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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1#103 e-Meeting, one Reply LS [1] was agreed to send to RAN2 to inform following:
	· For the collision scenario between CG and DG with same/different PHY-priority index, if there is no collision between PUCCH and the CG and there is no collision between PUCCH and the DG, the behavior mentioned in the LS is consistent with RAN1’s understanding if taking into account the TP to Rel-16 TS 38.214, i.e., revision CR in R1-2008655.
· When the MAC entity is configured with lch-basedPrioritization, for the collision scenario between CG and DG with same/different PHY-priority index, and when there is collision between PUCCH and the CG with the same priority and/or there is collision between PUCCH and the DG with the same priority, RAN1 is still discussing the related PHY layer behavior. 



In the same RAN1 meeting, similar as DG PUSCH skipping case as discussed in RAN1#102-e meeting, following agreements were achieved for the case where only one or more CG PUSCHs overlapping with PUCCH [2]:
	Agreement:
For the case (Case 1-2) where only one or more CG PUSCHs overlapping with PUCCH
· In Rel.16, for CA and non-CA case, when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is no DG PUSCH overlapping with the UCI and there is no DG PUSCH overlapping with the one or more CG PUSCHs, the CG PUSCH with UCI multiplexing from the one or more CG PUSCHs cannot be skipped.  MAC generates MAC PDU for the CG PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the CG PUSCH. 



