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Abstract: This contribution updates the document template and provides the gap analysis for the use case.
Discussion:
For the gap analysis in FS_AVPROD the latest status of Rel. 16 has been considered, particularly TS 22.261 v16.6.0 and TS 22.104 v16.0.0. The editor of this document will keep track of changes affecting the requirements stated in this use case and adapt accordingly.

---------- Use Case template ----------
5.3
Live production with integrated audience services
5.3.1
Description

On large live production events, such as music festivals, many people from the audience would benefit if there is an alternative mean of distribution of the audio that is being produced live. One could get a better quality sound experience by listening to a direct mix coming from the mixing desk, or by the inclusion of 3D sound effects that would not be possible to provide with loudspeakers over the wide festival area. Additionally, it is common that certain positions have poor audio quality at certain locations. In that scenario, problems may arise due to the distances from the loudspeakers to the audience, yielding large propagation delays. If one listener is at a position where he can listen to more than one PA system simultaneously, it is very likely that the propagation delays of all PAs are not synchronized, causing a noticeably echo/reverberation effect. That results in a poor quality experienced by the listener. One further problem occurs when the performances are played at more than one stage simultaneously, as is usual in large music festival. In that case, the listener may listen simultaneously more than one stage, which will also degrade its perceived audio quality. That degradation in audio quality may be particularly significant to listeners with hearing impairments.

In order to achieve the benefits of better audio experience, one possible solution is to provide high quality audio playback over headphones to listeners carrying their own device. Figure 1 shows a diagram of how such a solution would work. In that solution an audio distribution system is connected in the network edge to a 5G-RAN in order to distribute the audio signals from different stages to the audience. In that case each listener may choose one of the available channels which is related to a given stage and listen to the high-quality audio stream, which would be free of undesirable audio propagation effects. When listening to such high-quality audio stream, the listener would be able to move around the event venue, even to locations where the audio quality would be poor otherwise.

That use case has several challenges to be solved. Firstly, the number of listeners may potentially be very large, such as 50000 listeners connected to the same stream. At the same time, there is also a large number of mobile devices in this type of event, which are actively using data services for e.g. texting, sending videos, and phone calls. That means, that there should be mechanisms for guaranteeing the quality of service for both users using the normal cellular network data/voice services as well as the ones listening to the stream of the audio distribution system. Secondly, the listeners of the audio distribution system would bring their own mobile devices, which means that they will most likely be served by different MNOs. In order to keep the latency to controllable levels, it is essential that the audio distribution system is at the edge of the network, meaning that the mobile devices will only be benefited from the audio distribution system if they are in the same physical network as the audio distribution system.

5.3.2
Pre-conditions

Consider a music event, which may be taking place in a large venue, with several thousands of people, each carrying a smartphone connected to a PLMN. In this event, people may want to get a better audio experience, by listening to the live concert with their own smartphones and headphones. In that manner they would have the full concert experience even in areas which are far from the loudspeakers or between two stages, where sound from more than one band can be heard simultaneously. 

· A NPN covering all areas of the venue offers an audio distribution service to its subscribers.
· The audio distribution NPN must allow users to sign up a new subscription or change subscription online to be able to access the NPN, and this process may need to interact with PLMN.
· The audio distribution NPN must accept connections of users which are authenticated through the audio distribution service.

· The NPN must operate logically independently from other co-located radio networks (e.g. general PLMNs).
· Audience owned UEs can connect to the audio distribution service offered by the NPN while still connected to their home (primarily subscribed RAN) PLMN.

· The audio distribution service is identified through a specialized application (app) installed on the audience owned UEs which communicates to a cloud service and determines the service availability based on the location of the user.

· Once the audio distribution service is identified on the audience owned UE, it connects to the audio distribution NPN, which authenticates the UE using the information of a cloud service.

-
The audio distribution service can only be used over a specialized application (app) installed on audience owned UEs during and within the venue of the event

5.3.3
Service Flows
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Figure 5.3.3-1: Example scenario for live production with integrated audience services
The service flows are shown for the actors: Paul, Ringo, Yoko, John, George: Individual members of the audience


Case 1: A listener wants to hear better audio quality stream
· Paul is located at a good position to listen to the band playing on stage 1, but he wants to hear a 3D enhanced version using his mobile phone and high-quality headphones
· If Paul doesn’t have the subscription of this NPN, he can quickly sign up this service online and receive the correct credential from the network. 
· Paul turns on the app, which gets connected to the audio distribution system using the audio distribution NPN

· Paul gets the list of available channels and chooses to listen to stage 1 with enhanced 3D

· The app starts playback through Paul’s headphones, which could have not enough acoustic insulation, and Paul listens to both the PA system and its own headphones

· The time difference between Paul’s headphone sound and the sound coming from the PA system is small, and doesn’t result in noticeable audio artifacts like reverberation or echo effects
Case 2: A listener wants enhanced audio quality because he/she is between two stages
· At the position Yoko is located, she can listen to both stages 1 and 2, but she really wants to hear stage 2.
· If Yoko doesn’t have the subscription of this NPN, he can quickly sign up this service online and receive the correct credential from the network. 
· Yoko turns on the app, which gets connected to the audio distribution system using the distribution NPN.

