location news gathering may be deemed acceptable even when noticed if the alternative is no sound at all. 

By comparison low levels of radio interference may not be evident in the audio output of a digital radio microphone until the C/I ratio degrades up to or very near the point at which the audio output is suddenly lost or corrupted beyond recognition; in short, digital systems do not fail gracefully. Far from being completely immune to intermodulation issues, as with most analogue or digital dilemmas, the choice is between managing the quantifiable audible intrusion of increasing interference or catastrophic loss of audio with little or no warning. Both will suffer interference as a result of intermodulation in some way. Different digital modulation schemes used by different manufacturers exhibit different levels of tolerance to interference as do different hardware architectures meaning that there is just as much variation in the effects of intermodulation in different digital systems as in different analogue systems overall.

[bookmark: _Toc318901152]WSD and PMSE

The PMSE industry relies on frequency planning at many levels. TV broadcast frequencies are known and do not vary short term. Event staff, venue staff, producers, manufacturers, rental houses, licencing bodies, etc. are able to work together and coordinate even extremely complex events such that interference noticed by the audience is rare enough to draw comment if and when it occurs. It will not be possible to include White Space Devices (WSD) and the frequencies on which they operate in the planning for events or fixed sites, therefore the risk of interference from these devices is significant even when they are transmitting on apparently un-used frequencies. As described earlier since the number of intermodulation products rises exponentially with the number of carriers the risk of interference rises exponentially with the number of WSD operating in or around a given location. The risk of reverse intermodulation between transmitting devices is dramatically increased by their mutual proximity. In the case of WSDs being small personal devices being carried on the person it is quite easy to see how large numbers could be brought into very close proximity to each other at any number of locations including at or near locations where PMSE equipment is being used.

[bookmark: _Toc5518699][bookmark: _Toc318282440][bookmark: _Toc318901153]NATIONAL USAGE OF BANDS FOR VIDEO SAP/SAB LINKS WITHIN CEPT COUNTRIES AT JUNE 2001
Add new material from draft ECC Rep 173 
Use input from questionnaire to update material on these bands

The following tables provide information on nationally used frequencies for video SAP/SAB links, as valid for June 2001. Most of this information was reported by relevant Administrations to the FM PT 41, some additional data was extracted from the ERO study on Fixed Service use, September 2001. The information from this annex was used in discussions on inventory of frequency bands, given in Section 5.1 of the report.

Information on national use of the band 1785-1800 MHz by radio microphones is given in the following Annex 2, information on use of the bands 174-216 MHz and 470-862 MHz by radio microphones may be found in information annexes of the ERC Recommendation 70-03.

2025-2110/2200-2500 MHz
	Country
	National use of ENG/OB
	Use statistics
	Remarks

	Albania
	No
	
	

	Austria
	Future ENG/OB in 2070-2110 MHz;
3 channels in 2245-2399 MHz
	
	

	Czech Republic
	3 channels between 2300-2400 MHz
	
	

	Denmark
	5 channels within 2310-2394 MHz for wireless cameras
	5 licences
	

	Estonia
	No
	
	

	Finland
	4 channels in 2300-2400 MHz
	8 licences
	

	France
	6x10 MHz for digital links in 2000-2500 MHz. Additional 2x10 MHz in Paris area.
Occasional access to 2200-2290 MHz.
22 MHz channel at 2470 MHz for analogue G-A&G-G links, shared with military (not to be used after 1/1/2005) or 2x10 MHz channels at 2465&2475 MHz.
	320 temporary*
	Agreement with space operation services

	Germany
	3 channels in 2.32-2.40 GHz
5 channels in 2.4-2.4835 GHz
	80 licences
	NPNI basis in ISM band

	Italy
	ENG/OB allowed in 1900-2025, 2040-2110, 2120-2300 and 2483.5-2500 MHz
	
	

	Latvia
	In 2.3-2.4 GHz
	
	

	Lithuania
	7 channels in 2300-2500 MHz for portable links and cordless cameras
	
	

	The Netherlands
	10x25 MHz channels for ENG/OB
	
	Future sharing with TRRL in parts of 2025-2290 MHz

	Norway
	2025-2110 MHz for p-mp fixed and mobile video ENG/OB links, 2200-2290 MHz – for mobile video ENG/OB links
2337-2393 MHz for mobile video links
	