The related LS [3, R1-2009772] including above agreements for CG only and conclusions, working assumption for other cases involving both dynamic grant and configured grant was agreed to send to RAN2. More details can be found in the appendix. It is clearly stated in the LS that the agreements made for DG and CG PUSCH skipping with UCI were based on the assumptions where LCH based prioritization is not configured and there is a single PHY priority for UL transmission. 
In this contribution, we discussed the PHY layer behavior for intra-UE prioritization when the MAC entity is configured with lch-basedPrioritization with taking into account the agreements made for CG and DG PUSCH skipping with UCI. 
2. Discussions
Based on [4, R1-2009684], although some companies prefer to firstly confirm with RAN2 on the MAC layer behavior i.e., whether there are cases wherein MAC may NOT deliver a PDU to PHY even when a grant overlaps with a PUCCH and the priority is the same for the grant and the PUCCH by taking into account the PUSCH skipping with UCI agreement for UL transmission with a single PHY priority, since no progress were made in RAN2 112-e meeting on how to implement the MAC spec, it is better for RAN1 to continue the discussion from PHY perspective to have a common understanding. In the following, three intra-UE prioritization cases with PUCCH carrying UCI overlaps with a set of PUSCHs are discussed.
· Case 1: DG PUSCH and CG PUSCH with the same or different L1 priority are overlapping, DG PUSCH and the PUCCH with the same L1 priority are overlapping. The CG PUSCH is non-overlapping with the PUCCH and the starting symbol for CG PUSCH is earlier than the starting symbol for PUCCH. 
· Case 2: DG PUSCH and CG PUSCH with the same or different L1 priority are overlapping, DG PUSCH and the PUCCH with the same L1 priority are overlapping. The CG PUSCH is non-overlapping with the PUCCH and the starting symbol for CG PUSCH is later than the starting symbol for PUCCH. 
· Case 3: DG PUSCH and CG PUSCH with the same or different L1 priority are overlapping, DG PUSCH and the PUCCH#1 with the same L1 priority are overlapping, CG PUSCH and the PUCCH#2 with the same L1 priority are overlapping. PUCCH#1 and PUCCH#2 are not overlapping.
It is noted that that in Rel-16, the priority level defined in MAC layer is more than 2-level L1 priority, hence for the grants with the same L1-priority index, the MAC layer priority can be different.
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Figure 1: intra-UE prioritization cases with PUCCH carrying UCI overlaps with a set of PUSCHs 
For above 3 cases when the MAC entity is configured with lch-basedPrioritization, we have two rules need to be considered for generating the MAC PDU. 
· Rule 1 is LCH based prioritization rule, means the MAC PDU with higher LCH priority should be generated and delivered to PHY.
· Rule 2 is CG/DG PUSCH skipping with UCI rule, means the MAC PDU used for UCI multiplexing should be generated and delivered to PHY.
In addition, in Rel-16, PHY layer cannot handle the two overlapping MAC PDUs delivered by MAC layer, Rel-15 grant overriding timeline is used for MAC layer to generate and deliver one MAC PDU to PHY. 
If Rule 2 of CG/DG PUSCH skipping with UCI rule is prioritized over Rule 1, then for Case 1 and Case 2, the MAC layer should not generate the MAC PDU of CG PUSCH with higher LCH priority. It is simple and no UCI blind detection issue at the gNB side. However, it violates the basic principle of Rel-16 intra-UE prioritization that the PUCCH with lower L1 priority is prioritized over the PUSCH with higher priority. In addition, based on Rule 2 of CG/DG PUSCH skipping with UCI, for case 3, it is expected both MAC PDUs having resource overlapping should be generated and delivered to PHY, but PHY cannot handle it. Therefore, if Rule 2 is prioritized over Rule 1, it can only apply to case 1 and case 2, it does not work for case 3. Further discussion on how to handle case 3 is necessary and then a unified behavior for all the cases is not possible. 
Observation 1: if the ‘CG/DG PUSCH skipping with UCI rule’ is prioritized over ‘LCH based prioritization rule’, PHY layer cannot handle the following case:
· DG PUSCH and CG PUSCH with the same or different L1 priority are overlapping, DG PUSCH and the PUCCH#1 with the same L1 priority are overlapping, CG PUSCH and the PUCCH#2 with the same L1 priority are overlapping. PUCCH#1 and PUCCH#2 are not overlapping.
If Rule 1 of LCH based prioritization rule is prioritized over Rule 2, for all cases, there is no problem for PHY layer to handle only one MAC PDU. However, it is not clear which MAC PDU will be delivered by MAC, and it is not clear in RAN1 that for the MAC PDU not delivered by MAC, whether and how it will participant in the subsequent PHY layer intra-UE prioritization/multiplexing procedure.
· Regarding to which MAC PDU will be delivered by MAC, it requires gNB to blind detect the MAC PDU. This is the consequence of supporting Rel-16 intra-UE prioritization for data and data collisions, hence gNB’s blind detection of the MAC PDU should not be the issue, and this is different from the agreements made for PUSCH skipping with UCI.    
· Regarding to the MAC PDU not delivered by MAC, further discussion is needed on whether and how it participants in the subsequent PHY layer intra-UE prioritization/multiplexing procedure. It is simpler to assume the MAC PDU not delivered by MAC will always participate PHY layer UCI multiplexing procedure. It can work for all cases. Particularly, for case 2 and case 3, where the starting symbol for HP CG PUSCH is later than the LP DG PUSCH and the LP PUCCH. Since at the time of the LP PUCCH or LP DG PUSCH with UCI reception, the gNB would not know which MAC PDU has been transmitted by the UE. If the MAC PDU not delivered by MAC will NOT participate PHY layer UCI multiplexing procedure, for case 2 and case 3, gNB may need to blind detect whether the UCI is on PUCCH or multiplexed on DG PUSCH which against the agreements made for PUSCH skipping with UCI. In addition, there may be timeline issue in PHY layer on reverting the decision from UCI multiplexing on PUSCH to UCI transmitting on PUCCH. However, with the decision that the MAC PDU not delivered by MAC will always participate PHY layer UCI multiplexing procedure, it may result in unnecessary UCI dropping. For example, as shown in case 1, the starting symbol for HP CG PUSCH is earlier than the LP DG PUSCH and the LP PUCCH, given the CG PUSCH has high priority, gNB can reliably detect the presence of the CG PUSCH, knowing that the LP DG PUSCH will not be transmitted by the UE and then expecting the transmission of the LP PUCCH. 
