
Page 4
Draft prETS 300 ???: Month YYYY

[bookmark: _Ref452454252][bookmark: _Hlk54275161]3GPP TSG-RAN WG2 #120	R2-2212888
Toulouse, France, 2022-11-14 - 2022-11-18

Agenda Item:	8.5.2.2
Source:	Ericsson
Title:	Discussion on PDU Prioritization
Document for:	Discussion, Decision

1	Introduction
[bookmark: _Ref178064866]In [1], a new Study Item identifying three main areas of study, i.e., XR-Awareness in RAN, XR specific power savings and XR specific capacity improvements, was agreed. 
“Objectives on XR-awareness in RAN (RAN2):
Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
Study how the above information aids XR-specific traffic handling.”
In RAN2#119 the following agreements related to study topic was made.
· XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
· RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).
· RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this)
In this contribution we discuss our view on PDU prioritization
2	Discussion PDU Prioritization 
2.1	Overview of PDU Set prioritization
In ongoing SA2 FS_XRM and RAN2 XR SI multiple companies have argued for the need of priority/importance information related to the PDU Set be conveyed to RAN in multiple ways, e.g., GTP-U and 5QI. Some companies have argued that codec related concepts such as I/P frame/slice have different requirement/characteristics that must be identified by the 5GS for differentiated handling in RAN. In this context companies argue that certain frame types should be prioritized differently in RAN, hence dynamic information about PDU set importance should be exposed to the RAN scheduler. 
The first and most basic observation to be made is that prioritizing PDU Sets in any other way than the order of arrival will make some PDU Sets to be delivered faster in expense of some other PDU Sets being delivered slower. Essentially an existing PDU Set in the buffer will not be prioritized to be completely delivered if a later arriving PDU Set takes priority to be delivered. The only way this can be beneficial is if delivering of the lower importance PDU Set can be skipped altogether, i.e. the PDU Set is dropped. Dropping packets can free up resources for other users and in turn potentially improving the overall capacity in the cell. The concept of dropping and implications of it is in detail described in our sister contribution on the PDU Discard sub AI [2]. However it is important to note that dropping, or late delivery, will always impact user experience and thus the usage of such solutions will require careful considerations of all factors, e.g. if likely meeting the QoS requirements for a PDU Set then dropping should not be performed. In the end it will be very situational if dropping based on a theoretical PDU Set priority is a beneficial thing to do. Thus it is in our understanding that usage of such information would require very complex solutions and to justify them there should be clear indications that there will be significant gains in system capacity.
[bookmark: _Toc118442785]Considering inter PDU Set importance/priority information in RAN implies introducing complex solutions. 

2.2	Evaluations of PDU Set prioritization
[image: ]
Figure 1 - Evaluation of frame dependence for multi-flow GoP traffic with PF scheduler. Here, if a frame is missing, then all dependent frames are also marked as missing.

In Figure 1 we provide simulation results based on the traffic models defined in TR 38.838. In this simulation we evaluate the DL system capacity for Cloud Gaming assuming 30 Mbps and 15 ms PDB and compares the scenario with a baseline traffic model where all video frames have the same priority and no dependency (red line) with scenarios using a multi-flow Group of Picture (GOP) traffic model defined in 38.838 [3]. For the multi-flow traffic model, the simulation considers dependency between I-frames and P-frames (if a reference I-frame is lost then dependent P-frames are also marked as lost) as well as assigning different priority between the I-frames and P-frames. As can be seen from the figure, prioritizing one frame type over the other show negative impact on XR system capacity when comparing the same frame priority case (green line) and the different frame priority cases (blue and black lines), i.e. using PDU Set prioritization increases the number of late frames. Detailed description on why this is the case can be found in section 2.3. These results show that considering even the simplest priority scenario (only two types of frames in the traffic flow) and the heaviest dependency between the frames, i.e. the higher priority I-frame is the most valuable to receive, there is still a downside to use PDU Set priority. 
[bookmark: _Toc118442786]The usage of importance information results in less satisfied XR users in a system. 
However as discussed in our companion contribution [4] section 2.1.2. We support the idea that application can signal traffic flow requirements and assistance information to the 5GS. The 5GS may then map traffic flows to different QFI’s reflecting the requirements of the flow. As per existing means, the QFI is then mapped to a DRB. The application could still do the frame differentiation by separating frame types into different traffic flows with different requirement mapping to a QFI. But the 5GS would have no understanding of the frame type carried within the PDU set.
[bookmark: _Toc118442789]PDU Set importance information is not considered useful for RAN2 solutions.