	

	Portugal
	12 channels in 2300-2480 MHz
	
	

	Slovak Republic
	ENG/OB allowed in 1880-2110 MHz
	
	

	Slovenia
	8x25 MHz channels
	20 licences
	

	Switzerland
	Cordless cameras, down to 1350 MHz
	
	

	UK
	2390-2500 MHz on a shared basis
	6 permanent
400 temporary**
	

	Notes:
  *In France number of temporary licences issued between Oct-1999 and Sept-2000, 99% of licences are for less
    than 48 hours duration
**In UK number of temporary licences issued in 12 months period prior to end of March 2001, 99% of licences
    are for less than 6 days duration

	



2500-2690 MHz
	Country
	National use of ENG/OB
	Use statistics
	Remarks

	Albania
	No
	
	

	Austria
	No
	
	

	Czech Republic
	No
	
	

	Denmark
	10 channels within 2520-2670 MHz
	20 licences
	UMTS in future

	Estonia
	No
	
	

	Finland
	1 channel centred at 2586 MHz
	4 licences
	No new licences

	France
	22 MHz channel at 2510 MHz for G-A&G-G use, shared with military (not to be used after 1/1/2005)
	460 temporary*
	

	Germany
	No
	
	

	Italy
	In the bands 2500-2520 & 2667-2690 MHz
	
	

	Lithuania
	No
	
	

	The Netherlands
	Currently 5 x 25 MHz channels
	
	Licensing FWA, UMTS after 2007

	Norway
	No
	
	

	Portugal
	10 channels across the band
	
	UMTS in future

	Slovenia
	Future digital ENG/OB 
	
	Shared with FS

	Switzerland
	Portable/mobile ENG in 2520-2670 MHz
	
	

	UK
	2500-2690 MHz on a shared basis
	24 permanent
511 temporary**
	UMTS in future

	Notes:
  *In France number of temporary licences issued between Oct-1999 and Sept-2000, 99% of licences are for less
    than 48 hours duration
**In UK number of temporary licences issued in 12 months period prior to end of March 2001, 99% of licences
    are for less than 6 days duration




3400-3600 MHz
	Country
	National use of ENG/OB
	Use statistics
	Remarks

	Albania
	Co-ordinated occasional use
	
	

	Austria
	No
	
	FWA planned

	Czech Republic
	No
	
	

	Denmark
	No
	
	

	Estonia
	No
	
	

	Finland
	No
	
	FWA in use

	France
	2 exclusive 10 MHz channels for digital ENG/OB centred at 3405 & 3600 MHz
	100 temporary*
	FWA in use

	Germany
	No
	
	FWA in use

	Italy
	No
	
	

	Lithuania
	Co-ordinated occasional use
	
	

	The Netherlands
	No
	
	Only FS/FWA

	Norway
	no
	
	FWA in use

	Portugal
	no
	
	FWA in use

	Slovenia
	No
	
	FWA planned

	Switzerland
	Mobile ENG/OB may access 3410-3600 MHz on a co-ordinated basis with FWA
	
	FWA in use

	UK
	3400-3420 MHz and 3500-3600 MHz for ENG/OB on a shared basis with military
	No permanent
1250 temporary**
	Some FWA plans

	Notes:
  *In France number of temporary licences issued between Oct-1999 and Sept-2000, 99% of licences are for less
    than 48 hours duration
**In UK number of temporary licences issued in 12 months period prior to end of March 2001, 99% of licences
    are for less than 6 days duration




4400-5000 MHz
	Country
	National use of ENG/OB
	Use statistics
	Remarks

	Albania
	Co-ordinated occasional use
	
	

	Austria
	4 channels in 4404-4516 MHz
4 channels in 4716-4828 MHz
	Future use
	In agreement with military

	Czech Republic
	No
	
	

	Denmark
	No
	
	

	Estonia
	No
	
	

	Finland
	Occasional ENG/OB links
	
	In future - FS

	France
	No
	
	ENG opposed

	Germany
	No
	
	ENG opposed

	Italy
	No
	
	

