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**** First Change ****
[bookmark: _Toc96536075]6.5	Key Issue #4: Different bit rates for Standby vs Program Cameras
[bookmark: _Hlk77675380]Editor’s Note: This clause should describe implications on protocol usage, when only the program camera(s) send a high quality stream. Standby cameras only send a video stream with preview quality or no data.
6.5.1	General
In professional multi-camera production use-cases, several cameras simultaneously capture an event, with each camera focusing on different parts of the scene, for example close-up shots of certain performers, wide angle shot, audience reaction shot. The video of all cameras is displayed in the local studio gallery(which could be in an Outside Broadcast van). The program director selects which of the cameras contribute to the outgoing program feed. On request from the program director, the video mixer changes the source from from one camera to another.
-	The camera currently used for the program feed is referred to as the Program Camera in the following. In case of fast cutting between cameras, typically only a single camera is the Program Camera at any given point in time. However, when cross-fading effects are applied during the transition from one camera to the next, two or more cameras are contributing to the program feed at the same time. The tally light is typically illuminated whenever a camera is the active Program Camera.
-	All other cameras, which are not directly contributing to the program feed, are just rendered on the display gallery, and are referred to as Standby Cameras.
In principle, the video quality from Standby Cameras does not need to be as high as that from Program Cameras. This key issue explores how the output quality of a video camera can be varied under the control of the video mixer function using a dedicated control flow.
 [image: ]
Figure 6.5.1-1: Multi-camera setup showing current Program Cameras and Standby Cameras
The setup is depicted in figure 6.5.1-1. Five Cameras UEs are depicted on the left side. The different Camera UEs are assumed to offer equivalent functionality. However, Camera UE #1 and Camera UE #4 are currently configured to operate in a program quality profile, while Camera UEs #2. #3 and #5 are operating in a stand-by quality profile. The Mixer/Selection function is controlled based on the input from from the program director.
6.5.2	Solutions leveraging QoS
6.5.2.1	General
In this set of solutions, the 3GPP QoS Framework is used to separate the different data flows. Different resource types (like GBR) may be used for the QoS flows. Figure 6.5.2-1 illustrates the usage of QoS flows in the multi-camera setup introduced by figure 6.5.1‑1.
 [image: ]
Figure 6.5.2-1:
In the figure:
-	 The video outputs of Camera UE #1 and Camera UE #3 are mapped to program quality QoS flows.
-	 All other camera outputs are mapped to stand-by quality QoS flows.
-	The traffic for switching the camera profile configuration is handled by yet another QoS flow.
Two basic solution alternatives for realising the above QoS flow configuration are described in the following clauses:
A:	Modify the QoS rule within a Camera UE whenever the quality profile is switched between program and stand-by.	Comment by Richard Bradbury: Missing a discussion of pros and cons for the two proposed solutions.
Solution B sounds more responsive to fast-changing .
B: Pre-install a unique QoS rule for each camera quality profile with different packet filters.
6.5.2.2	Solution A: QoS rule modification
Solution alternative A leverages the procedure to modify a QoS rule. When switching a camera quality profile from program to standby, the QoS rule is modified and a new QoS policy (with a different QFI) is installed on the UE and the UPF.


Figure 6.5.2-2: Solution Alternative A
Steps:
Before the actual media production event:
1:	The QoS rules are configured in the 5G System using a 5-tuple as packet filter. The QoS rules are installed in the UE SDAP entity and the UPF.
During the media production event:
2:	The program director triggers the mixer function to select the Camera as Program Camera. As result, the Mixer sends an instruction to the Camera to change the Profile to Program.
3:	The Camera sends a video stream towards the mixer according to the Program profile.
[bookmark: _Hlk99010169]4:	The UE SDAP entity detects a packet filter match and forwards the packets as QoS Flow #1.
5:	Video packets traverse the 5G System
6:	After some time, the program director selects another camera as Program Camera. As result, the Mixer sends an instruction to the Camera to change the Profile to Standby.
7:	At the same time (or before), the Mixer interacts with the PCF (possibly via the NEF) to modify the QoS rule for the traffic flow.
8:	The NEF/PCF sends a modified PCC rule to the UE SDAP entity and the UPF. Depending on the parameters for the Standby video, the PCF may select a different 5QI (resulting in a resource type change e.g. from GBR to Non-GBR) and/or change the value for the Guaranteed Bit Rate (GBR).
9:	The Camera sends a video stream towards the Mixer according to the Standby profile.
10:	The UE SDAP entity detects a packet filter match and forwards the packets as QoS Flow #2.
11:	Video packets traverse the 5G System.
6.5.2.3	Solution B: Multiple pre-installed QoS rules
For Solution alternative B, two QoS flows (one for Pprogram quality and one for Sstandby quality) are established in advance for each camera. The Packet Filters for the two QoS flows are different, e.g. using different 5-Ttuples or different ToS/DSCP values.


Figure 6.5.2-3: Solution Alternative B

Before the media production event:
1:	Two QoS rules are configured in the 5G System, using different TOS values (TOS#1 and TOS#2) as Packet Filter. The QoS rules are installed in the UE SDAP entity and the UPF.
Depending on the parameters for the Standby video, the PCF may select a different 5QI (resulting in a resource type change e.g. from GBR to Non-GBR) and/or change the value of the Guaranteed Bit Rate (GBR).
During the media production event:
2: 	The program director triggers the mixer function to select the camera as Program Camera. As result, the Mixer sends an instruction to the Camera to change the Profile to Program.
[bookmark: _Hlk99011118]3:	The Camera sends a video stream (marked with TOS#1) towards the Mixer according to the Program profile.
4:	The UE SDAP entity detects a packet filter match (TOS field) and forwards the packets as QoS Flow #1.
5:	Video packets traverse the 5G System.
6:	After some time, the program director selects another camera as Program Camera. As result, the Mixer sends an instruction to the Camera to change the Profile to Standby.
7:	The Camera sends a video stream (marked with TOS#2) towards the mixer according to the Standby profile.
8:	The UE SDAP entity detects a packet filter match (TOS field) and forwards the packets as QoS Flow #2.
9:	Video packets traverse the 5G System.
6.5.3	Discussion
Editor’s Note: This section is work in progress,
6.5.3.1	Discussion of Solution A
Pro:
-	Only a single QoS rule installed.
Contra:
-	Additional signalling latency from SMF to the UE for modifying the PCC rule for the QoS flow. The signalling from the 5G System to the UE is not frame-synchronized with the camera source.
6.5.3.2	Discussion of Solution B
Pro:
-	When the Mixer selects a camera as Program Camera, the Camera changes the QoS flow on application UE side by changing the packet marking. The marking change can be synchronized with the first packets  generated by the camera source in the new Profile.
Contra:
-	Two QoS rules are installed at the same time. The camera can use the Program Profile QoS flow at any time, just by changing the TOS/DSCP value. Care needs to be taken to ensure that the UE Camera is only selecting TOS values according to the selected profile.
-	The network may reserve resources for two QoS flows, while only one QoS flow is ever used at a time.
Editor’s Note: Something more around Cue Pilots, etc. In some production scenarios (like music), everything can be fully timed and scripted in advance, e.g. the ligthing changes. The list of switching cues (the “camera script”) can also be pre-loaded onto the Cameras.
**** Last Change ****
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