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1	Introduction
[bookmark: _Ref178064866]The XR WID [1] for Rel-19 contains the following objective on UL scheduling enhancements:
· Specify Enhancements for Scheduling, as follows: 
· For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
In Rel-18 the DSR was introduced to give the network precise delay information, i.e. the remaining time until discard for the buffered data, to improve the uplink scheduling. The PSI discarding feature was also introduced which allows for configuring different discard timers for PDU Sets with different importance levels in the same QoS flow. 
It was identified during the Rel-18 maintenance work that the PSI discarding solution together with the DSR creates an issue of potential ambiguity in the delay information reported to the network (see R2-2401367) and thus a question was raised on what information should be included in the DSR. After discussing this issue RAN2 decided to go with a simple solution in Rel-18 where only the high importance data is included in the DSR with the understanding that further improvements to the DSR would continue in Rel-19 under the UL scheduling objective, together with potential related LCP enhancements.
This contribution proposes ways forward in the UL scheduling topic regarding the reporting and handling of different importance levels in the UE buffer.
[bookmark: _Ref154582601]2	Discussion
2.1 Issues with multiple importance levels
The earlier raised issue regarding DSR reporting when having different importance levels in the UE buffer is visualized in Figure 1. In the figure a scenario is shown where two PDU Sets with different importance has arrived in the UE buffer in such a way that they have become interleaved. In Rel-18 only the high importance data is reported as delay critical data in the DSR and thus the existence of the low importance PDUs, with remaining time below the Remaining Time Threshold, will be transparent to the network, i.e. in the depicted scenario the network will only get knowledge of the 4 high importance PDUs being delay critical while in reality there are 7 PDUs in total below the threshold. When network provides a grant for 4 PDUs only 2 high importance PDUs will be scheduled since 2 other low importance PDUs will use up the grant resources. There are two connected problems related to this; what is the information that is reported to the network and which are the packets that are selected for transmission. 
Improving what information is included in the reporting can help the situation, but if the goal is to prioritize the handling of the high importance data (implicitly the Rel-18 solution) then only changing the reporting will not solve the situation completely. Furthermore, the Rel-19 WID has an objective on enhancements of using delay information in the UL scheduling, this can include both the selection of the data to be transmitted from the UE queue and the reporting of what data is in the UE queue. Thus, for a complete solution for the UL scheduling area both the raised problems need to be taken into consideration.
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[bookmark: _Ref162518027]Figure 1: Issue with interleaved PDU Sets and transmission order.
[bookmark: _Toc163145134]There are issues with having PDU Sets of multiple importance levels in the UE buffer.
[bookmark: _Toc162519040][bookmark: _Toc163145135]The issues are related to both reporting misleding information of what is in the UE buffer and not selecting the most critical data to be transmitted from the UE buffer.
[bookmark: _Toc163145136]To solve the situation with multiple importance levels in the UE buffer two problems should be considered: 1. What data is selected for transmission from the UE. 2. What information is reported from the UE.

2.2 Selection of data in UL scheduling
On the topic of selecting data for UL scheduling it should be noted that currently there is no way to assure that a single PDU Set is transmitted completely. As PDU Sets can consist of a large amount of data, corresponding to multiple PDUs, there is a possibility that PDU Sets end up interleaved in the UE buffer. Interleved PDU Sets may impact the likelihood to satisfy the delay requirement as is shown in Figure 2.
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[bookmark: _Ref162518535]Figure 2: Interleaved PDU Sets and improving the transmission order.
Considering this problem, the first step regarding UL data selection is to make sure that a PDU Set is transmitted as one entity. An example of such solution is also shown in Figure 2 as a proposed Rel-19 solution.
[bookmark: _Toc163145137]When doing selection of data in UL scheduling the aim should be to deliver complete PDU Sets. 
The next scheduling issue is how to handle when there are multiple PDU Sets with different importance levels, as described in section 2.1. The straightforward solution is to make it possible to select the PDU Sets based on the importance level. An example of this is show in Figure 3. However, there may be further conditions to take into consideration when selecting data, such that if there is only a very low amount of data left to be transmitted from an already started PDU Set then the remaining data may still be aimed to be transmitted first.
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[bookmark: _Ref162523080]Figure 3: Transmission order based on importance.
[bookmark: _Toc163145138]Transmission order of PDU Sets inside one LCH can be decided based on their importance or other factors such as remaining delay.
There could be different options how to decide on the transmission order, e.g. the order could be configured by the network and follow certain rules. Since already the identification of the PDU Set Importance is left up to UE implementation, and there may be situations where reordering is complicated to achieve due to processing and time constraints for the UE (which according to the WID objective should be taken into account), a simple option is to leave also the delivery order decision up to UE implementation. 
Regardles of how the transmission order is decided, it would help the scheduling if the network were provided with this information, i.e. what importance level, remaining time, and size of the PDU Sets that will be first transmitted when providing grants to the UEs. Thus, it would be beneficial to enable the transmission order of the data in the UE queue to be conveyed to the network.
[bookmark: _Toc163145139]Enable the transmission order of the data to be conveyed to the network. 

