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In RAN1#103-e, there was an LS from RAN2 to confirm if RAN1 and RAN2 have the same understanding on the UE behavior in intra-UE multiplexing. After discussion, the understanding of UE behavior is aligned between RAN1 and RAN2 in case the collision only involves LP PUSCH and HP PUSCH. However, if an additional PUCCH was involved, no consensus was reached. The agreement in RAN1#103-e is shown below[1]. In RAN1#104-e, this issue was discussed again but no progress due to the limited time budget. In this contribution, the remaining issues on the intra-UE multiplexing in Rel-16 URLLC are discussed.
	Agreement
Send an LS to RAN2 to convey the 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. 
LS is endorsed in R1-2009680.



Discussion
Intra-UE multiplexing
The scenario is CG PUSCH and DG PUSCH overlap in the time domain with same/different priorities and one of the PUSCH further overlaps with a PUCCH with the same priority. An example is shown in Figure 1, where DG PUSCH with low priority overlaps with both of CG PUSCH with high priority and LP PUCCH in the time domain while CG PUSCH does not overlap with PUCCH.


Figure 1 An example of collision among CG PUSCH, DG PUSCH and PUCCH.
A first main question is whether the MAC layer generates the MAC PDU for the LP PUSCH (e.g., DG PUSCH in Figure 1) overlapping with a PUCCH with the same priority in the time domain. Some companies believed that the MAC layer should generate the MAC PDU according to the agreement for PUSCH skipping reached in RAN1#102-e as shown below[2].
	Agreement
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.


The above agreement focus on DG PUSCH. It should be noted that the scenario in Figure 1 was not considered when the agreement was reached. It was further clarified in RAN1#103-e that the assumption for the agreement is LCH based prioritization is not configured and there is a single PHY priority for UL transmission. For the CG PUSCH, a similar agreement was reached in RAN1#103-e as shown below[1].
	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. 


It can be seen that the scenario for the reached agreements is UL transmission configured with single PHY priority and there is only PUCCH overlapping with CG PUSCH or DG PUSCH. In addition, a similar scenario was discussed in RAN1#104-e with the agreements as shown below[3].
	Agreement
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, when timeline condition is met, for Case 1-6 in non-CA and CA cases, 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, 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is no remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the UCI is transmitted on the PUCCH.
· This is for case 1-6a and 1-6b in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH 
· When aone or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the PUSCH from the remaining PUSCH(s) for UCI multiplexing is determined following the existing UCI multiplexing rules, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the PUSCH.
· Note the remaining CG PUSCH(s) are not overlapping with any DG PUSCH on the same serving cell
· This is for case 1-6c in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH

Conclusion
For 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, 
· The time condition is ensured by gNB, i.e. the ending symbol of UL grant for the DG PUSCH should be at least Tmuxproc,2 symbols before the first symbol of the earliest PUCCH or PUSCH among the overlapping group of PUCCH/PUSCH channels.
· RAN1 understands that for Case 1-6 the PUCCH, the CG PUSCH and the DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels for which the multiplexing timeline needs to be satisfied.
· The overlapping group of PUCCH/PUSCH channels for Case 1-6 is defined in the way such that a PUCCH/PUSCH would be included in a group if it overlaps with any channel in that group, regardless of whether multiplexing between these channels occurs or not.
· FFS whether or not additional spec change is needed


In this case, even though the one or more PUSCHs overlaps with the PUCCH resource, the MAC does not generate the MAC PDU for the one or more CG PUSCHs since CG PUSCH always has low priority than the DG PUSCH. It means the agreement that CG PUSCH cannot be skipped is not applicable to case 1-6 or PUSCH priority check can override the PUSCH skipping check. Similarly, the agreement that DG PUSCH cannot be skipped is not applicable to the scenario in Figure 1 as well.
Observation 1: The agreement of PUSCH skipping cannot be applied to the collision scenario between CG PUSCH and DG PUSCH with different priorities where one of the PUSCH overlaps with a PUCCH with the same priority.
When there is no PUCCH overlapping with the PUSCH, the MAC entity shall generate the MAC PDU for the PUSCH with high priority. This is a significant feature in Rel-16 for ensuring the latency of the URLLC service. Even though the PUSCH with low priority overlaps with a PUCCH, the MAC entity should still generate the MAC PDU for the PUSCH with high priority if there is available data. In this case, it is not necessary to generate the MAC PDU for the PUSCH with low priority since it will be dropped anyway. 
Proposal 1: If CG PUSCH and DG PUSCH overlap in the time domain with same/different priorities, and one of the collided PUSCH overlaps with a PUCCH, a UE expects a MAC PDU is generated only for the PUSCH with higher priority if there is available data.
If the MAC entity does not generate MAC PDU for a PUSCH, it means the PUSCH does not exist from the perspective of physical layer since there is no MAC PDU delivered to physical layer. Then, one question is whether the non-existed PUSCH participates in the subsequent physical layer procedure, e.g. UCI multiplexing/intra-UE multiplexing. In our understanding, if the physical layer has already determined there is no MAC PDU for a PUSCH, the non-existed PUSCH should not participate in the subsequent physical layer procedure since such operation is meaningless. This is also in line with the agreements for case 1-6 in RAN1#104-e, where the UCI is not multiplexed in the PUSCH.
Proposal 2: If the MAC entity does not generate MAC PDU for a PUSCH, the PUSCH should not participate in the subsequent UCI multiplexing.
Regarding the transmission of the LP PUCCH overlapping with the LP PUSCH, there are two cases illustrated in Figure 2. 


