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Abstract of the contribution: it is proposed new solution for KI#4&5, New Sol: Inter PDU Set Dependency.
Discussion

How to specify the inter PDU Set dependency is still unclear. The dependency in MPEG is a kind of reference relationship. The P frame (Predictive-Frame) decoding needs to refer to the frames in front of it. The B frame (bi-directional interpolated prediction frame) decoding can refer to the frames before or after it.
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Figure-1
In MPEG H.264/AVC[X], the reference relationship becomes more complicated and can across multiple layers, e.g. base layer and enhancement layer, including temporal domain (frame rate difference in different layers) and/or spatial domain (picture resolution difference in different layers), as shown in the Figure-2.
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Figure-2
In the NAL Unit related header, the reference relationship are hided in the NAL Unit payload and cannot be detected from the RTP header or NAL type header. 

Observation1: It is difficult to exhaust all kinds of the dependency which is used for coding and compression efficiency and cannot be acquired from the transport protocol.
But there is a simple way to consider the dependency. The B/P frame between two successive I frames always directly or indirectly relies on the 1st frame. When the 1st I frame fails to be transmitted, the non-I frames before the next I frame can be discarded. 

As shown in Figure1: the frame pointed by the “arrow” refer to the frame pointed by the “nock”
· The 4th B frame refers to the 1st P frame and the 2nd P frame, 
· The 2nd P frame refers to the 1st P frame, 
· The 1st P frame refers to 1st I frame.
It can deduce the 4th B frame indirectly refers to 1st I frame. Actually, no matter starting from which frame, following the reference arrows reversely one by one, it can deduce any non-I frame between two successive I frames always directly or indirectly relies on the 1st frame of the two successive I frames. 
Observation2: There is a simple dependency rule: any non-I frames (B frames/P frames) between two successive I frames always directly or indirectly relies on the 1st frame of the two successive I frames. 
This dependency rule can be easily detected by 5GS according to the received data from N6 and make it possible to specify the dependency for inter PDU Set. As shown in Figure-3, the PDU Sets with PS SN from 2 to 8 relies on the PDU Set with PS SN=1.
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As shown in the other solutions in 23.700-60, the I frame can be identified based on the “I” bit in the RTP extension header. 
Observation3: the I frame can be identified based on the “I” bit in the RTP extension header. 
Proposal: It is proposed to specify the this inter PDU Set dependency, i.e. any PDU Set mapped by the non-I frame (B frames/P frames) between two successive PDU sets mapped by I frames always directly or indirectly relies on the 1st PDU Set of the two successive PDU Set.
Conclusions
Observation1: It is difficult to exhaust all kinds of the dependency which is used for coding and compression efficiency and cannot be acquired from the transport protocol.

Observation2: There is a simple dependency rule: any non-I frames (B frames/P frames) between two successive I frames always directly or indirectly relies on the 1st frame of the two successive I frames. 
Proposal: It is proposed to specify the this inter PDU Set dependency, i.e. any PDU Set mapped by the non-I frame (B frames/P frames) between two successive PDU sets mapped by I frames always directly or indirectly relies on the 1st PDU Set of the two successive PDU Set.
Proposal
It is proposed to add the following solution to the TR 23.700-60 "Study on architecture enhancement for XR and media services".
START OF CHANGES
6.X
Solution #X: < Inter PDU Set dependency >

6.X.1
Key Issue mapping

The solution applies to Key Issue #5.
6.X.2
Description
How to specify the inter PDU Set dependency is still unclear. The dependency in MPEG is a kind of reference relationship. The P frame (Predictive-Frame) decoding needs to refer to the frames in front of it. The B frame (bi-directional interpolated prediction frame) decoding can refer to the frames before or after it.

In MPEG[X], the reference relationship becomes more complicated, not only the dependency in time domain, but also in special domain. 
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 Figure 6.X.2-1: Example of a sequence of frames
In the NAL Unit related header, the reference relationship are hided in the NAL Unit payload and cannot be detected from the RTP header or NAL type header. It is difficult to exhaust all kinds of the dependency which is used for coding and compression efficiency and cannot be acquired in from the transport protocol. But there is a simple way to consider the dependency. The B/P frames between two successive I frames always directly or indirectly relies on the 1st frame. When the 1st I frame fails to be transmitted, the non-I frames before the next I frame can be discarded. 


[image: image5.emf]B I B B P B B B P

I


Figure 6.X.2-2: the reference relationship for the 4th B in the example Figure 6.X.2-1
As shown in Figure 6.X.2-1: the frame pointed by the “arrow” refer to the frame pointed by the “nock”

· The 4th B frame refer to the 1st P and the 2nd P frame, 

· The 2nd P frame refers to the 1st P frame, 

· The 1st P frame refers to 1st I frame.
It can deduce the 4th B frame indirectly refers to 1st I frame. Actually, no matter starting from which frame, reversely following the reference arrows one by one, it can deduce any non-I frame between two successive I frames always directly or indirectly relies on the 1st frame of the two successive I frames. This dependency rule can be easily detected by 5GS according to the received DL data and make it possible to specify the dependency for inter PDU Set. As shown in Figure 6.X.2-3, the PDU Sets with PS SN from 2 to 8 relies on the PDU Set with PS SN=1.
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Figure 6.X.2-3: The PDU Sets with PS SN from 2 to 8 relies on the PDU Set with PS SN=1.
At the UPF side, the I frame can be identified based on the “I” bit in the RTP extension header;

At the RAN side, I frame’s related PDU Set can be identified by a dedicated PDU Set level importance value “X”.
When the 1st PDU Set failure happens, those less important PDU Sets (with the SN from2 to 9) in the buffer can be dropped.
6.X.3
Procedures
Editor's Note: This clause describes high-level procedures and information flows for the solution.

6.X.4
Impacts on services, entities and interfaces
Editor's note: This clause captures impacts on existing 3GPP nodes and functional elements.

UPF: 

-
Any non-I frame between two successive I frames always directly or indirectly relies on the 1st frame of the two successive I frames. 
RAN
-
Any less important PDU Sets (i.e. P frame and B frame) between two successive PDU Set with an importance value used for I frame relies on the 1st PDU Set of the two successive PDU Sets. When the 1st PDU Set failure happens, those less important PDU Sets can be dropped.
END OF CHANGES
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