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	Summary: 

	This contribution provides condensed Radio Interface Descriptions for the report being the “Update of ECC Report 204”, information on standardization, and an updated Table 20 (see Report 204, if helpful for overview.

	Proposal:

	invites Group to
Consider for inclusion in “ECC Report 204 update”.



	Background:

	EN 300 422 contains three radio interfaces
A) Narrow-Band Analogue – following a traditional link-based approach;
B) Narrow-Band Digital – following a traditional link-based approach; and 
C) Wireless Multi Audio-channel System (WMAS) – following a system-based approach to serve N portables.
As WMAS introduces transceiver devices on both ends of a wireless link it makes no longer sense to separate by transmitter and receiver function. 

Instead portables and fixed part is used allowing a streamlined description without going into specialities of applications and employed radio interface.






Audio PMSE
Overview
Audio PMSE applications have low transmit power and are requiring a mission critical low latency audio transmission in an indoor or outdoor service area (e.g. venue, festival location, arena, conference center, hotel, interviews at arbitrary locations etc.). The service area for Audio PMSE use is ad-hoc, nomadic or fixed location.
Typical applications are Wireless Microphone, In-Ear Monitor (IEM) and Talkback systems.
Traditionally audio PMSE systems follow like many other Audio-Video (AV) systems a link-based approach which is based on a dedicated transmitter-receiver pair for a uni-directional transmission. The required resources in radio spectrum scales therefore with the number of links to be employed.
Currently the audio PMSE industry make use of analogue and digital technologies employing narrowband modulation techniques with each link occupying a typically 200 kHz wide RF channel. 
A wireless link consists of a portable and a fixed part. 
Portables
· can be a handheld, body worn or table-top equipment,
· can be transmitters, receivers or transceivers (transmit and receive),
· are battery driven requiring a typical operation time of 6-10 h.
Fixed parts 
· can be table-top or rack-mountable equipment,
· can be transmitters, receivers or transceivers (transmit and receive),
· have typical a power supply by AC mains.
The application defines the transmission direction and functions established of each side of the link.
A link for a wireless microphone consists of portable transmitter and a receiver as fixed part.
A link for an IEM consists of a portable receiver with earphones and a transmitter as fixed part.
A talkback system is designed to allow communication of the control room with people in the recording area of a studio. A talkback system can be viewed as the combination of an IEM with remarkable lower audio quality and the recording microphones within a studio. While the control room can hear the person in the recording area over the studio microphones connected to the PA of the control room, the person in the recording area hears the control room in their headphones.
The good propagation conditions sub-1 GHz are employed to support the low power transmission of battery driven portables and to overcome wireless channel effects and propagation losses by complex stage settings and body loss (body worn equipment, moving and turning artists). 
Live music events can involve hundreds of microphone, IEM and talkback channels, so that the link-based approach results in quite complex setups.
The upcoming Wireless Multi Audio-channel System (WMAS) follow a system-based approach integrating wireless microphones, IEMs and other applications in one system concept and radio interface. The system concept of WMAS offers multiple bi-directional audio planes and bi-directional control planes. Depending on the application an audio plane might be used in one direction only. In WMAS the fixed part is a base station and operates with all portables on the same radio interface.
Technical characteristics
The EN 300 422 is defining the essential requirements for the radio interfaces employed by audio PMSE equipment for the frequency ranges below 3 GHz.
Three radio interfaces are described: 
D) Narrow-Band Analogue – following a traditional link-based approach;
E) Narrow-Band Digital – following a traditional link-based approach; and 
F) Wireless Multi Audio-channel System (WMAS) – following a system-based approach to serve N portables.
Transmit spectrum masks in EN 300 422 are tailored to foster multi-link, multi-vendor uses of the available frequency bands. 
Scaling the number of links to support multi audio channel applications in the link-based approach forms quite complex systems with microphone receivers and IEM transmitters being mounted to separate racks to avoid blocking. Each link requires its own centre frequency and RF channel.
Figure 1 shows the general setting for the link-based approach. The radio interface employing analogue or digital modulation techniques can be applied.
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Figure 1: Radio Interface for Link-based Approach
Figure 2 outlines the radio interface of a WMAS which offers multiple audio and control planes integrated in a single wideband radio interface. The direction of each dedicated audio plane is defined by the portable type connected. WMAS can support up to N devices.
[image: ]
Figure 2: Radio Interface WMAS for #N portables
All audio PMSE equipment operate typically on a free tuning concept to accommodate specific radio spectrum deployment conditions and to account for existing radio spectrum occupancy within their service area. 
The time parallel operation of wireless microphones, IEM and/or WMAS in the same service area require suitable frequency separations. 
Frequency planning and coordination in the service area is assisted by spectrum scanning procedures and software tools including the support for mixed vendor deployments. This supports also the possible ad-hoc and nomadic deployments of Audio PMSE in service areas with already deployed Audio PMSE use.
A) Narrow-Band Analogue
Audio PMSE radio interface employing analogue modulation techniques and establishing a link-based approach (dedicated transmitter-receiver pair for a single audio link transmission on a dedicated centre frequency). The audio content plane is uni-directional carrying a Mono or MPX-Stereo signal. Additional audio links are established via additional deployments in additional RF channels.