Observation 2: if the ‘LCH based prioritization rule’ is prioritized over ‘CG/DG PUSCH skipping with UCI rule’, only one MAC PDU will be delivered to PHY layer. 
Proposal 1: RAN1 prefers the ‘LCH based prioritization rule’ is prioritized over ‘CG/DG PUSCH skipping with UCI rule’, so that only one MAC PDU will be delivered to PHY layer.
Observation 3: for the MAC PDU not delivered by MAC, 
· if it is decided that it always participants in the subsequent PHY layer intra-UE prioritization/multiplexing procedure, UCI may be dropped unnecessarily; 
· if it is decided that it does not participant in the subsequent PHY layer intra-UE prioritization/multiplexing procedure, it may have the timeline issue in PHY layer on reverting the decision from UCI multiplexing on PUSCH to UCI transmitting on PUCCH.
To keep the spirit of the PUSCH skipping with UCI agreements and meanwhile to avoid the unnecessary PUCCH dropping, following solution can be considered. As shown in Figure 2, if the time e.g. T1 when determining the UL grant overriding as defined in TS 38.214 is before the time e.g. T2 when determining the UCI multiplexing among a group of overlapping PUCCH and PUSCH as defined in TS 38.213, the MAC PDU not delivered by MAC should NOT participant the subsequent PHY layer UCI multiplexing procedure; Otherwise, the MAC PDU not delivered by MAC should participant the subsequent PHY layer UCI multiplexing procedure, namely, the UCI will be dropped. 
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Figure 2a: T1 is NOT earlier than T2
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Figure 2b: T1 is earlier than T2
Based on above discussions, following proposal is made:
Proposal 2: for the transport block that is not delivered, by MAC,
· If the time i.e.,  where j is the starting symbol for the CG transmission and  is determined according to the UE PUSCH processing capability, when determining the UL grant overriding as defined in TS 38.214 is before the time e.g.  , where (i= 1, 2, CSI, release) and  is the first symbol of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot when determining the UCI multiplexing among a group of overlapping PUCCH and PUSCH as defined in TS 38.213, the MAC PDU not delivered by MAC should NOT participant the subsequent PHY layer UCI multiplexing procedure; 
· Otherwise, the MAC PDU not delivered by MAC should participant the subsequent PHY layer UCI multiplexing procedure, namely, the UCI will be dropped. 
3. Conclusion
In this contribution, we discussed the PHY layer behavior for intra-UE prioritization when the MAC entity is configured with lch-basedPrioritization with taking into account the agreements made for CG and DG PUSCH skipping with UCI. The observations and proposal are summarized below:
Observation 1: if the ‘CG/DG PUSCH skipping with UCI rule’ is prioritized over ‘LCH based prioritization rule’, PHY layer cannot handle the following case:
· DG PUSCH and CG PUSCH with the same or different L1 priority are overlapping, DG PUSCH and the PUCCH#1 with the same L1 priority are overlapping, CG PUSCH and the PUCCH#2 with the same L1 priority are overlapping. PUCCH#1 and PUCCH#2 are not overlapping.
Observation 2: if the ‘LCH based prioritization rule’ is prioritized over ‘CG/DG PUSCH skipping with UCI rule’, only one MAC PDU will be delivered to PHY layer. 
Proposal 1: RAN1 prefers the ‘LCH based prioritization rule’ is prioritized over ‘CG/DG PUSCH skipping with UCI rule’, so that only one MAC PDU will be delivered to PHY layer.
Observation 3: for the MAC PDU not delivered by MAC, 
· if it is decided that it always participants in the subsequent PHY layer intra-UE prioritization/multiplexing procedure, UCI may be dropped unnecessarily; 
· if it is decided that it does not participant in the subsequent PHY layer intra-UE prioritization/multiplexing procedure, it may have the timeline issue in PHY layer on reverting the decision from UCI multiplexing on PUSCH to UCI transmitting on PUCCH.
Proposal 2: for the transport block that is not delivered, by MAC,
· If the time i.e.,  where j is the starting symbol for the CG transmission and  is determined according to the UE PUSCH processing capability, when determining the UL grant overriding as defined in TS 38.214 is before the time e.g.  , where i= 1, 2, CSI, release and  is the first symbol of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot when determining the UCI multiplexing among a group of overlapping PUCCH and PUSCH as defined in TS 38.213, the MAC PDU not delivered by MAC should NOT participant the subsequent PHY layer UCI multiplexing procedure; 
· Otherwise, the MAC PDU not delivered by MAC should participant the subsequent PHY layer UCI multiplexing procedure, namely, the UCI will be dropped. 
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Appendix 
RAN1 discussed the following cases considering both PUSCH skipping with UCI for dynamic grant and configured grant. The examples are provided in the figures for each case in case of a single carrier.
· Case 1-2: only one or more CG PUSCHs overlapping with PUCCH
· Case 1-3: DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
· Case 1-4: DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH, and CG PUSCH is non-overlapping with the PUCCH
· Case 1-5: DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH
· Case 1-6: DG PUSCH and CG PUSCH are overlapping and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH
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	Case 1-4
	Case 1-5
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	Case 1-6



