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1 Introduction
In this contribution, we discuss the following three issues:
Issue #1: Processing time consideration for HARQ-ACK multiplexing
Issue #2: HARQ-ACK multiplexing across cells with different numerologies
[bookmark: _Hlk525922294]Issue #3: Relation between PUCCH adaption and DL BWP switching

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Correction on Semi-Static HARQ-ACK Codebook
[bookmark: OLE_LINK69]Issue #1: Processing time consideration for HARQ-ACK multiplexing
In the RAN1#93 meeting, it was agreed that the size of semi-static HARQ-ACK codebook is independent of processing time constraints as follows: [1]
	[bookmark: OLE_LINK3]Agreements: (#93)
· Semi-static HARQ-ACK codebook size does not depend on the time duration between a last symbol for any PDSCH reception candidate and a first symbol for a PUCCH/PUSCH transmission that includes the HARQ-ACK codebook
· UE sets to NACK the HARQ-ACK bits in the HARQ-ACK codebook that correspond to PDSCH reception occasions that do not satisfy the above timing requirement
· No additional specification impact


[bookmark: OLE_LINK154][bookmark: OLE_LINK155]According to this agreement, the semi-static HARQ-ACK codebook may contain a HARQ-ACK information bit of which the corresponding PDSCH reception occasion does not meet the processing time constraint Tproc,1 defined in [2]. More precisely, in case that a time gap between the last symbol of the PDSCH reception occasion and the first symbol of the PUCCH carrying HARQ-ACK information may be less then Tproc,1, UE sets to NACK for the PDSCH reception occasion.
Also, the following UCI multiplexing rule is defined in TS38.213 [3].
	[bookmark: _Toc525657952][bookmark: OLE_LINK11][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK54][bookmark: OLE_LINK60][bookmark: _Hlk521721470]9.2.5	UE procedure for reporting multiple UCI types
…
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. 

If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions



-	 is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH, where  corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCH scheduling the PDSCH, the subcarrier spacing configuration of the PDSCH, and the smallest subcarrier spacing configuration for the group of overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the reception of the PDSCH 




-	 is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release, where  is described in Subclause 10.2 and  corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCH providing the SPS PDSCH release and the smallest subcarrier spacing configuration for the group of overlapping PUCCHs or overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the detection of the SPS PDSCH release 
… 
A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.
…





[bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: _Hlk525915040][bookmark: OLE_LINK156][bookmark: _Hlk525915127]From the above UCI multiplexing rule, if a UE is scheduled to transmit a PUCCH containing a HARQ-ACK information bit of which the corresponding PDSCH does not meet  time constraint, then the UE does not expect any PUSCH or PUCCH overlapping with the PUCCH. Note that there are one symbol time margin to multiplex the HARQ-ACK information in the PUSCH transmission. As mentioned earlier, the semi-static HARQ-ACK codebook already contains HARQ-ACK not satisfying Tproc,1 time constraint, and then the PUCCH carrying this semi-static HARQ-ACK codebook would not satisfy the time constraint as well. As a result, this HARQ-ACK codebook would not be multiplexed into PUSCH or any other PUCCH. To address this issue, it is desirable that when the  processing time constraint is checked, the PDSCH reception occasion in the HARQ-ACK codebook not satisfying the Tproc,1 processing time constraint should be skipped. Based on this observation, we propose the following text proposal.

· [bookmark: OLE_LINK162][bookmark: OLE_LINK163][bookmark: OLE_LINK164]Proposal 1. Adopt the following text proposal in Section 9.2.5 in TS38.213.
	[bookmark: _Toc517265066][bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK170]9.2.5	UE procedure for reporting multiple UCI types
…
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. 

