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1. Introduction
[bookmark: _Hlk79934029][bookmark: _Hlk149646118][bookmark: _GoBack]In the previous two RAN1 meetings, ths issue of PUSCH selection rule for UCI multiplexing was discussed and the summary can be found in [1]. We make further discussion for this issue in this contribution.

2. Discussions
Background
In RAN1#97 meeting, the following conclusion was made for UCI multiplexing to clarify the common understanding on intended UE behavior per specification:
	Conclusion:
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:
· For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:
· Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z). This step is done per PUCCH slot. 
· Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.
· First priority: PUSCH with A-CSI as long as it overlaps with Z
· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on serving cell with smaller serving cell index > PUSCHs on serving cell with larger serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.


In the previous meetings, an issue of HARQ-ACK multiplexing on PUSCH in the absence of PUCCH was discussed, the following agreements were made in RAN1#107-e and RAN1#109-e meetings to address the issue. Note that, according to the agreement, prioritization rules to select PUSCH for multiplexing are identical to 38.213 and there is no intention to change the prioritization rules.
	Agreement

For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.
Agreement
For Rel-16 UEs, in the scenario with more than one PUSCH (overlapping and non-overlapping) and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), for a unified design, the following should be specified:
1. Selection of the candidate PUSCH for multiplexing:  PUSCHs without UL-TDAI=4 in case Type 2 CB, and without UL-TDAI n.e. 1 in case of Type 1 CB within the PUCCH slot are candidates
2. Prioritization rules to select PUSCH for multiplexing. Prioritization rules are identical to 38.213
3. Limitations for multiplexing
· UE expects to multiplex HARQ-ACK on only 1 PUSCH selected based on step 2 in the PUCCH slot.
· All the PUSCHs in the determined candidate set after step 1 have to satisfy Rel-15 UCI multiplexing timeline, defined with respect the starting symbol of the earliest PUSCH transmission in the candidate set.
The above specified behavior is supported subject to a new Rel-16 UE capability [Multiplexing-HARQ-ACK-without-PUCCH-on-PUSCH]
· FFS: the details of the capability signaling



To capture the above agreements, the following CRs were endorsed for Rel-16 and Rel-17, respectively.
	Final CRs in
R1-2205628	Correction for HARQ-ACK multiplexing on PUSCH in the absence of PUCCH	Moderator (Apple), Ericsson, CATT
Decision: (TS38.213, Rel-16, CR#0316, Cat. F) is agreed.
R1-2205629	Correction for HARQ-ACK multiplexing on PUSCH in the absence of PUCCH	Moderator (Apple), Ericsson, CATT
Decision: (TS38.213, Rel-17, CR#0317, Cat. A) is agreed.



[bookmark: _Hlk143251515]Then it is identified that the PUSCH selection rule for UCI multiplexing rule in current spec is not aligned with the conclusion. That is, the Second priority in the obove conclusion is missed from the current specification which results in different PUSCH selection rule for the case a PUCCH overlapps with multiple PUSCHs in different slots.
Based on pervious discussion, it was observed that for PUSCH selection rule for UCI multiplexing, we have found out there are different implemtations in the field. Some companies have implemented according to the conclusion in RAN1#97 (i.e., with the Second priority in the coclusion in RAN1#97, called conclusion-based implementation for simplicity), while majority companies have implemented according to the spec (i.e., without the Second priority in the coclusion in RAN1#97, called spec-based implementation for simplicity), and it was observed that spec-based implementation and conclusion-based implementation could result in different UE behaviors in some cases. 
Possible solutions
Based on current situation, the following options are observed.
· Option 1: Solve the issue by introducing a UE capability + RRC for [Rel-17], and conclude that UE behavior follows a single implementation from [Rel-18] 
· Option 1a: The behavior introduced for the conclusion-based implementation is subject to an optional UE capability. With a new RRC parameter, the network can enable the behavior associated to this new capability. When it is not enabled, it means that the spec-based implementation is applied. 
· Option 1b: The behavior introduced for the spec-based implementation is subject to an optional UE capability. With a new RRC parameter, the network can enable the behavior associated to this new capability. When it is not enabled, it means that the conclusion-based implementation is applied. A TP is captured to explain UE behavior follows conclusion-based implementation from [Rel-18]
· Option 2: Conclude that network should avoid the scheduling/configuration that results in different UE behaviors 
· Option 3: Capture the following in chairman’s note
· It is observed that some companies implement based on current spec, some companies implement based on the conclusion for PUSCH selection rule for UCI multiplexing, and the spec-based implementation and conclusion-based implementation could result in different UE behaviors in some cases. 
· Option 3a Capture the following in chairman’s note 
· It is observed that the spec-based implementation and conclusion-based implementation could result in different UE behaviors in some cases. 
· There exists implementations according to both implementations.
· It is recommended that any new implementation to follow the spec-based implementation (that is, ignore Conclusion made in RAN1#97). 

Considering that UL multiplexing for UCI is an important feature and some of the cases that cause such difference are important for UL CA, it is important to converge on a single implementation from different UE vendors, option 3 is not preferred. For option 2, it may bring too much scheduling resction on network scheduling and is not preferred, either. Option 1 and option 3a can be considered for further discussion. A corresponding CR is provided in our contribution [2] for option 1a, which can be starting point for spec schange if option 1 is agreed..

Proposal: For the issue for PUSCH selection for UCI mulitplexing, both opton 1 and option 3a can be considered for further down-selection.
· Option 1: Solve the issue by introducing a UE capability + RRC for [Rel-17], and conclude that UE behavior follows a single implementation from [Rel-18] 
· Option 3a Capture the following in chairman’s note 
· It is observed that the spec-based implementation and conclusion-based implementation could result in different UE behaviors in some cases. 
· There exists implementations according to both implementations.
· It is recommended that any new implementation to follow the spec-based implementation (that is, ignore Conclusion made in RAN1#97). 

3. Conclusion
Ths issue of PUSCH selection rule for UCI multiplexing was discussed in this contribution and the following proposal was made.
Proposal: For the issue for PUSCH selection for UCI mulitplexing, both opton 1 and option 3a can be considered for further down-selection.
· Option 1: Solve the issue by introducing a UE capability + RRC for [Rel-17], and conclude that UE behavior follows a single implementation from [Rel-18] 
· Option 3a Capture the following in chairman’s note 
· It is observed that the spec-based implementation and conclusion-based implementation could result in different UE behaviors in some cases. 
· There exists implementations according to both implementations.
· It is recommended that any new implementation to follow the spec-based implementation (that is, ignore Conclusion made in RAN1#97).
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