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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
One of the objectives of the WI on enhanced iIoT & URLLC [1] is:
Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

This contribution discusses some aspects of UL intra-UE multiplexing and prioritisation.
2. Discussions 
2.1	UL Intra-UE Multiplexing
In Rel-16 eURLLC, when a UCI carried by a PUCCH or PUSCH collides with a PUSCH of a different L1 priority, prioritisation is performed where the channel with the lower L1 priority is dropped.  Dropping the lower L1 priority can lead to inefficiency in utilising the resources.  For example, a Low L1 priority PUCCH may carry HARQ-ACK for multiple eMBB PDSCHs and dropping this PUCCH when it collides with a High L1 priority PUSCH/PUCCH may cause unnecessary retransmissions of these eMBB PDSCHs, which is not very efficient use of the resource.  It is therefore beneficial that Low L1 priority UCI can be multiplexed into a High L1 priority UL transmission especially for HARQ-ACKs.  When the UE multiplexes UCI of different L1 priorities, the Low L1 priority channel is dropped and the multiplexed UCIs are transmitted in the High L1 priority UL transmission.
Observation 1: Dropping a Low L1 priority PUCCH carrying multiple HARQ-ACKs may lead to unnecessary retransmissions of PDSCHs leading to inefficient utilization of resource.
Proposal 1: Support at least the multiplexing of HARQ-ACKs in a Low L1 priority PUCCH/PUSCH into a High L1 priority UL transmission.
Proposal 2: The multiplexed Low L1 priority HARQ-ACKs are transmitted in the High L1 priority UL transmission and the Low L1 priority UL transmission is dropped.

A mechanism is needed for the UE to determine whether it should multiplex or prioritise two UL transmissions with different L1 priorities.  One way is to explicitly indicate, e.g. in the DL Grant scheduling the PUCCH whether the HARQ-ACK in the scheduled Low L1 priority PUCCH can be multiplexed into a Higher L1 priority PUCCH/PUSCH.  This also provides flexibility for the gNB in scheduling its UL resources.
Proposal 3: A dynamic indicator is used to indicate whether the UE should multiplex or priortise its HARQ-ACK scheduled in a Low L1 priority PUCCH/PUSCH if it collides with a High L1 priority UL transmission.

The number of Low L1 priority HARQ-ACKs, NHARQ, that can be multiplexed into a High L1 priority UL transmission would have an impact on the reliability of the High L1 priority UL transmission since it carries additional load.  To provide flexibility for the gNB, the value NHARQ can be configurable, e.g. NHARQ = 1, to all HARQ-ACKs in the Low L1 priority codebook.  
Proposal 4: Consider allowing the number of multiplexed Low L1 priority HARQ-ACKs NHARQ to be configurable.

The C-DAI is used in dynamic HARQ-ACK codebooks, such as Type 2 HARQ-ACK codebook to keep track of the number of scheduled PDSCH so that the UE feedbacks the correct number of HARQ-ACKs.  Hence, when some of the Low L1 priority HARQ-ACKs are multiplexed into a High L1 priority UL transmission, the C-DAI counter needs to be adjusted, e.g. decreased by NHARQ.
[bookmark: _GoBack]Proposal 5: When NHARQ Low L1 priority HARQ-ACKs are multiplexed into a High L1 priority UL transmission the C-DAI is reduced by NHARQ.

2.2	UL Intra-UE Prioritisation
In RAN1#101e, we concluded the following:
Conclusion
There is no consensus in RAN1 for the support of the following
· high priority DG cancel the transmission of low priority CG in the physical layer
· high priority CG cancel the transmission of low priority DG in the physical layer
No further discussion for Rel-16.

A lot of discussions were made in RAN1 and RAN2 to specify support for DG and CG collision of different L1 priorities.  In RAN1#101e, this feature was removed from Clause 9 of TS38.213, where the following clause was removed [2]:
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format 

We would prefer to avoid re-discussing this feature and hence we propose that the above clause is added back to Rel-17 of 38.213.

Proposal 6: For the support of DG & CG collision with different L1 priority, add the following Text Proposal to Clause 9 of 38.213:
	[bookmark: _Toc45699190][bookmark: _Toc36498164][bookmark: _Toc29917290][bookmark: _Toc29899553][bookmark: _Toc29899135][bookmark: _Toc29894836][bookmark: _Toc26719403][bookmark: _Toc20311578][bookmark: _Toc12021466]
9	UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG.
*** Unchanged text is omitted ***

If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception
-	a PUSCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE cancels the transmission of the PUCCH before the first symbol overlapping with the PUSCH transmission. The UE expects that the transmission of the PUSCH does not start before  after a last symbol of the first PDCCH reception
where is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this Clause, and  is determined by a reported UE capability
[bookmark: _Hlk47018618]-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format 
If a UE detects a first DCI format scheduling a PUCCH or PUSCH transmission of larger priority index that would overlap with a PUCCH or PUSCH transmission of smaller priority index, the UE does not expect to transmit the PUCCHs or PUSCHs of the smaller priority index due to a detection of a second DCI format after the detection of the first DCI format.   





3. Conclusion
In this contribution, we discuss some aspects of intra-UE multiplexing and prioritisation.  We observe the following: 
Observation 1: Dropping a Low L1 priority PUCCH carrying multiple HARQ-ACKs may lead to unnecessary retransmissions of PDSCHs leading to inefficient utilization of resource.

We therefore propose the following:
Proposal 1: Support at least the multiplexing of HARQ-ACKs in a Low L1 priority PUCCH/PUSCH into a High L1 priority UL transmission.
Proposal 2: The multiplexed Low L1 priority HARQ-ACKs are transmitted in the High L1 priority UL transmission and the Low L1 priority UL transmission is dropped.
Proposal 3: A dynamic indicator is used to indicate whether the UE should multiplex or priortise its HARQ-ACK scheduled in a Low L1 priority PUCCH/PUSCH if it collides with a High L1 priority UL transmission.
Proposal 4: Consider allowing the number of multiplexed Low L1 priority HARQ-ACKs NHARQ to be configurable.
Proposal 5: When NHARQ Low L1 priority HARQ-ACKs are multiplexed into a High L1 priority UL transmission the C-DAI is reduced by NHARQ.
Proposal 6: For the support of DG & CG collision with different L1 priority, add the following Text Proposal to Clause 9 of 38.213:
	
9	UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG.
*** Unchanged text is omitted ***

If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception
-	a PUSCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE cancels the transmission of the PUCCH before the first symbol overlapping with the PUSCH transmission. The UE expects that the transmission of the PUSCH does not start before  after a last symbol of the first PDCCH reception
where is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this Clause, and  is determined by a reported UE capability
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format 
If a UE detects a first DCI format scheduling a PUCCH or PUSCH transmission of larger priority index that would overlap with a PUCCH or PUSCH transmission of smaller priority index, the UE does not expect to transmit the PUCCHs or PUSCHs of the smaller priority index due to a detection of a second DCI format after the detection of the first DCI format.   
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