If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions



-	 is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH satisfying the processing time constraint defined in Section 5.3 of [6, TS 38.214], where  corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCH scheduling the PDSCH, the subcarrier spacing configuration of the PDSCH, and the smallest subcarrier spacing configuration for the group of overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the reception of the PDSCH 




-	 is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release satisfying the processing time constraint defined in Section 10.2, where  is described in Subclause 10.2 and  corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCH providing the SPS PDSCH release and the smallest subcarrier spacing configuration for the group of overlapping PUCCHs or overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the detection of the SPS PDSCH release 
…
A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.
[bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK153]…



[bookmark: _Hlk525913346]Issue #2: HARQ-ACK multiplexing across cells with different numerologies
In the last RAN1#94 meeting, HARQ-ACK multiplexing rules are intensively discussed and the following agreements were made [4]:
	Agreements: (#94)
· The UE multiplexes HARQ-ACK in any slot of a multi-slot PUSCH transmission where the UE would otherwise transmit HARQ-ACK in a single slot PUCCH transmission, based on the HARQ timeline
· DAI is applicable in any slot where the UE would transmit HARQ-ACK


Here, we present the remaining issues on HARQ-ACK multiplexing especially on the cases that PUCCH cell SCS is different from PUSCH cell SCS. 

Case 1) No repetition. PUCCH cell SCS > PUSCH cell SCS
[image: ]
Figure 1. Example of Case 1

In this case, one PUSCH may be overlapped with more than one PUCCH with semi-static HARQ-ACK codebooks. If UL-DAI is indicated to multiplex HARQ-ACK information in the PUSCH transmission (i.e. UL-DAI=1), then all HARQ-ACK codebooks in the PUCCHs are needed to be multiplexed in the PUSCH transmission. For example, as shown in Figure 1, there are two PUCCHs with semi-static HARQ-ACK codebooks overlapping with one PUSCH. To multiplex two HARQ-ACK codebooks, it is needed to determine how to construct overall HARQ-ACK codebook. Two options can be considered as follows:
· Opt1) concatenate HARQ-ACK codebooks overlapped with the PUSCH transmission
· [bookmark: _Hlk525913582]Opt2) concatenate HARQ-ACK codebooks overlapped with the PUSCH transmission excluding duplicated PDSCH reception occasions
Opt1 is a simple method of concatenating two HARQ-ACK codebooks sequentially. Therefore, the total size of the overall HARQ-ACK codebook is the sum of the size of each HARQ-ACK codebook. From an implementation perspective, this option is very simple and preferred. However, some of the HARQ-ACK information bits may be duplicated because two HARQ-ACK codebooks may share the same PDSCH reception occasions. If the HARQ-ACK information bits for the duplicated PDSCH reception occasion are excluded from the overall HARQ-ACK codebook, the size would be reduced and thus would be better in terms of network efficiency.

· [bookmark: _Hlk525914643]Proposal 2-1: In case that one PUSCH is overlapped with multiple PUCCHs containing different semi-static HARQ-ACK codebooks, adopt one of constructing rules for overall semi-static HARQ-ACK codebook to be multiplexed in the PUSCH transmission
· Opt1) concatenate HARQ-ACK codebooks overlapped with the PUSCH transmission
· Opt2) concatenate HARQ-ACK codebooks overlapped with the PUSCH transmission excluding duplicated PDSCH reception occasions

Case 2) No repetition. PUCCH cell SCS < PUSCH cell SCS
[image: ]
Figure 2. Example of Case 2

In this case, one PUCCH may be overlapped with more than one PUSCH scheduled by each PDCCH. Since each PDCCH scheduling the PUSCHs has own UL DAI value, then a UE can be indicated which PUSCH transmission is used to be multiplexed. In other words, the HARQ-ACK information can be multiplexed in the PUSCH transmission with UL DAI value of 1. 
· [bookmark: _Hlk525921149][bookmark: _Hlk525914652][bookmark: _Hlk525920879][bookmark: _Hlk525921001]Proposal 2-2: In case that one PUCCH is overlapped with PUSCHs scheduled by each PDCCH, the HARQ-ACK codebook in the PUCCH is multiplexed in the PUSCH(s) with a UL DAI value of 1
· No spec impact.

