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1 Introduction
In RAN1#115 meeting, the following agreement was made [1].
	Agreement
Update the previous agreement made RAN1#113 as following,
Agreement
If UCI multiplexing of different priorities is not enabled, the restriction on scheduling PDSCH after UL grant is removed for the case of PUSCH with repetitions except the first repetition
· UE generates Type-1 HARQ-ACK codebook according to the existing specification with the modification of setting the actual ‘ACK/NACK’ value corresponding to PDSCH(s) scheduled after the UL grant.
· UE generates Type-2/3 HARQ-ACK codebook according to the existing specification.
· For Type-2 CB, UL DAI is used for generating HARQ CB.
· This feature is subject to separate UE capabilities for type-1, type-2, and type-3 codebooks. 
· RRC parameter(s) to configure the function of scheduling PDSCH after a UL DCI format and multiplexing associated HARQ on a PUSCH repetition except the first repetition are introduced in Rel-18.
· Note: the number of PUSCH repetitions can be scheduled/configured by gNB.
· Note: same principle of current specification which UL DAI in UL grant is applied to each PUSCH repetition is reused.
· The timeline specified in TS 38.213 Clause 9.2.3 and 9.2.5 are satisfied, i.e. between the last PDSCH and PUCCH,  between the last PDCCH among UL grant /DL grant(s) and the earliest PUCCH or PUSCH.  
· Additional UE capabilities are introduced to support the following functions (UE will be configured by gNB to use the following features via RRC)
· HARQ-ACK codebook size change on a PUCCH slot
· PUCCH time domain resource change on a PUCCH slot
· The above feature cannot be simultaneously enabled with PUCCH carrier switching.



In RAN1#116 meeting, the following conclusion was made [2].
	Conclusion
· The Case 1 and Case 2 in R1-2400675 are supported by existing TEI agreements made in RAN1#115.
· Case 2 in R1-2400675 is supported with UE capability FG 55-4e.



The contribution discusses the remaining issues for multiplexing HARQ-ACK in a PUSCH if the DL grant comes after the UL grant.
2 Discussion
According to the conclusion made in RAN1#116 meeting, Case 2 in Figure 1 is supported with UE capability FG 55-4e. 
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Figure 1
The remaining issue is how to capture the conclusion in the specifications and the following is proposed.
Proposal 1: Adopt the following TP for Rel-18 TS 38.213.
Reason for change: Capture the following conclusion made in RAN1#116 in the specifications. 
Conclusion
· The Case 1 and Case 2 in R1-2400675 are supported by existing TEI agreements made in RAN1#115.
· Case 2 in R1-2400675 is supported with UE capability FG 55-4e.

Summary of change: Clarify that the case where HARQ-ACK corresponding to PDSCHs scheduled after UL grant would be scheduled in a PUSCH repetition that was not used for HARQ-ACK multiplexing corresponding to PDSCHs scheduled by DCI before UL grant is an error case if UE is not configured with enable-different-CBsize.
Consequences if not approved: Unclear UE behaviour.
	A UE does not expect to detect a first DCI format having associated HARQ-ACK information without scheduling a PDSCH reception, and indicating a resource for a PUCCH transmission with a HARQ-ACK codebook that would include the HARQ-ACK information in a slot if the UE
-	detects a second DCI format in a PDCCH monitoring occasion, that starts before a PDCCH monitoring occasion for the first DCI format, that schedules a PUSCH transmission in the slot, and 
-	multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot.
If a UE 
-	is not provided any of enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant, or 
-	is provided uci-MuxWithDiffPrio, or
-	transmits a PUSCH without repetitions or transmits a first repetition of a PUSCH transmission,
the UE does not expect to detect a first DCI format scheduling a PDSCH reception and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information that would be included in a HARQ-ACK codebook in a slot if the UE 
-	previously detects a second DCI format scheduling the PUSCH transmission in the slot, and 
-	multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot. 
If a UE 
-	is provided enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant, and 
-	is not provided uci-MuxWithDiffPrio, and
-	transmits a repetition of a PUSCH transmission other than a first repetition, 
the UE includes, in a HARQ-ACK codebook, HARQ-ACK information associated with a PDSCH reception scheduled by a first DCI format indicating a resource for a PUCCH transmission in a slot, when
-	the UE detects a second DCI format, in a PDCCH monitoring occasion that starts before the PDCCH monitoring occasion for the first DCI format, scheduling a PUSCH transmission in the slot, and
-	the UE multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot, and
-	the timeline conditions in clause 9.2.3 for PUCCH resource determination and the timeline conditions of  and  for multiplexing the HARQ-ACK information in the PUSCH, as described in clause 9.2.5, are satisfied, and
-	the UE does not expect to determine a different PUCCH resource in time domain for the PUCCH transmission with the HARQ-ACK information in the slot if the UE is not provided enable-different-PUCCHresource, and
-	the UE does not determine a different size for the HARQ-ACK codebook after including the HARQ-ACK information if the UE is not provided enable-different-CBsize
-	if based on a DAI value of the second DCI format the UE determines a first HARQ-ACK codebook, the UE does not expect to determine a second HARQ-ACK codebook that includes the HARQ-ACK information and has a different than the size of the first HARQ-ACK codebook
-	else, the UE does not expect the first DCI format to schedule a PDSCH reception with TBs having enabled HARQ-ACK information that is reported in the slot.



