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1 [bookmark: _Toc134612745]Introduction
Discard operation of PDU Sets was part of the objective in Rel-18 XR WID [1]:
	Specify the enhancements related to capacity:
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);



This objective has been treated in RAN2 with multiple agreements related to how to handle PDU Set discarding, However the discussions in RAN2 has also widened to include PSI based discarding. In RAN2#121 the following agreements related to PDU Set Importance (PSI) discarding was made:
· [bookmark: _Ref178064866]RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. FFS for other cases.
[bookmark: _Hlk145933481]At RAN2#122 the following related to PSI based discarding was agreed:
· Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 
· FFS how/whether to minimize additional UL signalling after this indication.
· FFS if the NW indication is a one-shot or also subsequent packets
And in RAN2#123 the following related to PSI based discarding was agreed:
· No decision now. Companies should bring detailed Stage-3 proposals, preferably co-signed by several supporters, to the next meeting, at which time RAN2 aims to decide on which solution to use.
Currently no consensus has been possible to find on the PSI based discarding solution. In this contribution we share our view on how to move forward on this topic.
2 [bookmark: _Toc134612746]Discussion on PSI-based discarding
2.1 Problems of using PSI framework for discarding
In #123 there were long discussions on PSI based discarding with a detailed offline discussion [2] that clarified the opposing views from companies. Potentially there are many different PSI discarding solutions and the discussions have so far boiled them down into two solution groups, the threshold-based or the timer-based solutions. These solution groups also include several sub-solutions. From the discussions it is clear that the solutions have different pros and cons, mainly they can lead to increased complexity but allowing for more flexibility in the discarding decision. Depending on the solution chosen there will potentially be different impacts to the application. It is evident from the discussions that companies have different understanding of what would be the most beneficial way of doing the discarding from the application perspective. The main controversial topics that were raised:
· Is it better for application to always have at least the opportunity to receive part of the data of a lower importance PDU Set or could it as well discard all low importance data directly?
· Will different applications use different PSI levels and how will the network know how to divide the PSI levels into important/non important packets?
· How will gNB know the UL PSI information that is in use to configure thresholds or timers?
Depending on what would be the correct answers to above questions it would favour different solution groups. However it is evident from the discussions that there are very divided views in RAN2 of which answers that are correct. It should be reminded that application knowledge is not something that RAN2 is experts on and the discussions will likely not be settled without external input. 
[bookmark: _Toc142603024][bookmark: _Toc142605953][bookmark: _Toc145592630][bookmark: _Toc145933553][bookmark: _Toc146028698][bookmark: _Toc146029269][bookmark: _Toc146030958][bookmark: _Toc146206541][bookmark: _Toc146613800][bookmark: _Toc146632956][bookmark: _Toc146837146]There is no clear understanding in RAN2 about how PSI impacts application or what is the preferred way of doing discarding from the application perspective.
To decide on the best solution would require better understanding on the PSI from the application perspective and to get this information a LS with questions would need to be sent to SA4 and SA2 for clarification on the topic. However with Rel-18 close to the end there will be no time to process a response to such LS. The best approach for RAN2 in the current situation is thus to go for the simplest solution which can be introduced with the least amount of assumptions on the application behaviours and low complexity in the standard.
[bookmark: _Toc146837147]RAN2 should select the simplest solution possible for PSI based discarding in Rel18.
2.2 The simplest solution for PSI based discarding
Both of the previous proposed solutions contain complexities. With a timer-based solution the network need to configure timer values and which PSI levels the timers apply to. With a threshold-based solution the network needs to decide on the PSI threshold of what is important and non-important packets. This will be problematic, potentially impossible, for the network to configure as the PSI levels used and their impacts may vary between applications. It is not even clear how the network knows which PSI levels that are currently in use, potentially there may be changes what is used in the same UE. A simple solution should stay away from depending on the network to do such questionable configuration. 
