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Introduction
In this contribution, we express our views on the issue of LP P-CSI on LP PUSCH with HP HARQ-ACK. 
Discussion
According to TS 38.212 v17.2.0, LP P-CSI can be multiplexed onto a LP CG PUSCH with HP HARQ-ACK, as shown below (also some other places). 
	6.3.2.1.5	UCI with different priority indexes

If UCI-MuxWithDifferentPriority is configured, and CG-UCI associated with priority index 0 and HARQ-ACK bits associated with priority index 0 if any, HARQ-ACK bits associated with priority index 1, and CSI part 1 if any are transmitted on a PUSCH associated with priority index 0, the following UCI bit sequences are generated,, , and   if any, according to the following: …


There was some discussion on whether LP P-CSI should be dropped or multiplexed for this case during spec review phase after RAN1 109-e meeting but without consensus. In RAN1 110 meeting, only few companies shared their understanding for this issue [1]. However, this issue should be clarified, because both understanding 1 and understanding 2 shown below requires revision of current spec. 

Companies showed different understanding for whether LP P-CSI can be multiplexed with HP HARQ-ACK on a LP PUSCH.
Understanding 1: LP P-CSI can multiplex with HP HARQ-ACK on a LP PUSCH, if the LP P-CSI PUCCH overlaps with the LP PUSCH (case 1 shown in Figure 1-1), while LP P-CSI cannot multiplex with HP HARQ-ACK on a LP PUSCH, if LP P-CSI PUCCH does not overlap with the LP PUSCH (case 2 shown in Figure 1-2).
Understanding 2: LP P-CSI can NOT multiplex with HP HARQ-ACK on a LP PUSCH, no matter LP P-CSI PUCCH overlaps with the LP PUSCH or not (case 1 and case 2). 
Currently, RAN1 had clear agreement that LP P-CSI is dropped for case 2 and also had agreement that LP P-CSI cannot multiplex onto HP PUSCH with or without HP UCI, while no agreement for case 1. Therefore, it is clear that if a LP PUCCH with LP P-CSI is processed in step 2, LP P-CSI is dropped, while the case of LP PUCCH with LP P-CSI which is processed in step 1 with LP PUSCH is unclear. On one hand, it seems workable to multiplex LP P-CSI with HP HARQ-ACK on a LP PUSCH, if the LP P-CSI is determined to multiplex with LP PUSCH in step 1. On the other hand, from final outcome’s perspective, it is natural to have same outcome for these two cases, i.e., LP P-CSI is dropped for both case 1 and case 2 (understanding 2).  Note that actual multiplexing and RE mapping operation is performed after step 2, thus same handling for case 1 and case 2 is more straightforward. To avoid any confusion, it is suggested to clarify which understanding above is correct. 
	Agreement
To resolve overlapping between a HP PUCCH carrying HARQ-ACK only and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed with HP HARQ-ACK and LP CSI/SR are dropped.

Agreement
To resolve overlapping between a HP PUSCH with or without HP UCI and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed in HP PUSCH and LP CSI/SR are dropped.



	

	


	Figure 1-1     Case 1
	Figure 1-2    Case 2


Proposal 1: RAN1 to clarify whether LP P-CSI can multiplex with HP HARQ-ACK on a LP CG PUSCH, if the LP P-CSI PUCCH overlaps with the LP PUSCH.
       
If RAN1 agrees to go with understanding 1, RAN1 needs to define the case for LP CG PUSCH with CG-UCI, HP HARQ-ACK and LP CSI with part 1 and part 2. Because CG-UCI uses the coding chain for LP HARQ-ACK, LP CSI part 2 should be dropped, which is similar to the case of a LP PUSCH with LP HARQ-ACK, HP HARQ-ACK, LP CSI with part 1 and part 2. TS 38.213 clause 9 should capture the corresponding UE behavior as shown below [2]. 
	9 UE procedure for reporting control information 
<Unchanged text omitted>
-	drops Part 2 CSI reports of smaller priority index if the UE would multiplex the HARQ-ACK information of smaller and larger priority indexes in a PUSCH transmission where the UE multiplexes Part 1 CSI reports and Part 2 CSI reports of smaller priority index
-	drops Part 2 CSI reports of smaller priority index if the UE would multiplex the HARQ-ACK information of larger priority index in a PUSCH transmission where the UE multiplexes CG-UCI, Part 1 CSI reports and Part 2 CSI reports of smaller priority index
<Unchanged text omitted>


Proposal 2: If RAN1 agrees LP P-CSI can multiplex with HP HARQ-ACK on a LP CG PUSCH, LP CSI part 2 should be dropped, if a UE would multiplex HP HARQ-ACK in a LP CG PUSCH with CG-UCI (with or without LP HARQ-ACK) and LP CSI. Adopt the TP for TS 38.213. 

If RAN1 agrees to go with understanding 2, the corresponding description for LP P-CSI on a LP CG PUSCH with HP HARQ-ACK in TS 38.212 should be removed, e.g., 
	6.3.2.1.5	UCI with different priority indexes
<Unchanged text omitted>

If UCI-MuxWithDifferentPriority is configured, and CG-UCI associated with priority index 0 and HARQ-ACK bits associated with priority index 0 if any, HARQ-ACK bits associated with priority index 1, and CSI part 1 if any are transmitted on a PUSCH associated with priority index 0, the following UCI bit sequences are generated,, , and   if any, according to the following: …
<Unchanged text omitted>


Proposal 3: If RAN1 agrees LP P-CSI can NOT multiplex with HP HARQ-ACK on a LP CG PUSCH, delete the corresponding part in TS 38.212.  
Conclusion
[bookmark: _Ref524868549][bookmark: _Ref28076734][bookmark: _Ref505694604][bookmark: _Ref471775016]In summary, we have the following list of proposals: 
Proposal 1: RAN1 to clarify whether LP P-CSI can multiplex with HP HARQ-ACK on a LP CG PUSCH, if the LP P-CSI PUCCH overlaps with the LP PUSCH.
Proposal 2: If RAN1 agrees LP P-CSI can multiplex with HP HARQ-ACK on a LP CG PUSCH, LP CSI part 2 should be dropped, if a UE would multiplex HP HARQ-ACK in a LP CG PUSCH with CG-UCI (with or without LP HARQ-ACK) and LP CSI. Adopt the following TP for TS 38.213. 
	9 UE procedure for reporting control information 
<Unchanged text omitted>
-	drops Part 2 CSI reports of smaller priority index if the UE would multiplex the HARQ-ACK information of smaller and larger priority indexes in a PUSCH transmission where the UE multiplexes Part 1 CSI reports and Part 2 CSI reports of smaller priority index
-	drops Part 2 CSI reports of smaller priority index if the UE would multiplex the HARQ-ACK information of larger priority index in a PUSCH transmission where the UE multiplexes CG-UCI, Part 1 CSI reports and Part 2 CSI reports of smaller priority index
<Unchanged text omitted>


Proposal 3: If RAN1 agrees LP P-CSI can NOT multiplex with HP HARQ-ACK on a LP CG PUSCH, delete the corresponding part in TS 38.212.  
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