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In the RAN1#104-e meeting, RAN1 received an LS from RAN2 related to the scenario of overlapped data and SR of equal L1 priority [1] shown below:Copied from LS R1-2100026
1. Overall Description:
RAN2 confirms the intended UE behavior: For the case of overlapping PUSCH and SR with equal L1 priority and MAC has not yet delivered MAC PDU for the PUSCH to PHY, if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission. 
2. Actions:
RAN2 respectfully asks RAN1 to confirm if the intended UE behavior mentioned above can be supported.


RAN1 discussed different cases related to this overlap, and asked questions back to RAN2 in an LS [2]. In this contribution, we further analyze this issue and give our views.
Discussion
In the last meeting, there were two different understandings about whether MAC is aware of the PHY UCI multiplexing of AN/CSI and SR which is illustrated in the Figure 1 below as case 2-1. RAN1 sent a LS to RAN2 to ask for clarification [2]. 
· Understanding 1: MAC is not aware of the UCI multiplexing in PHY, MAC does not know whether the final PUCCH overlaps with the PUSCH or not, MAC only knows configured PUCCH resource for SR. Therefore, MAC can decide to deliver SR or PUSCH.  
· Understanding 2: MAC is aware of the UCI multiplexing in PHY based on UL skipping agreement (as in LS R1-2009772). If MAC is aware that the final PUCCH resource does not overlap with the PUSCH, and does not overlap with any other PUSCH, then for case 2-1, MAC can send both SR and PUSCH to PHY.

Figure 1 - Case 2-1: the final PUCCH resource after UCI multiplexing does not overlap with PUSCH

Here, we would like to discuss the issues related to understanding 2 from a RAN1 perspective.
In Rel-15, the UE determines the PUCCH for each UCI, e.g. HARQ-ACK, SR and CSI before multiplexing. Then, the UE would multiplex overlapped UCIs on the final PUCCH. Note that the final PUCCH may be different from the PUCCH(s) before multiplexing, e.g. a different resource selection could be used for PUCCH format 1 when HARQ-ACK and SR overlap. For example for PUCCH format 1, if MAC instructs PHY to transmit SR, then it is positive SR and the UE would therefore transmit HARQ-ACK in the SR resources. Otherwise, the UE would transmit HARQ-ACK in the HARQ-ACK resources. Therefore, the final PUCCH is dependent on MAC, i.e. the MAC decision to send or not to send the SR has impact on the final PUCCH resource, but MAC itself does not need to know the final PUCCH.
For understanding 2, it implies that PHY has to inform MAC about the final PUCCH. Based on the discussion above, the final PUCCH depends on the MAC decision. From the RAN1 point of view, the UE may assume a positive SR to obtain the potential final PUCCH and then tell MAC about the result. Then, MAC can decide whether to deliver the SR or the PDU. If it delivers a PDU, then it means a negative SR. In that case the UE needs to do the UCI multiplexing based on negative SR. This implies that according to understanding 2, the UE actually performs UCI multiplexing twice which would complicate the UE implementation. 
Observation 1: For understanding 2, PHY needs to inform MAC about the final PUCCH resources assuming a positive SR, then MAC decides to deliver SR or PDU. If it delivers the PDU, the UE may need to perform UCI multiplexing again based on a negative SR which would complicate the UE implementation in the physical layer.
For the case that only SR overlaps with PUSCH of equal L1 priority, the timeline issue was discussed in the last meeting, but no conclusion could be reached. In Rel-15, when PHY receives an UL DCI scheduling UL-SCH and finds out that the scheduled UL-SCH is overlapping with SR, then PHY can start immediately with the PUSCH preparation that will contain the UL-SCH, since a positive SR will be dropped anyway when it overlaps with UL-SCH. But in Rel-16, if LCH based prioritization is configured, MAC can decide based on L2 prioritization, to deliver either SR or the MAC PDU. Therefore, whether PHY needs to transmit the SR or the PUSCH (containing UL-SCH) is depending on the MAC decision. It means that when PHY receives DCI scheduling UL-SCH, it cannot immediately start to prepare the PUSCH transmission (containing UL-SCH), since it has to wait until it receives a MAC decision. This may have impact on the UE processing timeline, and it also creates a tight dependency between the MAC and PHY processing. An alternative handling would be that the UE anyhow starts an immediate preparation of the PUSCH, but then has to cancel it again in case that no PDU is delivered from MAC. This stopping operation requires also time and could also delay the processing. 
This situation also exists between CG and DG as shown in Figure 2 below. Based on TS38.214, for the UE to perform the dynamically scheduled PUSCH transmission, the gap between the end of the scheduling DCI and the start of the CG PUSCH has to be at least N2 symbols. In Rel-15, when the UE receives the scheduling DCI, it can immediately start with the preparation of the DG PUSCH transmission. While in Rel-16, if LCH based prioritization is configured, when the UE receives the DCI scheduling PUSCH, it cannot start to prepare to transmit the DG PUSCH before PHY receives the MAC decision. So PHY needs to wait for a MAC decision which would have impact to the UE processing timeline especially for capability 2 UEs. In case PHY does not wait for MAC decisions, then PHY would start to prepare to transmit DG or CG PUSCH.  E.g. PHY is ready to transmit DG, but MAC delivers CG, then PHY would start to process the CG again which also has impact to the processing timeline.
[image: ]
Figure 2 - The timeline of DG overlaps with CG PUSCH
In order to overcome the above mentioned problems, the UE processing timeline needs to be relaxed for the above cases when LCH based prioritization is configured. A simple way would be to add a delta to the timeline for the overlap between DG PUSCH and CG PUSCH, and also to add it to the multiplexing timeline in order to provide sufficient margin for the UE PHY processing to support LCH based prioritization.
Proposal 1: When LCH based prioritization is configured, the timeline in the following cases needs to be relaxed e.g. by adding delta symbols to the existing values
· Case 1: UCI multiplexing timeline for the overlap between SR and PUSCH
· Case 2: the timeline for the overlap between DG PUSCH and CG PUSCH

Note, that when PHY receives an UL DCI that is only scheduling CSI and would find out that the scheduled PUSCH (containing CSI only) is overlapping with SR, PHY would transmit positive SR or PUSCH (i.e. containing CSI only) also depending on MAC decisions (i.e. trigger SR or not). However, this case is different with overlapping between UL-SCH and UL-SCH/SR due to different coding. This case is similar with PUCCH collisions e.g. HARQ-ACK overlapping with SR for PUCCH format 1. 

Conclusion
According to the discussion, following proposals and observations are provided:
Observation 1: For understanding 2, PHY needs to inform MAC about the final PUCCH resources assuming a positive SR, then MAC decides to deliver SR or PDU. If it delivers the PDU, the UE may need to perform UCI multiplexing again based on a negative SR which would complicate the UE implementation in the physical layer.
Proposal 1: When LCH based prioritization is configured, the timeline in the following cases needs to be relaxed e.g. by adding delta symbols to the existing values
· Case 1: UCI multiplexing timeline for the overlap between SR and PUSCH
· Case 2: the timeline for the overlap between DG PUSCH and CG PUSCH
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