For Case 1-2 of only one or more CG PUSCHs overlapping with PUCCH, RAN1 discussed the behavior of PUSCH skipping with UCI for configured grant in Rel-16 and made the following agreement.
	Agreement:
For the case (Case 1-2) where only one or more CG PUSCHs overlapping with PUCCH
· In Rel.16, for CA and non-CA case, when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for  UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is no DG PUSCH overlapping with the UCI and there is no DG PUSCH overlapping with the one or more CG PUSCHs, the CG PUSCH with UCI multiplexing from the one or more CG PUSCHs cannot be skipped.  MAC generates MAC PDU for the CG PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the CG PUSCH. 



For Case 1-3/1-4/1-5, RAN1 has common understanding and following conclusion is drawn in RAN1 
	Conclusion
For the following cases, for CA and non-CA, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, MAC generates MAC PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. For the case 1-3 and 1-4, MAC does not generate a TB for the CG PUSCH(s) overlapping with the DG PUSCH on the same serving cell.  The GG PUSCH(s) is discarded and does not participate in subsequent physical layer procedure.
· (Case 1-3) DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
· (Case 1-4) DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH, and CG PUSCH is non-overlapping with the PUCCH
· (Case 1-5) DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH



For Case 1-6, RAN1 discussed the following options of expected behavior from RAN1 understanding and made the following working assumptions, for which there is difference on UCI multiplexing behavior in PHY [R1-2009774]. RAN1 will continue discussing the expected behavior for Case 1-6 based on these options.

	Working Assumption:
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH
· In Rel.16, for non-CA case, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is DG PUSCH overlapping with the CG PUSCHs on a serving cell and not overlapping with the UCI
· Opt-3:
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is transmitted on PUCCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH
· UCI is transmitted on PUCCH.
· Opt-4: 
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is dropped together with CG PUSCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH.
· UCI is dropped together with CG PUSCH.
Note: In RAN1#104-e, aim to resolve case 1-6 using above options as a starting point, other options are not precluded.



In addition, RAN1 noticed that in legacy Rel-15 and Rel-16, for configured grant, skipping UL configured grant if no data to transmit is conditionally mandatory feature. It is RAN1’s understanding that the agreement in RAN1 for case 1-2 will change the UE behavior for CG PUSCH. RAN1 considers it may be necessary to introduce a new capability/signalling to differentiate the new UE behaviour and the legacy UE behaviour. RAN1 will further discuss the capability for case 1-3, 1-4, 1-5, 1-6 where the uplink skipping involving both DG PUSCH and CG PUSCH after the behaviors for these cases are determined.
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