	Parameter
	Description
	Comments

	Radiocommunication Service
	Land Mobile Service
	

	Application
	PMSE – link-based approach
	

	Frequency Bands
	
	See 6.1.2

	Channel bandwidth / Channel Spacing
	typical 200 kHz /
free tuning, placement on non-equidistant grid to account for transmitter intermodulation products.
	Note 1

	Modulation / Occupied Bandwidth
	Analogue: Frequency Modulation
	

	Direction
	Audio plane: uni-directional
Control plane: N/A
	Note 2

	Transmit Power / PSD
	Typical:
max. 50 mW e.r.p below 1 GHz
max. 50 mW e.i.r.p. above 1 GHz
	Note 3

	Transmit Spectrum Mask
	EN 300 422
	

	Channel Access and occupation
	
	Note 4

	Frequency planning assumptions
	ERC Rec 70-03, Annex 10
	Note 5
Note 6

	Relevant Standard
	EN 300 422
	



Note 1	EN 300 422 enable certain other channel bandwidths within the range 50 kHz to 600 kHz
Note 2	Configuration of portables via IrDA and/or a control plane is established via additional other radio interface in different frequency band.
Note 3	The maximum transmit power is defined in national radio interface descriptions. Higher maximum transmit power can be allowed by licensing terms / special permits.
Note 4	Constant duty cycle, up to 100% occupancy in time.
Note 5	Audio PMSE as latency critical application does not allow co-channel operation by other radio interface technologies.
Note 6	Frequency Planning assisted by spectrum scanning procedures and software includes support for mixed vendor deployments. Time parallel operation of radio microphones, IEM and/or WMAS in same coverage area require suitable frequency separation.


B) Narrow-Band (NB) Digital
Audio PMSE radio interface employing digital modulation techniques and establishing a link-based approach (dedicated transmitter-receiver pair for a single audio link transmission on a dedicated centre frequency). Audio is Mono or Stereo. Additional audio links are established via additional deployments in additional RF channels.

	Parameter
	Description
	Comments

	Radiocommunication Service
	Land Mobile Service
	

	Application
	PMSE – link-based approach
	

	Frequency Bands
	
	See 6.1.2

	Channel bandwidth / Channel Spacing
	typical 200 kHz /
free tuning, allowing equidistant grid, placement with typical 200 kHz to 350 kHz channel separation.
	Note 1

	Modulation / Occupied Bandwidth
	Digital Modulation
	

	Direction
	Audio plane: uni-directional
Control plane: N/A
	Note 2

	Transmit Power / PSD
	max. 50 mW e.r.p below 1 GHz
max. 50 mW e.i.r.p. above 1 GHz
	Note 3