In RAN1#115, the HARQ-ACK overriding timeline is added in the agreement from RAN1#113 as shown above (in addition to the UCI multiplexing timeline). However, it is still possible that the current timeline requirements cannot ensure the required UE processing time. For example, if a UE indicates the capability of supporting PUCCH resource change in time domain in a PUCCH slot, it is possible that the final PUCCH after receiving the last DL grant does not overlap with the PUSCH repetition. An example is given in Figure 2. The UE first determines a PUCCH#1 with HARQ-ACK overlapping with a PUSCH repetition, i.e., PUSCH repetition#2 in a slot, and the UE would multiplex the HARQ-ACK in the PUSCH repetition if the UE does not receive any DL grant after the UL grant (as in legacy operation). However, if a Rel-18 UE receives a DL grant, after the UL grant, indicating HARQ-ACK report in the same slot, the UE should perform HARQ-ACK overriding and re-determine a PUCCH resource. If the later determined PUCCH#2 does not overlap with the PUSCH repetition, the UE should not multiplex HARQ-ACK in the PUSCH repetition. Therefore, it should be ensured that the UE has enough processing time to cancel the multiplexing of HARQ-ACK in the PUSCH repetition, i.e., the time gap between T0 (end of PDCCH with the DL grant) and T1 (start of PUSCH repetition#2) should be no less than a threshold. The current specifications define the timeline requirements only for the case where PUCCH#2 overlaps with the PUSCH repetition. The timeline for the above case should also be defined, for example, the multiplexing timeline defined in 9.2.5 can apply assuming PUCCH#2 overlaps with the PUSCH repetition #2.
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Figure 2
Observation 1: If a DL grant, after an UL grant, indicates a PUCCH transmission that does not overlap with the PUSCH repetition scheduled by the UL grant, and if the PDCCH reception with the DL grant does not end earlier than a predefined time from the beginning of the PUSCH repetition, a UE does not have enough processing time to cancel the multiplexing of HARQ-ACK in the PUSCH repetition. 
Proposal 1: Update the previous agreement made RAN1#115 as following,
Agreement
If UCI multiplexing of different priorities is not enabled, the restriction on scheduling PDSCH after UL grant is removed for the case of PUSCH with repetitions except the first repetition
· UE generates Type-1 HARQ-ACK codebook according to the existing specification with the modification of setting the actual ‘ACK/NACK’ value corresponding to PDSCH(s) scheduled after the UL grant.
· UE generates Type-2/3 HARQ-ACK codebook according to the existing specification.
· For Type-2 CB, UL DAI is used for generating HARQ CB.
· This feature is subject to separate UE capabilities for type-1, type-2, and type-3 codebooks. 
· RRC parameter(s) to configure the function of scheduling PDSCH after a UL DCI format and multiplexing associated HARQ on a PUSCH repetition except the first repetition are introduced in Rel-18.
· Note: the number of PUSCH repetitions can be scheduled/configured by gNB.
· Note: same principle of current specification which UL DAI in UL grant is applied to each PUSCH repetition is reused.
· The timeline specified in TS 38.213 Clause 9.2.3 and 9.2.5 are satisfied, i.e. between the last PDSCH and PUCCH,  between the last PDCCH among UL grant /DL grant(s) and the earliest PUCCH or PUSCH assuming the PUCCH resource indicated by a DL DCI format received after UL grant overlaps with the PUSCH repetition.  
· Additional UE capabilities are introduced to support the following functions (UE will be configured by gNB to use the following features via RRC)
· HARQ-ACK codebook size change on a PUCCH slot
· PUCCH time domain resource change on a PUCCH slot
· The above feature cannot be simultaneously enabled with PUCCH carrier switching.

3 Conclusion 
The contribution discusses the remaining issues for multiplexing HARQ-ACK in a PUSCH if the DL grant comes after the UL grant and the following observations and proposals are made.
Proposal 1: Adopt the following TP for Rel-18 TS 38.213.
Reason for change: Capture the following conclusion made in RAN1#116 in the specifications. 
Conclusion
· The Case 1 and Case 2 in R1-2400675 are supported by existing TEI agreements made in RAN1#115.
· Case 2 in R1-2400675 is supported with UE capability FG 55-4e.