Case 3) PUCCH repetition. PUCCH cell SCS > PUSCH cell SCS
[image: ]
Figure 3. Example of Case 3

In this case, one PUSCH may be overlapped with one multi-slot PUCCH indicated by one PDCCH. Contrary to Case 1, since HARQ-ACK codebooks in each PUCCH are the same, there are no issues to construct overall HARQ-ACK codebook. It is natural to multiplex the same HARQ-ACK codebook in the PUSCH transmission. 
· Proposal 2-3: In case that one PUSCH is overlapped with one multi-slot PUCCH, the HARQ-ACK codebook in the multi-slot PUCCH is multiplexed in the PUSCH transmission
· No spec impact.

Case 4) PUSCH repetition. PUCCH cell SCS < PUSCH cell SCS
[image: ]
Figure 4. Example of Case 4

In this case one PUCCH may be overlapped with one multi-slot PUSCH scheduled by one PDCCH. Contrary to Case 2, there is only one UL DAI value. There are various ways to multiplex HARQ-ACK codebook in the PUSCH transmission. The first option is to multiplex the HARQ-ACK codebook in the PUSCH transmissions in every slot overlapped with the PUCCH. This option can provide higher coding gain for the HARQ-ACK information since the HARQ-ACK codebook is repeated over the multiple slots overlapped with the PUCCH. However, it would result in low coding gain for UL-SCH. Another option is to multiplex the HARQ-ACK codebook in the PUSCH transmission in one slot among the slots overlapped with the PUCCH and not to multiplex in the remaining slots. Considering latency of the HARQ-ACK information, it is desired to select the first slot among the slots overlapped with the PUCCH. This option would provide good coding gain for UL-SCH as well as HARQ-ACK information. Thus, we propose the following proposal. 
· Proposal 2-4: In case that one PUCCH is overlapped with one multi-slot PUSCH, the HARQ-ACK codebook is multiplexed into the PUSCH in the first slot overlapped with the PUCCHs. 

[bookmark: _Hlk525913366]Issue#3: Relation between PUCCH adaption and DL BWP switching
	[bookmark: _Ref500241945][bookmark: _Toc525657950]9.2.3	UE procedure for reporting HARQ-ACK
…










If a UE detects a first DCI format 1_0 or DCI format 1_1 indicating a first resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot and also detects at a later time a second DCI format 1_0 or DCI format 1_1 indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a PUCCH resource in the slot if the PDCCH reception that includes the second DCI format is not earlier than  symbols from a first symbol of the first resource for PUCCH transmission in the slot where, for UE processing capability 1 and subcarrier spacing configuration ,  for ,  for ,  for ,  for . 


A network shall provide at least N3-symbol processing time to process/decode PDCCH/PDSCH and generate PUCCH containing the HARQ-ACK information. Since PUCCH resource to carry HARQ-ACK information is determined by the PUCCH resource indicator in the last detected PDCCH, at least N3 symbol gap is needed between the last PDCCH and the PUCCH carrying the HARQ-ACK information. This is already reflected in TS38.213.
	Agreements: (#92)
· When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching 


[bookmark: _Hlk525910088][bookmark: _Hlk525907986]One remaining issue is how to handle the case that a UE detects a PDCCH switching DL BWP. In the RAN1#92 meeting, it was agreed that the HARQ-ACK information corresponding to PDSCH transmission before DL BWP switching is excluded from semi-static HARQ-ACK codebook [5]. If a UE detects a PDCCH switching DL BWP within the N3 symbol gap, the UE would re-construct the semi-static HARQ-ACK codebook and some of HARQ-ACK bits may be excluded as well. As a result, the size of semi-static HARQ-ACK codebook may be reduced and finally the PUCCH resource set may be changed. Therefore, the PUCCH resource to carry HARQ-ACK information may be changed due to the PDCCH switching DL BWP within the N3 symbol gap. 
· Observation: The PUCCH resource to carry HARQ-ACK information may be changed due to the PDCCH switching DL BWP within the N3 symbol gap.