	Lithuania
	6x20 MHz channels in some regions, subject to prior co-ordination
	
	

	Luxembourg
	Co-ordinated occasional use
	
	

	The Netherlands
	Possible
	
	Sharing with military

	Norway
	No
	
	governmental

	Portugal
	No
	
	governmental

	Slovenia
	No
	
	governmental

	Switzerland
	No
	
	ENG opposed

	UK
	No
	
	




5250-5850 MHz (EU22)
	Country
	National use of ENG/OB
	Use statistics
	Remarks

	Albania
	No
	
	

	Austria
	No
	
	

	Czech Republic
	No
	
	

	Denmark
	No
	
	

	Estonia
	No
	
	

	Finland
	No
	
	

	France
	No
	
	ENG not opposed

	Germany
	No
	
	ENG opposed

	Italy
	No
	
	

	Lithuania
	No
	
	

	The Netherlands
	Temp. p-p video links in 5725-5850 MHz
	7 x 25 MHz ch.
	

	Norway
	no
	
	

	Portugal
	no
	
	

	Slovenia
	Possible future digital ENG/OB
	
	

	Switzerland
	no
	
	

	UK
	5 channels in 5472-5588
5 channels in 5682.5-5815
	2 permanent
448 temporary*
	Some geographi-cal restrictions

	Notes:
  *In UK number of temporary licences issued in 12 months period prior to end of March 2001, 99% of licences
    are for less than 10 days duration





10.00-10.68 GHz
	Country
	National use of ENG/OB
	Use statistics
	Remarks

	Albania
	ENG/OB allowed
	
	

	Austria
	15 channels in 10.0-10.2 GHz
	
	

	Czech Republic
	4 channels in 10.4-10.65 GHz
	
	

	Denmark
	5 channels in 10.5-10.65 GHz
	3 licences
	Plans for FWA

	Estonia
	No
	
	

	Finland
	5 channels in 10.0-10.15 GHz
1 channel centred at 10.427 GHz
	22 licences
1 licence
	

	France
	No
	
	

	Germany
	25 channels in 10.4-10.68 GHz
	
	

	Italy
	In 10.45-10.80 GHz
	
	

	Latvia
	In 10-10.15 GHz
	
	

	Lithuania
	7 channels in 10.3-10.5 MHz
	
	

	Luxembourg
	Used for ENG/OB
	
	

	The Netherlands
	In 10.35-10.68 GHz
	
	Sharing with temp. fixed links

	Norway
	In 10.3-10.5/10.562-10.702 GHz
	
	Used by NRK

	Portugal
	6 channels in 10.5-10.68 GHz
	
	Plans ENG/OB in 10.0-10.45 GHz

	Slovak Republic
	Temporary point-to-point in 10.3-10.5 GHz
	
	

	Slovenia
	ENG/OB possible in 10.3-10.45 GHz
	
	

	Switzerland
	ENG/OB allowed in the whole band
	
	

	UK
	In 10.3-10.36 GHz, shared with military
	No permanent
2118 temporary*
	Plans for FWA

	Notes:
  *In UK number of temporary licences issued in 12 months period prior to end of March 2001, 99% of licences
    are for less than 3 days duration




21.20-24.50 GHz
	Country
	National use of ENG/OB
	Use statistics
	Remarks

	Albania
	In 21.2-21.4, 22-23.6, 24-24.5 GHz
	
	

	Austria
	8 channels in 21.2-21.623 GHz
	
	

	Belgium
	In 21.2-22 & 22.6-23 GHz 
	
	

	Czech Republic
	4 channels in 22.6-22.7 GHz
	
	

	Denmark
	7 channels in 21.2-21.4 GHz
	4 licences
	temporary links

	Estonia
	In 21.2-21.4 GHz
	
	

	Finland
	In 21.2-21.4 GHz & 22.6-23 GHz
	
	

	France
	22 channels in 21.4-23.5 GHz
8 channels in 24.25-24.5 GHz
	
	

	Germany
	26 channels in 21.20-21.95 GHz
	17 licences
	

	Hungary
	In 21.2-21.4 & 22.6-23 & 24.25-24.5 GHz
	
	