Summary of change: Clarify that the case where HARQ-ACK corresponding to PDSCHs scheduled after UL grant would be scheduled in a PUSCH repetition that was not used for HARQ-ACK multiplexing corresponding to PDSCHs scheduled by DCI before UL grant is an error case if UE is not configured with enable-different-CBsize.
Consequences if not approved: Unclear UE behaviour.
	A UE does not expect to detect a first DCI format having associated HARQ-ACK information without scheduling a PDSCH reception, and indicating a resource for a PUCCH transmission with a HARQ-ACK codebook that would include the HARQ-ACK information in a slot if the UE
-	detects a second DCI format in a PDCCH monitoring occasion, that starts before a PDCCH monitoring occasion for the first DCI format, that schedules a PUSCH transmission in the slot, and 
-	multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot.
If a UE 
-	is not provided any of enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant, or 
-	is provided uci-MuxWithDiffPrio, or
-	transmits a PUSCH without repetitions or transmits a first repetition of a PUSCH transmission,
the UE does not expect to detect a first DCI format scheduling a PDSCH reception and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information that would be included in a HARQ-ACK codebook in a slot if the UE 
-	previously detects a second DCI format scheduling the PUSCH transmission in the slot, and 
-	multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot. 
If a UE 
-	is provided enable-Type1-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type2-HARQ-ACK-mux-forDLassignmentafterULgrant, or enable-Type3-HARQ-ACK-mux-forDLassignmentafterULgrant, and 
-	is not provided uci-MuxWithDiffPrio, and
-	transmits a repetition of a PUSCH transmission other than a first repetition, 
the UE includes, in a HARQ-ACK codebook, HARQ-ACK information associated with a PDSCH reception scheduled by a first DCI format indicating a resource for a PUCCH transmission in a slot, when
-	the UE detects a second DCI format, in a PDCCH monitoring occasion that starts before the PDCCH monitoring occasion for the first DCI format, scheduling a PUSCH transmission in the slot, and
-	the UE multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot, and
-	the timeline conditions in clause 9.2.3 for PUCCH resource determination and the timeline conditions of  and  for multiplexing the HARQ-ACK information in the PUSCH, as described in clause 9.2.5, are satisfied, and
-	the UE does not expect to determine a different PUCCH resource in time domain for the PUCCH transmission with the HARQ-ACK information in the slot if the UE is not provided enable-different-PUCCHresource, and
-	the UE does not determine a different size for the HARQ-ACK codebook after including the HARQ-ACK information if the UE is not provided enable-different-CBsize
-	if based on a DAI value of the second DCI format the UE determines a first HARQ-ACK codebook, the UE does not expect to determine a second HARQ-ACK codebook that includes the HARQ-ACK information and has a different than the size of the first HARQ-ACK codebook
-	else, the UE does not expect the first DCI format to schedule a PDSCH reception with TBs having enabled HARQ-ACK information that is reported in the slot.



Proposal 2: Update the previous agreement made RAN1#115 as following,
Agreement
If UCI multiplexing of different priorities is not enabled, the restriction on scheduling PDSCH after UL grant is removed for the case of PUSCH with repetitions except the first repetition
· UE generates Type-1 HARQ-ACK codebook according to the existing specification with the modification of setting the actual ‘ACK/NACK’ value corresponding to PDSCH(s) scheduled after the UL grant.
· UE generates Type-2/3 HARQ-ACK codebook according to the existing specification.
· For Type-2 CB, UL DAI is used for generating HARQ CB.
· This feature is subject to separate UE capabilities for type-1, type-2, and type-3 codebooks. 
· RRC parameter(s) to configure the function of scheduling PDSCH after a UL DCI format and multiplexing associated HARQ on a PUSCH repetition except the first repetition are introduced in Rel-18.
· Note: the number of PUSCH repetitions can be scheduled/configured by gNB.
· Note: same principle of current specification which UL DAI in UL grant is applied to each PUSCH repetition is reused.
· The timeline specified in TS 38.213 Clause 9.2.3 and 9.2.5 are satisfied, i.e. between the last PDSCH and PUCCH,  between the last PDCCH among UL grant /DL grant(s) and the earliest PUCCH or PUSCH assuming the PUCCH resource indicated by a DL DCI format received after UL grant overlaps with the PUSCH repetition.  
· Additional UE capabilities are introduced to support the following functions (UE will be configured by gNB to use the following features via RRC)
· HARQ-ACK codebook size change on a PUCCH slot
· PUCCH time domain resource change on a PUCCH slot
· The above feature cannot be simultaneously enabled with PUCCH carrier switching.
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