	Transmit Spectrum Mask
	EN 300 422
	

	Channel Access and occupation
	
	Note 4

	Frequency planning assumptions
	ERC Rec 70-03, Annex 10
	Note 5
Note 6

	Relevant Standard
	EN 300 422
	



Note 1	EN 300 422 enable certain other channel bandwidths within the range 50 kHz to 600 kHz
Note 2	Configuration of portables via IrDA and/or a control plane is established via additional other radio interface in different frequency band.
Note 3	The maximum transmit power is defined in national radio interface descriptions. Higher maximum transmit power can be allowed by licensing terms / special permits.
Note 4	Constant duty cycle, up to 100% occupancy in time.
Note 5	Audio PMSE as latency critical application does not allow co-channel operation by other radio interface technologies.
Note 6	Frequency Planning assisted by spectrum scanning procedures and software includes support for mixed vendor deployments. Time parallel operation of radio microphones, IEM and/or WMAS in same coverage area require suitable frequency separation.


C) Wireless Multichannel Audio System (WMAS)
Audio PMSE radio interface establishing a system-based approach for multi audio channel applications serving microphone, IEM and talkback in a single RF channel. Additional scaling of capacity (e.g. more audio channels as supported by a single WMAS base) via additional deployments in additional RF channels possible. It allows flexible configuration of each audio channel regarding direction (IEM or Mic), mapping of audio channels to a device, latency, audio quality and robustness.

	Parameter
	Description
	Comments

	Radiocommunication Service
	Land Mobile Service
	

	Application
	PMSE – system-based approach
	

	Frequency Bands
	
	See 6.1.2

	Channel bandwidth / Channel Spacing
	Typical {6,7,8} MHz (international DTT channel grid) or 10 MHz /
Free tuning but accommodating predominant channel raster of incumbent. 
	Note 1

	Modulation / Occupied Bandwidth
	Digital Modulation

	

	Direction
	Multiple audio planes, bi-directional
Multiple control planes, bi-directional
	Note 2

	Transmit Power / Power Spectral Density (PSD)
	max. 50 mW e.r.p below 1 GHz
max. 50 mW e.i.r.p. above 1 GHz
	Note 3
Note 4

	Transmit Spectrum Mask
	EN 300 422
	

	Channel Access and occupation
	Typical TDD TDMA
Constant duty cycle, up to 100% occupancy in time.
	Note 5

	Frequency planning assumptions
	ERC Rec 70-03, Annex 10
ETSI TR 103 450
	Note 6
Note 7

	Relevant Standard
	EN 300 422
	



Note 1	EN 300 422 enables a channel bandwidth of up to 20 MHz for WMAS but based on practical considerations WMAS will be accommodated to the channel grid employed by an incumbent service (e.g. broadcasting or other). EN 300 422 requires WMAS to support at least one mode supporting in minimum three audio channels / MHz.
Note 2	Bi-directional control plane is available, enabling permanent control and reconfiguration of all portables. This enables resource re-assignments at run-time to other portables.
Note 3	The maximum transmit power is defined in national radio interface descriptions. Higher maximum transmit power can be allowed by licensing terms / special permits. Larger occupied bandwidth results in lower PSD as maximum transmit power is per device. Example: PSD of an 8 MHz-wide WMAS is 16 dB lower than the one of a single 200 kHz link. 
Note 4	In systems employing TDMA, the total transmit power in a given RF channel is not scaled with the number of WMAS devices deployed as each device transmits only in a short time slot and is limited to the maximum transmit power.
Note 5	ETSI TR 103 450 envisions also other duplex and multiple access schemes.
Note 6	Audio PMSE as latency critical application does not allow co-channel operation by other radio interface technologies.
Note 7	Frequency planning assisted by spectrum scanning procedures and software includes support for mixed vendor deployments. Time parallel operation of radio microphones, IEM and/or WMAS in the same coverage area require suitable frequency separation.