2.3 Reporting with multiple importance levels
There are different options how the reporting could be done, i.e. how to convey the delivery order information to the network. As DSR is the new report intended to support scheduling delay critical data and it has already been identified to have issues with the transmission order, it makes most sense to start by enhancing it. 
The simplest way to solve the ambiguity between what data is reported and what data is using the grant is to always include in the report the data that will actually be using the grant, i.e. if the transmission order is to transmit the data that is first in the queue then this data should also be included in the DSR report. On the other hand, if the transmission order is something else, e.g. to first transmit the high importance data that is placed later in the queue, then the high importance data should be reported in the DSR (i.e. the Rel-18 reporting solution but with enhanced transmission order).
[bookmark: _Toc163145140]The data reported in the DSR should include the data that is first to be transmitted from the UE.
A more general solution which also would make the network have better awareness of the situation in the UE, and possibly take better scheduling decisions, is to report separate values for the low and high importance data. In this way the network will know the deadline of the next delay critical data in the queue and if it is not possible to provide enough grants to support the delay critical data that is first to be transmitted, the network knows what needs to be scheduled next in the queue. To support two importance levels only one extra set of two rows needs to be introduced for every LCG and the R-bit can be used as an indication of the importance level, i.e. if the values are reported for the high importance data (the discardTimer is used) or the low importance data (the discardTimerForLowImportance is used). An example of such format is shown in Figure 4 where an extra set of rows are used for each LCG that has delay critical data containing PDUs with different importance. The order of the rows indicates the transmission order, i.e. information elements indexed with F indicates the first group of data to be delivered for that LCG while information elements indexed with S indicate the second group of data to be delivered for the same LCG. Furthermore, instead of the R-bit there is an I-bit indicating the importance of the associated remaining time and buffer size.
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[bookmark: _Ref162879263]Figure 4: New DSR format with multiple rows for each LCG. The report indicates the transmission order of the different importance levels in the delay critical data.
[bookmark: _Toc163145141]In the DSR report include all the importance levels of the delay critical data.
[bookmark: _Toc163145142]Allow the DSR to report with multiple rows for different delay critical PDU Sets. 
[bookmark: _Toc163145143]Change the Rel-18 R-bit to an I-bit to indicate the importance of the reported data.

3	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	There are issues with having PDU Sets of multiple importance levels in the UE buffer.
Observation 2	The issues are related to both reporting misleding information of what is in the UE buffer and not selecting the most critical data to be transmitted from the UE buffer.

Based on the discussion in the previous sections we propose the following: 
Proposal 1	To solve the situation with multiple importance levels in the UE buffer two problems should be considered: 1. What data is selected for transmission from the UE. 2. What information is reported from the UE.
Proposal 2	When doing selection of data in UL scheduling the aim should be to deliver complete PDU Sets.
Proposal 3	Transmission order of PDU Sets inside one LCH can be decided based on their importance or other factors such as remaining delay.
Proposal 4	Enable the transmission order of the data to be conveyed to the network.
Proposal 5	The data reported in the DSR should include the data that is first to be transmitted from the UE.
Proposal 6	In the DSR report include all the importance levels of the delay critical data.
Proposal 7	Allow the DSR to report with multiple rows for different delay critical PDU Sets.
Proposal 8	Change the Rel-18 R-bit to an I-bit to indicate the importance of the reported data.
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