To address this issue, two options can be considered: 
· [bookmark: _Hlk525911473]Opt1) A UE does not expect to receive a PDCCH switching DL BWP within the N3 symbol gap
· Opt2) If a UE detects a PDCCH switching DL BWP within the N3 symbol gap, then the HARQ-ACK information corresponding to PDSCH transmission before the DL BWP switching is not excluded from semi-static HARQ-ACK codebook
[bookmark: _Hlk525912039]Option 1 is to limit the DL BWP switching occasion. If the DL BWP switching is utilized to latency-insensitive services, option 1 would be good compromise. However, since the L1-signaling used to adapt DL BWP can accommodate fast DL BWP switching according to traffic patterns, service requirements (e.g. URLLC), and channel environments, it would not be a right way to limit DL BWP switching occasion in general. Option 2 is to modify the semi-static HARQ-ACK codebook construction rule. Based on this modification, the size of the semi-static HARQ-ACK codebook is independent to the reception of a PDCCH switching DL BWP. 

· [bookmark: _Hlk525914683]Proposal 3: Adopt one of two options to resolve an issue of PUCCH resource change due to DL BWP switching: 
· Opt1) A UE does not expect to receive a PDCCH switching DL BWP within the N3 symbol gap
· Opt2) If a UE detects a PDCCH switching DL BWP within the N3 symbol gap, then the HARQ-ACK information corresponding to PDSCH transmission before the DL BWP switching is not excluded from semi-static HARQ-ACK codebook

3 Conclusion
In this contribution, we discussed the remaining issues on the HARQ-ACK multiplexing and the following proposals were presented. 
· Proposal 1. Adopt the following text proposal in Section 9.2.5 in TS38.213.
	9.2.5	UE procedure for reporting multiple UCI types
…
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. 

If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions



-	 is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH satisfying the processing time constraint defined in Section 5.3 of [6, TS 38.214], where  corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCH scheduling the PDSCH, the subcarrier spacing configuration of the PDSCH, and the smallest subcarrier spacing configuration for the group of overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the reception of the PDSCH 




-	 is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release satisfying the processing time constraint defined in Section 10.2, where  is described in Subclause 10.2 and  corresponds to the smallest subcarrier spacing configuration among the subcarrier spacing configuration of the PDCCH providing the SPS PDSCH release and the smallest subcarrier spacing configuration for the group of overlapping PUCCHs or overlapping PUCCHs and PUSCHs where the UE transmits HARQ-ACK information in response to the detection of the SPS PDSCH release 
…
A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.



· Proposal 2-1: In case that one PUSCH is overlapped with multiple PUCCHs containing different semi-static HARQ-ACK codebooks, then construct overall semi-static HARQ-ACK codebook to be multiplexed in the PUSCH transmission
· Opt1) concatenate HARQ-ACK codebooks overlapped with the PUSCH transmission
· Opt2) concatenate HARQ-ACK codebooks overlapped with the PUSCH transmission excluding duplicated PDSCH reception occasions
· Proposal 2-2: In case that one PUCCH is overlapped with PUSCHs indicated by each PDCCH, the HARQ-ACK codebook in the PUCCH is multiplexed in the PUSCH(s) with a UL DAI value of 1
· No spec impact.
· Proposal 2-3: In case that one PUSCH is overlapped with one multi-slot PUCCH, the HARQ-ACK codebook in the multi-slot PUCCH is multiplexed in the PUSCH transmission
· No spec impact.
· Proposal 2-4: In case that one PUCCH is overlapped with one multi-slot PUSCH, the HARQ-ACK codebook is multiplexed into the PUSCH in the first slot overlapped with the PUCCHs. 
· Proposal 3: Adopt one of two options to resolve issue of PUCCH resource change due to DL BWP switching:
· Opt1) A UE does not expect to receive a PDCCH switching DL BWP within the N3 symbol gap
· Opt2) If a UE detects a PDCCH switching DL BWP within the N3 symbol gap, then the HARQ-ACK information corresponding to PDSCH transmission before the DL BWP switching is not excluded from semi-static HARQ-ACK codebook
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