Standardization
Wireless Solutions under EN 300 422
EN 300 422 defines the essential technical characteristics, requirements and the corresponding test methods for audio PMSE transmitters and receivers. 
To accommodate a rich set and range of application specific solutions, the EN 300 422 does not define or require specific implementations to reach the required technical characteristics or limits defined.
Therefore, the technical implementation can differ among manufacturers, intended applications and employed frequency ranges. Hence, enabling manufactures to reach in their implementation technological key performances (e.g. audio quality, streaming latency, power consumption) and economic figures (e.g. price point, value-add) which are as combination currently not possible or in business perspective not viable in available standardized wireless technologies.
Wireless Solution employing other technology standards
Certain cost-sensitive Audio PMSE applications of consumer and business uses have been realized using standardized wireless technologies, which do not predefine a certain business model for their deployment, allow for high QoS and acceptable link latency, and provide ease of use as value-add to the end customer by technology inherent automatic frequency planning and interference management.
DECT technology (IMT-2000 FDMA/TDMA) for example is employed in ad-hoc settings of audio links to video cameras, solutions for presentation, ad-hoc conferencing solutions and for intercoms. The standardization process of DECT evolution and DECT-2020 (an IMT-2020 candidate) at ETSI is driven also by audio PMSE stakeholders to improve the suitability and applicability of this technology to additional use cases.
The viability of 3GPP technologies for PMSE has been studied in recent public research projects co-funded by German ministries (PMSE-xG, LIPS). The PMSE-xG project pointed especially to several business role implications, missing technical specifications or missing support of certain sensitive network functions including requirements to monitor and influence the network behavior. It was concluded that a value-adding applicability of 3GPP technologies is seen in frequency planned Non-Public Networks (NPN) employing local area licensed radio spectrum and establishing so-called Media Campus Networks. Further potential application is seen in providing fiber-like connectivity to AV production in remote places, if within the coverage area of the PLMN.
In 2018 3GPP started a feasibility study on Audio-Visual Service Production (AVPROD), which sought to study scenarios and use cases and propose potential requirements for AV production in 3GPP 5G. The results of the study are captured in the Technical Report TR 22.827 Study on Audio-Visual Service Production. Requirements for 3GPP systems have been consolidated in the TS 22.263 Service requirements for Video, Imaging and Audio for Professional Applications (VIAPA) alongside similar requirements from other vertical applications in particular the medical. 
TS 22.263 will be considered in the 3GPP Release 17 (due in 2021). However, it is expected that the related work will span several future releases. Therefore, improvements in the capability of the 3GPP 5G systems will become available gradually or might even never show up for complexity or economic reasons. 
Economic viability of the AV production use cases in the 3GPP 5G ecosystem will depend on technological and business availability. However, it is worth to mention that technically, all use cases submitted to the 3GPP technical specification work are realized in the field today by using conventional PMSE technologies, DECT technology, LTE cellular bonding technologies and audio-visual IP-workflows. 
Future looking, open interfaces and open access for seamless interworking of various radio access technologies in ad-hoc, nomadic or fixed local area deployments with Wide Area Networks (PLMN, fiber, satellite) seem to be of major importance to generate value-adds for future production workflows.
aPPLICATIONS
Live Event
Presentation
Electronic News Gathering
Conferencing
Audio for Video



Considering Update (Table 20 in ECC Report 204):

	Characteristics
	Wireless microphone
	In Ear Monitor
IEM
	Audio Links
	Wireless Multi Audio-channel System (WMAS)

	Application
	Voice (Speech, Song), Music instruments
	Voice or mixed feedback to stage
	ENG/ OB, voice
	Multi-Channel:
Voice (Speech, Song), Music instruments, intercom and mixed feedback to stage

	Fixed Part

	Function
	Receiver
	Transmitter
	Receiver
	Transceiver

	Placement
	Fixed Base
Rack mounted
	Fixed Base
Rack mounted
	Fixed Base
Vehicle mounted
	Fixed Base
Rack mounted