	Italy
	In 21.2-22.3 & 22.768-23.338 GHz
	
	

	Latvia
	In 21.2-21.4 GHz
	
	

	Lithuania
	6 channels in 21.2-21.3 and 6 channels in 24.25-24.4 GHz
	
	

	Luxembourg
	In 21.2-21.4 GHz
	
	

	The Netherlands
	In 22.6-23 GHz
	
	Sharing with FS

	Norway
	No
	
	Some bands free

	Portugal
	No
	
	

	Slovenia
	Possible
	
	

	Switzerland
	p-p ENG/OB: 22.6-23.0/24.25-24.5 GHz;
cordless cameras across the band
	
	

	UK
	In 24.25-24.50 GHz
	
	not used so far






47.20-50.20 GHz
	Country
	National use of ENG/OB
	Use statistics
	Remarks

	Albania
	Possible
	
	

	Austria
	No info
	
	

	Czech Republic
	No info
	
	

	Denmark
	No info
	
	

	Estonia
	In 47.2-48.5 GHz
	
	

	Finland
	Possible
	
	Except HAPS bands

	France
	No info
	
	

	Germany
	No info
	
	

	Italy
	No info
	
	

	Lithuania
	Possible
	
	

	The Netherlands
	No info
	
	

	Norway
	No info
	
	

	Portugal
	No info
	
	

	Slovenia
	Possible
	
	

	Switzerland
	Cordless cameras allowed across band
	
	

	UK
	48.0-48.4 GHz for ENG/OB (100 MHz channels)
	1 temporary*
	Limited use short-range cameras

	Notes:
  *In UK number of temporary licences issued in 12 months period prior to end of Mar’01



[bookmark: _Toc318282442][bookmark: _Toc318901154][bookmark: _Toc5518702][bookmark: _Toc318282443]SUMMARY OF RESPONSES TO QUESTIONNAIRE ON INTRODUCTION OFDIGITAL RADIO MICROPHONES IN THE BAND 1785-1800 MHz
Note: introduce material from TG4, REC 70-03, then delete this annex
[NOTE: implementation status of this band is reflected in chapter 5, propose to delete whole annex]
NOTE: EN 301 840[7] has been withdrawn
The attached table presents a short summary of responses of CEPT Administrations to the questionnaire on prospects of introduction and attached regulatory regime for radio microphones in the band 1785-1800 MHz (actual limits of 1785.7-1799.4 MHz are set by necessary guard bands at the edges of the band).
The questionnaire was distributed and replies collected in October 2001.

	Country
	RM allowed
	Restrictions other than in CEPT/ETSI regulations
	Licensing basis for RM
	Regulations followed

	
	
	
	
	ERC/REC 70-03[6]
	EN 301 840[7]
	Other

	Austria
	Yes
	No
	General licence
	Yes
	Yes
	

	Belgium
	Yes
	No
	No licence
	Yes
	Yes
	

	Bulgaria
	Yes
	No
	No licence
	Yes
	
	

	Croatia
	Yes
	No
	Spectrum block
	
	Yes
	

	Denmark
	No (1)
	
	
	
	
	

	Estonia
	No (2)
	
	
	
	Yes
	

	Finland
	Yes
	No
	Individual licence(3)
	Yes
	Yes
	EN 300 422[2]

	France
	Yes (4)
	No
	General licence (4)
	Yes
	Yes
	EN 300 422[2]

	Germany
	Yes
	No
	Individual licence (3)
	Yes
	Yes
	

	Italy
	No (5)
	
	
	
	
	

	Latvia
	Yes 
	No
	Individual licence
	Yes
	Yes
	

	Lithuania
	Yes
	No
	Individual licence
	Yes
	Yes
	

	Luxembourg
	Yes (6)
	No
	No licence
	Yes
	
	

	Monaco
	Yes
	No
	Individual licence (3)
	Yes
	Yes
	

	Norway
	Yes
	No
	No licence
	
	
	EN 300 422[2]

	Poland
	Yes
	No
	No licence
	Yes
	Yes
	

	Portugal
	No (7)
	No
	
	
	
	

	Slovak Republic
	No (8)
	
	
	
	
	