Figure 2 The collisions collision among CG PUSCH, DG PUSCH and PUCCH
· In case 1, the transmission of LP PUCCH is after the HP PUSCH. The physical layer can determine the LP PUSCH will be dropped and there is no MAC PDU for the LP PUSCH when processing HP PUSCH. Therefore, the UCI should not be multiplexed in LP PUSCH and will be transmitted on the PUCCH.
· In case 2, the transmission of LP PUCCH is before than the HP PUSCH. A UE may not realize the collision of HP PUSCH and LP PUSCH when the UE performs the UCI multiplexing in LP PUSCH. After that, the UE receives the PDCCH scheduling HP PUSCH, and determines that LP PUSCH should be dropped. In this case, the UE may not always have enough time to process PUCCH, especially when the first symbol of PUCCH resource is before the first symbol of LP PUSCH. If the time is not enough, the UCI has to be dropped. 
It can be seen that, the UCI cannot always be transmitted on PUCCH after determining the PUSCH to be multiplexed with UCI is canceled. It depends on whether the UE has enough time to process PUCCH. In our understanding, the timeline defined for the case 1-6 in RAN1#104-e can be reused. Therefore, if the PUSCH overlapping with a LP PUCCH is canceled due to the HP PUSCH and the time interval between LP PUCCH and the PDCCH scheduling HP PUSCH is not less than Tmuxproc,2, the PUCCH should be transmitted. Otherwise, the PUCCH should be dropped together with LP PUSCH.
Proposal 3: For the LP PUCCH overlapping with a LP PUSCH which is canceled by a HP PUSCH,
· If the time interval between LP PUCCH and the PDCCH scheduling HP PUSCH is not less than Tmuxproc,2, the LP PUCCH should be transmitted.
· Otherwise, the LP PUCCH should be dropped.
In URLLC, HP CG PUSCH with a small periodicity can be configured for the UE in order to reduce the latency of uplink transmission. When the CG HP PUSCH overlaps with DG LP PUSCH in the time domain as shown in Figure 1 and there is only available data to be mapped to the DG PUSCH, the MAC layer only generate the MAC PDU for the LP PUSCH since the priority of the PUSCH without any available data is lower than the PUSCH with available data from the perspective of MAC layer according to 38.321 as shown below[4]. In this case, the HP PUSCH does not exist in fact. Similarly, the non-existed PUSCH should not participate in the subsequent intra-UE multiplexing, i.e. canceling the LP PUSCH or LP PUCCH.
	For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. The priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than either the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU or the priority of the logical channel triggering an SR.


Proposal 4: If the MAC entity does not generate MAC PDU for a HP PUSCH, the HP PUSCH should not cancel the overlapped LP PUSCH or LP PUCCH.
PUSCH skipping in case physical priority is configured
In Rel-16, a PUCCH or a PUSCH can be configured with physical priority. When the overlapped PUCCH and PUSCH are configured with the same priority, the UE behavior is the same as the reached agreement. If there are configured with different priorities, there are two cases as follows.
· HP PUSCH vs LP PUCCH
When a PUSCH with high priority overlaps with a PUCCH with low priority, the PUCCH will be canceled and only PUSCH will be transmitted. If the HP PUSCH can be skipped, then the LP PUCCH can be transmitted when there is no available data for PUSCH transmission. On the contrary, if the HP PUSCH cannot be skipped as agreed in Rel-15, the PUCCH has to be canceled. However, the transmission is useless since neither valid data nor UCI is carried in this case. Therefore, HP PUSCH can be skipped when there is no available data for PUSCH transmission in case of collision between HP PUSCH and LP PUCCH.
· LP PUSCH vs HP PUCCH
When a PUSCH with low priority overlaps with a PUCCH with high priority, the PUSCH will be canceled and only PUCCH will be transmitted. Therefore, it does not matter whether PUSCH is skipped or not. To align with the UE behavior in case of collision between HP PUSCH and LP PUCCH, the LP PUSCH can be skipped in this case. 
Since the proposal that PUSCH can be skipped does not change the current UE behavior, it can be used for all the discussed collision cases, including when the PUSCH repetition is configured.
Proposal 5: When there is no available data for PUSCH transmission, the PUSCH can be skipped if the PUSCH overlaps with PUCCH and they are configured with different priorities.
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: The agreement of PUSCH skipping cannot be applied to the collision scenario between CG PUSCH and DG PUSCH with different priorities where one of the PUSCH overlaps with a PUCCH with the same priority.
Proposal 1: If CG PUSCH and DG PUSCH overlap in the time domain with same/different priorities, and one of the collided PUSCH overlaps with a PUCCH, a UE expects a MAC PDU is generated only for the PUSCH with higher priority if there is available data.
Proposal 2: If the MAC entity does not generate MAC PDU for a PUSCH, the PUSCH should not participate in the subsequent UCI multiplexing.
Proposal 3: For the LP PUCCH overlapping with a LP PUSCH which is canceled by a HP PUSCH,
· If the time interval between LP PUCCH and the PDCCH scheduling HP PUSCH is not less than Tmuxproc,2, the LP PUCCH should be transmitted.
· Otherwise, the LP PUCCH should be dropped.
Proposal 4: If the MAC entity does not generate MAC PDU for a HP PUSCH, the HP PUSCH should not cancel the overlapped LP PUSCH or LP PUCCH.
Proposal 5: When there is no available data for PUSCH transmission, the PUSCH can be skipped if the PUSCH overlaps with PUCCH and they are configured with different priorities.
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