	Power Source
	AC mains
	AC mains
	AC mains
Battery
	AC mains

	RF Output power
	Max 50 mW
	Max. 50 mW
	Above 50 mW up to below 25W
	Max. 50 mW

	Audio input
	-
	Line in,
Network
	Microphone or Line in 
Network
	AES10, Network

	Audio output
	Line out,
Network
	-
	Line out
Network
	AES10, Network

	Portable Part

	Function
	Transmitter
	Receiver
	Transmitter (Talk)
	Transceiver 

	Placement
	Body worn
Handheld
Camera mounted
	Body worn
	Body worn
vehicle mounted
	Body worn
Handheld
Camera mounted

	Power Source
	Battery
	Battery
	Battery
	Battery

	RF Output power
	Max 50 mW
	Max. 50 mW
	Above 50 mW up to below 25W
	Max. 50 mW

	Audio Input
	Microphone
	-
	Microphone
or
Line in
	Microphone
and/or
Line in (note 1)

	Audio Output
	-
	Earphones
	Earphones
or
Line out
	Earphones
and/or
Line out (note 1)

	General

	System Approach
	Link based
	Link based
	Combined Links
	System based

	Audio Plane
	Uni-directional
	Uni-directional
	Uni-directional plus Talkback link
	Multiple Bi-directional

	Control Plane
	External band:
Zigbee-like, Bluetooth,
IrDA
	External band:
Zigbee-like,
Bluetooth
IrDA
	
	In-channel: Multiple Bi-directional

	Battery/power pack operation time
	6 - 10 h
	6 - 10 h
	6 - 10 h
	6 - 10 h

	Arrangement of Audio Quality, Range, Latency
	Selectable modes, if digital
	Fixed
	Fixed
	Flexible setup per audio channel, up to Studio Quality.

	Typical Audio frequency response
	≤ 20 to ≥ 20.000 Hz
	≤80 to ≥ 15.000 Hz
	Link to base: ≤ 20 to ≥ 20.000 Hz
Fold back to portable unit: 12,5 kHz
	≤20 to ≥20.000 Hz
configurable

	Audio mode(s)
	Mono
	MPX-Stereo
	Dual Mono
	Mono
Stereo 
Dual Mono

	RF frequency ranges
	Rec 70-03
Annex 10
	Rec 70-03
Annex 10
	Rec 70-03
Annex 10
	Rec 70-03
Annex 10

	Modulation
	digital modulation
or
FM wideband 
	FM wideband 
	FM wideband
or

digital modulation

Talkback link: FM narrow
	Digital wideband modulation, combined with suitable duplex and
multiple access scheme

	Duty Cycle
	Constant, up to 100 % occupancy in time per device
	Constant, 100 % occupancy in time per device
	Constant, 100 % occupancy in time per device
	Constant, up to 100 % occupancy in time due to scheduling measures of system

	RF bandwidth
	Typical:
 ≤ 200 kHz
Note 2
	Typical: 
≤ 200 kHz 
Note 2
	Two links of
≤ 200 kHz
plus 12.5kHz
	≤ {6,7,8,10} MHz
Note 2

	Link Latency (Audio Input to Audio Output)
	Analog: ~ 0 ms
Digital: 2-3 ms
	Analog: ~ 0 ms
Digital: 2-3 ms
	
	< 1 ms up to 20 ms
Configurable per Audio Channel

	Link or Channel 
per MHz
	1.5 to 3
Note 3
	1 to 1.5
	
	up to 8+ audio channels with arbitrary direction, Note 4



Note 1:	Portable may integrate audio input, audio output or both in one device. Line In/Line out might be provided.
Note 2:	EN 300 422 allows channel bandwidths from 50 to 600 kHz; allows up to 20 MHz for WMAS.
Note 3:	Digital modulation with Link density modes can deliver up to 7.8 audio links/ MHz for by restricting audio quality and range. Therefore, only employed if not enough spectrum resources are available.
Note 4:	Depending on per audio channel configured audio quality, latency and coverage. EN 300 422 requires the support of at least one mode with in minimum 3 audio channels / MHz.
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