	Sweden
	Yes
	Yes (9)
	Individual licence
	Yes
	Yes
	

	Switzerland
	Yes (10)
	No
	Individual licence
	Yes
	
	

	The Netherlands
	Yes
	No
	No licence from 2002
	Yes
	Yes
	

	Turkey
	Yes
	No
	No licence
	Yes
	
	

	UK
	Yes
	Yes (11)
	Individual licence
	Yes
	Yes
	



Notes:
(1) Denmark: currently radiomicrophones are not granted access to this band simply because there were no such requests. If and when such interest is identified, a national radio interface would be issued, radiomicrophones would be allowed on the licence exempt basis. ERC/REC 70-03[6] and EN 301 840[7] would be followed;
(2) Estonia: currently this frequency band is not allocated for radiomicrophones. Market demand is under study;
(3) Licence per radiomicrophone, but giving access to the whole band;
(4) France: regulation for radio microphones in the 1800 MHz is being prepared, to be published by ART by mid 2002. It foresees normally a class licence, however individual licensing may be used for special events. Terms of class licence would be based on ERC/REC 70-03[6];
(5) Italy: the frequency band is heavily used for military applications;
(6) Luxembourg: the band is for shared civil/military use;
(7) Portugal: future plans for the band are under study;
(8) Slovak Republic: the band is used for one way radio distribution of signals to radio broadcasting stations;
(9) Sweden: geographical sharing with military;
(10) Switzerland: the band is currently not yet designated for radio microphones, but Administration may do so once the necessary harmonisation measures are confirmed by CEPT through a Recommendation or Decision. Max erp 100 mW;
(11) UK: co-ordination with Home Office in 1790-1798 MHz.

[bookmark: _Toc318901155]Examples for spectrum licensing and use in certain event categories
Some expamples, showing the PMSE spectrum use at certain event categories are given on this section.
[NOTE: additional sections / events representing other types need to be included here].
large events
In this section, the licensing situation and PMSE spectrum use at the 2006 Olympic Games in Athens is given 

[image: ]
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large broacdcast event
NOTE: reference to 2011 ESC in Duesseldorf 
Refer to availabe material.
[bookmark: _Toc318901156]EXAMPLES FOR THE ECONOMIC POTENTIAL OF PMSE USE
 ESTIMATION OF THE GERMAN ECONOMIC POTENTIAL IN 2008
This estimation of the German economy potential generated in the professional event production by wireless production tools was collected by APWPT in 2008:
	Category
	Sales size
	Explanation
	Source

	Sales volume of the enterprises of professional light, sound and event technology
	3.5 bn. € 
	The VPLT (10) has around 1.100 members with more than 10.000 employees. The rental companies of wireless radio systems are among others included. 
	Association information of the VPLT (7) 

	Concert and event market
	 3,873 bn. € 
	79.4 million visitors
	GFK study 2007 (3) 

	Total turnover of the event economy
	66.7 bn. € 
of this
31.7 bn. € 
directly into the event- 
centres
	· 2.8 m. organizing actions for more than 331 m. visitors. 
· 6200 conference and event venues
· 1 m. jobs of the line of business generated
· 30.000 people directly employees of event centres indoor
·  3.000 trainees/a
	Meeting and event barometer (4) 

	Classic advertising editions in result of fairs and events
	12.8 bn. € 
	These are 18% of the complete marketing charges of the economy. Altogether, the advertising market of Germany contains a complete volume of 71.6 bn. €. 
	Stage report 11.08 (9) 

	Culture and creative economy
	128 bn. € 
(Estimate 1) 

 ------------------ 
60 bn. € 
(Estimate 2) 
	·  227000 enterprises
· 1 m.  employed person
 -------------------------------- 
There are about million people working for 210.000 enterprises in the culture and creative economy. 
	Initiative culture and creative economy (10)
--------------------------
Initiative of the representative for culture and media and the BMWT (6) 


	Category
	Sales size
	Explanation
	Source

	Theatre enterprise
	3 bn. € 
	Gives approx.  500 theatre enterprises including the free theatres in Germany. These employ 60.000 employees; have approx.  40 m visitors and generate a complete sales volume of almost 3 bn. €. 
	Information of the German's Stage Associtation and the 
Federal Association of the Theatres and Orchestras (5) 