2.3	Explanation of PDU Set prioritization
The evaluation results can be explained by looking at the scenarios where utilizing different prioritization schemes make an impact. Prioritization is only relevant when there are multiple PDU Sets ends in the buffer at the same time which in turn implies that transmission of an earlier PDU Set didn’t finish before the arrival of a new PDU Set. Further the only reason to introduce importance information of PDU Sets is if a later arriving PDU Set should have higher priority over the PDU Set already existing in the buffer. This situation is described in figure 2. In this case the later arriving PDU Set (PDU Set 2) takes priority over the existing PDU Set (PDU Set 1) and delays the transmission of it, potentially creating a failure to meet the deadline.

[bookmark: _Toc118111377][bookmark: _Toc118361638][bookmark: _Toc118408551][bookmark: _Toc118442790][image: A picture containing icon

Description automatically generated]
Figure 2 Sequence when prioritizing based on specified PDU Set importance and not based on order of arrival. Red bars show the buffered data for the PDU Set decreasing when being scheduled based on the data rate.

[bookmark: _Toc118442787]Introducing PDU Set importance increases the risk of late PDU Sets

The occurrence of the above-described scenario is what the simulation results show, i.e. introducing prioritization of PDU Sets that is not based on their arrival time increases the risk of late packets. Furthermore, the results show that there is less increase in PDU Sets that successfully meet the PDB, i.e. prioritizing a later arriving PDU Set have a low chance to increase its probability to meet the PDB. This can also be explained by looking at the scenarios where PDU Sets fail to meet the PDB requirement. Start by consider the scenarios depicted in figure 3 and 4 which describes what happen when prioritizing based solely on order of arrival for either a good or poor performing user.
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Figure 3 Sequence when prioritizing based on order of arrival for a good performing user (i.e. high rate). Red bars show the buffered data for the PDU Set decreasing when being scheduled based on the data rate
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Figure 4 Sequence when prioritizing based on order of arrival for a poor performing user (i.e. low rate). Red bars show the buffered data for the PDU Set decreasing when being scheduled based on the data rate

Obviously, the only scenario worth improving with different prioritization is the one described in figure 4, i.e. the one with the poor performing user. Now consider figure 5 which show the scenario of applying PDU Set importance to the poor performing user.
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Figure 5 Sequence when prioritizing based on PDU Set importance for a poor performing user (i.e. low rate). Red bars show the buffered data for the PDU Set decreasing when being scheduled based on the data rate

The sequences show that there is a very little chance that prioritizing the higher priority PDU Set will make any difference for this user, i.e. prioritizing based on PDU Set importance doesn’t help a poor performing user to meet the PDU Set delivery deadlines. 
[bookmark: _Toc118442788]Introducing PDU Set importance has a low chance to increase the number of PDU Sets that successfully meet their delivery deadline 

[bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	Considering inter PDU Set importance/priority information in RAN implies introducing complex solutions.
Observation 2	The usage of importance information results in less satisfied XR users in a system.
Observation 3	Introducing PDU Set importance increases the risk of late PDU Sets
Observation 4	Introducing PDU Set importance has a low chance to increase the number of PDU Sets that successfully meet their delivery deadline

Based on the discussion in the previous sections we propose the following:
Proposal 1	PDU Set importance information is not considered useful for RAN2 solutions.
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