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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we address our views about details. Many discussion topics are similar to both PUCCH and PUSCH, and we mainly describe our views about PUCCH in the first section, and PUSCH in the next section.
2. Discussion
2.1. Multiplexing on PUCCH
Multiplexing framework:
	Working Assumption
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable



In the previous meeting, the above working assumption was derived. It is the basic framework and discussions are needed to avoid recursive behavior. 
Some LP UCI types can be dropped during the Step 2. However, each UCI type is associated with a PUCCH resource, and it could be recursive if we consider only valid LP UCI types. When part of LP UCI is dropped as a payload, it leads to the reduction of LP UCI size and also impact to the PUCCH resource set selection and the encoding, etc. When part of UCI is dropped as a resource, it impacts to the PUCCH resource selection.
Considering SR, LP UCI with LP SR and HP UCI with HP SR can collide. The final PUCCH resource can have both LP SR and HP SR, but we do not need both. The UE can include only HP SR and drop LP SR as a payload but not as a resource. It can be similarly applied to the CSI.
[bookmark: _Ref83894329]Proposal 1: Confirmed the above working assumption about the multiplexing framework.
[bookmark: _Ref83894336]Proposal 2: If some LP UCI (i.e., CSI or SR) is dropped, then it is dropped as a payload.
If HP ULCH (PUCCH or PUSCH) overlaps to two or more LP ULCHs, then the UE can choose only HP ULCH, or both HP ULCH and LP ULCHs. The treating LP UCI would be complicated and we prefer to avoid by gNB indication, i.e., the multiplexing is disabled. 
[bookmark: _Ref83894349]Proposal 3: No special handling for multiplexing two or more LP ULCHs with a HP ULCH.

Explicit indication for enabling multiplexing:
	Proposal for 1st round discussion: from the feature lead summary R1-2108556
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, at least support RRC configuration for gNB to enable/disable the multiplexing.
· FFS whether or not to additionally introduce DCI indication to enable/disable the multiplexing.
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.v



The scheduling DCI can schedule either HP TB(s) or LP TB(s). There are two alternatives: one alternative is to use PUCCH for the LP TB and the other alternative is to use PUCCH for the HP TB. Regardless of either alternative, the scheduling DCI should indicate to multiplex or prioritize. Otherwise, PUCCH resource should indicate more REs than it is probably used. As a result, the LP UCI has always to less REs if either puncturing or rate matching is applied by the HP UCI. Therefore, we believe that multiplexing should be indicated dynamically. The scheduling DCI can have an additional field to enable this.
When an SPS is activated, DCI is involved as an activating DCI. The activating DCI can decide whether or not multiple HP UCI and LP UCI, but we prefer to have this field in the RRC signalling because CG type 1 PUSCH would have this field in the RRC signalling and it is rather beneficial to have a unified solution to SPS and CG.
[bookmark: _Ref54222104]Proposal 4: The scheduling DL-DCI has an additional field whether or not to allow multiplex HP UCI and LP UCI, or otherwise by the RRC signalling.
At least for SPS PDSCH, there is no scheduling DCI to produce HARQ-ACK. When HP SPS HARQ-ACK is multiplexed with LP HARQ-ACK from LP DCI, the LP DCI can indicate the final PUCCH resource. Inherently, the PUCCH resource can be chosen in the second PUCCH-Config if the HP UCI and LP UCI are multiplexed. 
Some companies do not support multiplexing in this case, however we still think this should be supported. As the DCI can tell whether or not to multiplex, more flexible solution can be beneficial.
[bookmark: _Ref79118686]Proposal 5: The LP DCI determines the final PUCCH resource in at least for the HP SPS case.
Transmission power aspect:
In the Rel-16, the power for PUCCH depends on the payload. Coding scheme is also one of inputs to determine the power for PUCCH. When LP UCI and HP UCI are multiplexed, we need to devise how to count the effective number of bits and how to calculate the offset to compensate the payload from the other priority.
[bookmark: _Ref54222112]Proposal 6: In order to adjust the power of PUCCH for payload from the other priority, the applied code rate can be used for scaling factor.
Different power offset such as  is applied for each priority, or different formula for  would be introduced. We think that it does not impact to the RRC signalling and we can postpone the discussion in the next meeting.
2.2. Multiplexing on PUSCH
Indication for enabling multiplexing:
	Proposal for 1st round discussion: from the feature lead summary R1-2108556
For multiplexing a HARQ-ACK into a PUSCH with different priorities in R17, at least support RRC configuration for gNB to enable/disable the multiplexing.
· FFS whether or not to additionally introduce dynamic mechanism, e.g. DCI indication, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.