· Yoko gets the list of available channels and chooses to listen to stage 2. 

· The app starts playback through Yoko’s headphones, which could have not enough acoustic insulation, and Yoko listens to both the PA system and its own headphones.

· The sound that comes from Yoko’s headphone is loud enough in order to mask the sound coming from the PA system of stage 1 and does not generate artifacts when combined with the sound that comes from the stage 2.
Case 3: A listener wants is located next to one stage, but it wants to listen another stage

· At the position John is located, he can listen only the stage 2, but he really wants to hear stage 1 where his friend Paul is.
· If John doesn’t have the subscription of this NPN, he can quickly sign up this service online and receive the correct credential from the network.
· John turns on the app, which gets connected to the audio distribution system using the distribution NPN.

· John gets the list of available channels and chooses to listen to stage 1. 

· The app starts playback through John’s headphones.

· The sound that comes from John’s headphone is loud enough in order to mask the sound coming from the PA system of stage 2.
Case 4: A listener wants enhanced audio quality because he/she is far from the stage

· At the position George is located, he can hear several stages simultaneously, with lots of echo effects generated by multiple PA systems resulting in poor sound quality 
· If George doesn’t have the subscription of this NPN, he can quickly sign up this service online and receive the correct credential from the network.
· George turns on the app, which gets connected to the audio distribution system using the distribution NPN

· George gets the list of available channels and choose to listen to stage 1

· The app starts playback through George’s headphones, which could have not enough acoustic insulation, and he listens to both the PA systems and his own headphones

· The sound that comes from George’s headphones is loud enough in order to mask the sound coming from the PA system of stage 2 and don’t generate audible artifacts when combined with the sound from stage 1
Case 5: A listener wants enhanced audio quality and wants to use other data services

· At the position Ringo is located, he can hear several stages simultaneously, with lots of echo effects generated by multiple PA systems resulting in poor sound quality 
· If Ringo doesn’t have the subscription of this NPN, he can quickly sign up the service online and receive the correct credential from the network. 
· Ringo turns on the app, which gets connected to the audio distribution system using the distribution NPN

· Ringo gets the list of available channels and choose to listen to stage 1

· After a while listening to stage 1, Ringo makes a short video and wants to share the video on his favorite social network

-
The data transfer of the video is handled by his home RAN, while the audio playback keeps active through the audio distribution NPN

5.3.4
Post-conditions

The audio distribution application runs as required without any perceivable (audible) impairments during the whole operation time. 

5.3.5
Existing features partly or fully covering the use case functionality

TS 22.261 V16.5.0 introduces requirements for flexible multicast/broadcast, but there are missing requirements specifying latency


TS 22.261 clause 6.18 states:

· The 5G system shall enable users to obtain services from more than one network simultaneously on an on-demand basis.
which covers the requirement described in this use cases as; 

· The 5G system shall support the UE to connect and receive/transmit data to the NPN and PLMN simultaneously, where the PLMN is responsible voice/data services provision, and the NPN is responsible for audio distribution services.
Furthermore, already existing features include:

· The 5G system shall enable the NPN of the audio distribution system for authentication and authorization of the new UEs and the connections from the UEs. 

5.3.6
Potential New Requirements needed to support the use case
Table 5.3.6-1: Performance requirements for live production with integrated audience services
	Characteristic Parameters
	Influence Quantity

	End-to-end latency (Note 1)
	Reliability
	Data rate (DL)
	# parallel
audio links
	# receiving
users per link
(Note 3)
	Transfer interval 

(Note 2)
	UE speed
	Service
Area

	≤ 5 ms 
	99.9%
	≤ 2 Mbit/s
	< 30
	< 50000
	5 ms 
	≤ 5 km/h
	≤ 2.25 km2

	NOTE 1: The end-to-end latency is required for the downlink (central mixing console to the users’ headphones).
NOTE 2: Transfer interval refers to periodicity of the packet transfers. It must be constant during the whole operation. The value given in the table is a typical value, however other transfer intervals influences the end-to-end latency requirement.
NOTE 3: Here, it is the same content sent to all the devices.






[PR 5.3.6-001] The 5G system shall support simultaneous connections of a UE where one is an audio stream from a NPN with the quality requirements defined in Table 5.3.6-1 and the other is a data/voice traffic communication from a PLMN.
 
[[PR 5.3.6-002] Based on MNO and NPN policy, the 5G system shall support a mechanism to enable MNO to update the subscription of an authorized UE in order to allow the UE to connect to a desired NPN. This on-demand mechanism should enable means for a user to request on-the-spot network connectivity which is authorized by its MNO.