On the other hand, the UE will potentially have an easier time to collaborate with the application to determine what is low and high importance packets. At the very least it will be less complicated procedure to let the UE autonomously do such decision. As it is up to UE implementation to do the identification of PSI levels it is not a big step to also rely on the UE to do the arrangement of PSI levels into high and low importance groups. 
[bookmark: _Toc146837148]When PSI based discarding is activated the UE identifies PSI levels of PDU Sets and arrange them into low and high importance groups based on implementation. 
As has already been previously agreed in RAN2 the PSI based discard solution should work in such a way that the network detect when the feature should be applied, e.g. based on network congestion, and then indicated to the UE the activation through dedicated signalling. This activation signalling could simply be done with Control Elements/PDUs, i.e. either by MAC CEs or PDCP Control PDUs. However since the congestion would likely be detected in the MAC layer it would be simplest and fastest if the indication was sent in a MAC CE. 
[bookmark: _Toc146837149]MAC CE are used to indicate when UE should apply PSI based discarding. 
This solution that UE selects what is of low importance and do the discarding is by far the simplest solution from a standard point of view. However it comes with one potential problem that the UE doing discarding can potentially lead to misunderstanding of what the UE has in buffer. This has always been the risk with any type of UE discarding, but with the frequency of discarding with this PSI based solutions the likelihood is greatly magnified. Especially problematic it will be when coupled with the new XR feature of delay reporting, i.e. when the network will have better understanding of the discard times. If the UE start to discard packets before the reported expiry time there may potentially be misalignment on the network side of what is actually in the UE buffer. There are two possible options to remedy such problem. 
1. The PSI based discarding is always triggered directly when the packet enter the buffer. This data will never be reported to the network and there will be no misalignment or scheduling impact.
2. The UE decide when to discard and update the discard timers for these PDU Set directly. Any delay reporting of the buffered data will have the correct expiry times and network can accurately estimate when data will be discarded.
The latter option is a more complex solution. It also contains the same problems that was brought up in earlier discussions related to having multiple timers configured for the same PSI levels, i.e. the delay reporting may then indicate to the network that urgent data is in the buffer and this will trigger the scheduler to prioritize this UE, while in fact this data in the UE buffer is actually of low importance and should not be prioritized. This will lead to the need of further complicated band aid solutions to solve the problems introduced with this option. 
Instead to keep the simplest solution the preferred option is the first option, i.e. all data discarded in PSI based discarding should be discarded immediately when it enters the buffer and never be reported to the network. 
Thus when the PSI based discard is activated in the UE it detects the PSI levels of the PDU Sets and arrange into high and low importance groups. Everything that is deemed to be of low importance should be discarded directly. This decision should be done in the high layer of the UE protocol stack and not affect the other transmitting procedures, i.e. either in the SDAP or PDCP layer. If performed in the PDCP layer it implies that directly when an IP packet reaches the PDCP transmitter in the UE it should be discarded, without doing any of the normal procedures such as starting discard timers or building PDCP PDUs. This will minimise the complications from the PSI based discarding.
[bookmark: _Toc146837150]When PSI based discarding is activated in the UE it immediately discards incoming IP packets that belong to PDU Sets that is deemed to be of low importance. 

[bookmark: _Toc70424553][bookmark: _Toc134612747][bookmark: _Ref189046994]4 Conclusion
In the previous sections we made the following observations: 
Observation 1	There is no clear understanding in RAN2 about how PSI impacts application or what is the preferred way of doing discarding from the application perspective.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should select the simplest solution possible for PSI based discarding in Rel18.
Proposal 2	When PSI based discarding is activated the UE identifies PSI levels of PDU Sets and arrange them into low and high importance groups based on implementation.
Proposal 3	MAC CE are used to indicate when UE should apply PSI based discarding.
Proposal 4	When PSI based discarding is activated in the UE it immediately discards incoming IP packets that belong to PDU Sets that is deemed to be of low importance.
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