In the Rel-16, multiplexing UCI is performed by puncturing TB or by rate matching. When two priorities are concerned, the scheduling DCI can indicate to multiplex LP UCI or drop, while HP UCI is being multiplexed. Depending on the scheduling, the amount of REs for TB may or may not be sufficient after UCI multiplexing. Therefore, we believe that multiplexing should be indicated dynamically. The scheduling DCI can have an additional field to enable this. This is a unified approach to both DL-DCI and UL-DCI.
When an configured grant is activated, DCI is involved as an activating DCI for CG type2. The activating DCI can decide whether or not multiple HP UCI and LP UCI, but we prefer to have this field in the RRC signalling because CG type1 would have this field in the RRC signalling and it is rather beneficial to have a unified solution to SPS and CG.
[bookmark: _Ref54222145]From the previous agreement, there are (up to) four pairs of beta offsets, each of which pairs is indicated by the DCI field. Either one value is for LP HARQ-ACK and the other value is for HP HARQ-ACK, and zero value has been discussed to indicate not to multiplex LP HARQ-ACK. We think that including zero value in the beta offset might not be flexible enough.
In our understanding, the set of beta offsets can be interpreted differently according to the presence of LP HARQ-ACK or not. Based on the same size of beta offset field, the two behavior of multiplexing UCI types or multiplexing LP HARQ-ACK should be distinguished. If one value of beta is zero, then the number of cases for beta offsets are quite limited. 
As an example, if a UE determines that no LP HARQ-ACK bits are present, then the beta offset field can be interpreted as for different UCI types such as HARQ-ACK and CSI part1 and part2. If a UE determines that LP HARQ-ACK bits are present, then the beta offset field can be interpreted as for HP HARQ-ACK and LP HARQ-ACK. Since DTX events are unavoidable, we think that additional field should be (re)used to indicate which interpretation is taken. Otherwise, beta offset field should be able to extend to express a number of multiplexing cases. However, if we introduce a field to indicate multiplex/prioritize, then it is simple and similar design with the PUCCH case.
[bookmark: _Ref71708922]Proposal 7: The scheduling UL-DCI has an additional field whether or not to allow multiplex HP UCI and LP UCI, or otherwise by the RRC signalling.
Regarding the UCI types, in addition to HARQ-ACK, the CSI and SR can be further considered. Following the working assumption, the UE makes the final PUCCH resource and perform multiplexing. In our knowledge, discussion about CSI and SR on PUSCH does not begin because most companies consider HARQ-ACK multiplexing issues are more urgent. The other UCI types (CSI and SR) can be further multiplexed because in our understanding there is no clear reason to exclude or choose some UCI types. Furthermore, we expect no specification efforts because no special handling or optimization specific to some UCI type may be required in our understanding.
[bookmark: _Ref83894373]Proposal 8: UCI into a PUSCH with different priorities can be applied to any type.
Regarding the unlicensed operation, the CG PUSCH may include CG-UCI. The CG PUSCH can carry HARQ-ACK by joint encoding of CG-UCI and HARQ-ACK. Due to the possible UL skipping, the gNB should detect all PUSCH or PUCCH to receive either of them. The situation gets worse when we consider two priority indices. For performance perspective, we prefer to allow a UE to indicate whether HP UCI and LP UCI are multiplexed or not. If a PUSCH has enough REs, then UE can multiplex both HP UCI and LP UCI, and otherwise, the UE can prioritize either HP PUCCH or HP PUSCH. The CG-UCI may have additional field to support this feature.
[bookmark: _Ref83979557]Proposal 9: The CG-UCI has an additional field whether or not to multiplex HP UCI and LP UCI.
PUSCH with more than one PUCCHs:
In the Rel-16, the PUSCH repetition type B allow piggybacking only one HARQ-ACK codebook for URLLC scenario. Following this rule, up to one PUCCH can be overlapped. However, also in the Rel-16, the joint codebook can be configured for mTRP scenario. Each HARQ-ACK codebook is concatenated and they form an HARQ-ACK codebook. Following this rule, more than one PUCCH can be overlapped.
If we can introduce an additional rule to build an extended HARQ-ACK codebook, then more than one HARQ-ACK codebook may be transmitted onto PUSCH repetition(s). Similarly, one PUSCH repetition can be conceptually regarded as a PUCCH. In this case, subslot based HARQ-ACK codebooks may be transmitted even in one PUSCH repetition. We would propose to concatenate subslot based HARQ-ACK codebooks if they are multiplexed onto one UL channel. We also note that if the additional rule is adopted, then this rule can be applied to both PUSCH and PUCCH.
[bookmark: _Ref54222171]Proposal 10: For HARQ-ACK codebook construction, sub-slot based HARQ-ACK codebooks are concatenated, and may be transmitted for PUSCH repetition.
Transmission power aspect:
In the Rel-16, the power for PUCCH in the given format depends on the payload. Coding scheme is also one of inputs to determine the power for PUCCH. When LP UCI and HP UCI are multiplexed, we need to devise how to count the effective number of bits and how to calculate the offset from the other priority. As we commented earlier, this discussion is necessary but not urgent.
[bookmark: _Ref54368789]Proposal 11: Further discuss how to adjust the power of PUSCH for payload from the other priority.
3. Conclusion
Regarding PUCCH transmissions, we would like to suggest the followings.
Proposal 1: Confirmed the above working assumption about the multiplexing framework.
Proposal 2: If some LP UCI (i.e., CSI or SR) is dropped, then it is dropped as a payload.
Proposal 3: No special handling for multiplexing two or more LP ULCHs with a HP ULCH.
Proposal 4: The scheduling DL-DCI has an additional field whether or not to allow multiplex HP UCI and LP UCI, or otherwise by the RRC signalling.
Proposal 5: The LP DCI determines the final PUCCH resource in at least for the HP SPS case.
Proposal 6: In order to adjust the power of PUCCH for payload from the other priority, the applied code rate can be used for scaling factor.
Regarding PUSCH transmissions, we would like to suggest the followings. 
Proposal 7: The scheduling UL-DCI has an additional field whether or not to allow multiplex HP UCI and LP UCI, or otherwise by the RRC signalling. 
Proposal 8: UCI into a PUSCH with different priorities can be applied to any type.
Proposal 9: The CG-UCI has an additional field whether or not to multiplex HP UCI and LP UCI.
[bookmark: _GoBack]Proposal 10: For HARQ-ACK codebook construction, sub-slot based HARQ-ACK codebooks are concatenated, and may be transmitted for PUSCH repetition.
Proposal 11: Further discuss how to adjust the power of PUSCH for payload from the other priority.
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