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1 Introduction 
In the RAN1 AH1801 meeting, handling of partial collision between PUSCH and PUCCH was discussed in PUCCH offline sessions and also in a main session, but failed to reach an agreement. During the long hours of discussion, somewhat converged view was to transmit one of the two colliding channels and drop the other one. This is because multiplexing UCI onto PUSCH as in the case of full overlap incurs a reduced time budget at the UE and impact HARQ/scheduling timing. In addition, the gNB scheduler may be able to manage to avoid partial collision in many of the cases unless significantly constrained by service requirements. In this contribution, we discuss the possible collision cases and provides our view on handling the collisions. 
2 PUSCH and PUCCH collision handling
In case of full overlap, that is, when the start symbol and the duration are the same between PUSCH and PUCCH transmissions which collide in a slot, UCI is multiplexed onto PUSCH, and PUCCH is dropped. However, in case of partial collisions, the processing timing at the UE for PUSCH and PUCCH is not aligned and it becomes challenging to support the UCI multiplexing. Multiple collision cases are addressed in the following sections. The following two approaches are mainly compared:
· Multiplex UCI onto PUSCH and drop PUCCH as in case of the full overlap

· Transmit one of the physical channel only, and drop the other channel along with its payload.
Case: PUSCH transmission starts earlier that PUCCH

To multiplex UCI onto PUSCH for this case becomes difficult to support in cases that the PUCCH transmission has very short time budget to process and encode the UCI and multiplex onto a physical channel. An example case is when the gNB schedules the HARQ-ACK to be transmitted one or two slots after the PDSCH reception. Then, multiplexing the HARQ-ACK onto the PUSCH whose transmission timing is earlier than the PUCCH further reduces the time budget for the UE to decode the PDSCH and process/encode/multiplex the HARQ-ACK onto the corresponding PUSCH. A similar issue can occur to CSI as well when the CSI report periodicity is very short. 
 Case: PUCCH transmission starts earlier that PUSCH
In case that PUCCH is earlier than PUSCH in a slot, multiplexing UCI onto PUSCH would be supportable in time. However, in that case, HARQ and subsequent scheduling delay can be incurred due to the delayed transmission of the UCI (HARQ-ACK or/and CSI) which was originally scheduled to be carried on the earlier PUCCH. This issue becomes more conspicuous in cases that the last symbol of the PUSCH transmission is much later than the last symbol of the PUCCH transmission. 
As discussed above for the two cases, multiplexing UCI onto the PUSCH can incur significant issues in the partial collision cases. The gNB scheduler may be able to manage so as to avoid partial collision in many of the cases unless significantly constrained by service requirements. In this regard, it seems reasonable to send one channel only and drop the other channel in cases of partial collision. Which one between PUSCH and PUCCH should be prioritized and transmitted can be different depending on cases. A straightforward approach is to transmit the earlier channel only and to drop the other channel coming later.
 If a certain service scenario requires that a late coming channel must be transmitted instead of the currently transmitted channel, then an additional signaling mechanism regarding the prioritization may need to be introduced in order to support replacing the transmission with the later physical channel without incurring significant implementation impacts. For example, if an RRC signaling configures that PUSCH transmission is always prioritized and must be transmitted in partial collision cases, the UE may be able to perform the transmission as such. However, whether this should be supported in Rel-15 needs further discussion in RAN1. 
Proposal 1

· In case that the start symbols of PUSCH and PUCCH in a slot are not aligned, UCI multiplexing onto PUSCH is not applied and only the channel with an earlier start symbol is transmitted.
· Unlike the above proposal, if transmission of the late channel should be supported in Rel-15, a semi-static configuration to indicate which channel is prioritized and transmitted should be introduced. 
Case: PUSCH and multi-slot PUCCH collision
The cases that a PUSCH transmission collides with a part of multi-slot PUCCH transmission in a slot can be handled similarly as for the cases presented above. That is, which channel to transmit can be determined by comparing the start symbol of the PUSCH with the very start symbol of the multi-slot PUCCH transmission. For example, if the multi-slot PUCCH transmission has started in a previous slot than the PUSCH transmission, the PUSCH is dropped. On the other hand, if the starting slot of the multi-slot PUCCH transmission is the same as the one with the PUSCH transmission, but the start symbol of the PUSCH is earlier than the start symbol of the PUCCH, the PUCCH transmission in the slot should be dropped. In addition, if the PUSCH transmission is not present in the subsequent slots, the multi-slot PUCCH transmission can start from the next available slot.  
Proposal 2
· In case that PUSCH collides with a multi-slot PUCCH in a slot,
· If the start symbol of the PUSCH transmission is earlier than the very first symbol of the multi-slot PUCCH transmission, the PUCCH transmission in the corresponding slot is dropped and starts from the next available slot.
· If the start symbol of the PUSCH transmission is later than the very first symbol of the multi-slot PUCCH transmission, the PUSCH transmission is dropped. 
3 Conclusion 

This contribution has discussed PUSCH and PUCCH collision handling for cases that the transmissions partially overlap in time. Based on the discussions, the followings are proposed:
Proposal 1

· In case that the start symbols of PUSCH and PUCCH in a slot are not aligned, UCI multiplexing onto PUSCH is not applied and only the channel with an earlier start symbol is transmitted.

· Unlike the above proposal, if transmission of the late channel should be supported in Rel-15, a semi-static configuration to indicate which channel is prioritized and transmitted should be introduced.
Proposal 2
· In case that PUSCH collides with a multi-slot PUCCH in a slot,

· If the start symbol of the PUSCH transmission is earlier than the very first symbol of the multi-slot PUCCH transmission, the PUCCH transmission in the corresponding slot is dropped and starts from the next available slot.
· If the start symbol of the PUSCH transmission is later than the very first symbol of the multi-slot PUCCH transmission, the PUSCH transmission is dropped.  
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