	Hardware sale of
wireless microphones and
wireless instrument
	65 m. € 
	Since all market relevant suppliers take part in IMIS, this number 	 corresponds 5% to the complete trade sales volume in Germany. 
	IMIS (1), 2007 

	Total sales volume caused by trade mentioned above and its results (2)
(Minimum volume.) 
	130 m. € 
	The SOMM (1) estimates five times of the trade sales for the events generated and the supplies needed for it 
	IMIS (1), 2007 

	Public broadcast
	2.68 bn. € 
Gross value product in the
Year 2006 (8) 
	
	Goldmedia study 2008 (8) 

	Private broadcast
	2.75 bn. € 
Gross value product in the
Year 2006 (8) 
	In the year 2006 (11): 
· Annual sales volume approx. 8.3 bn. € 
·   23.000 employee
	Goldmedia study 2008 (8) 



INFORMATION ABOUT WESTEND THEATRES IN LONDON
The figures are collected and the property of the Society of London Theatres. At the time of writing the document, latest full set of figures available is for 2010
2010
 
Total Attendances:  14,152,230.
 
Total Box Office Revenue: £ 512,331,808.00. 
 
Total number of performances given: 18,615.
 
General.
 
The Wyndham Report (now out of print) was put together by Tony Travers of LSE in 1996, and there is no reason to suppose the overall ratios have changed,  and showed that an average of £4.4 was spent in the wider West End economy by theatregoers, for every £1 they spent at the Box Office on tickets.
 
Direct employment in West End theatres, including Cast, Musicians, technicians, adminstrators, Front of House and Catering staff and theatre specific trades amounted to circa 27,000. with a further 14,000 employed indirectly.

UKEMTS 2011 REPORT ON THE DEVELOPMENT OF THE BRITISH EVENT INDUSTRY
The 2011 report is compiled from data supplied by a representative sample of 360 venues from across the UK, 10.3 per cent of the universe of 3,500 venues used as the basis for research analysis. 
Other key findings include:
· an estimated 99million attendances at events in 2010 (an estimated 1.3 million events with an average attendance of 76 people)
· an average of 371 events per venue in 2010, down slightly on 2009 (an average of 379 events per venue). 
· average daily delegate rates was £42 (inc. VAT). The average 24-hour/residential rate was £120 (inc. VAT). Rates were down on 2008 and 2009 levels, reflecting budgetary constraints and price sensitivity among buyers
· a resurgence in corporate sector events which accounted for 51 per cent of all events staged (47 per cent in 2009)
· venues perceive ‘price’ and ‘value for money’ as the single most important selection criterion for buyers (scoring 87 per cent), followed by location (68 per cent), access (66 per cent) and quality of meeting facilities (60 per cent)

ECONOMIC IMPACT OF MAJOR EVENTS
Major events as Eurovision Song Contest, the Soccer World Championships and Olympic Games generate a huge revenue in relation to the deployed PMSE applications
OlympicGames 2008 Bejing: 	4,7 billion viewers worldwide (approx. 70% of the world population 
				2out of 3 persons worldwide 
World soccer champion ship 2010	: 3.16 million viewers 
Additional text with relevant numbers needs to be included here.
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Note ERC/DEC/(99)23 is withdrawn
Note: EN301840 is withdrawn
I did not find any referencesto the below documents :
ECC Report 44	Guidance For Radio Usage At Special Events;Vilnius, February 2004
ERC Report 34	Application guide and explanatory notes to support an application for the use of radio equipment at short term events
ETSI EN 300 454 ???
[NOTE: delete doc is not published yet, not available outside ETSI]ETSI draft TR 103 058 ???
EBU Tech Report 001 ???
Report ITU-R BT.2069		Tuning ranges and operational characteristicsof terrestrial electronic news gathering (ENG), television outside broadcast(TV-OB) and electronic field production (EFP) systems
Report ITU-R BS.1200	The effect of delay in sound programme operations
Rec ITU-R M.1824	System characteristics of television outside broadcastelectronic news gathering and electronic field production in the mobileservice for use in sharing studies
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