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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#114 [1], five UE feature groups, 55-4a/b/c/d/e are endorsed for Rel-18 TEI on HARQ multiplexing. In this contribution, the remaining issue and details for the UE feature groups are further discussed.
Discussion
Dependency between FG 55-4a/b/c and 55-4d/e
[bookmark: _Hlk146704742]In RAN1#114, an FFS is left for 55-4a/b/c that dependency between 55-4d/e. The features 55-4a/b/c are intending to introduce the capabilities to support HARQ codebook construction scheduled after UL grant, and the features 55-4d/e would reflect UE support PUCCH resource changing and HARQ codebook size changing after UL grant respectively. The details of UE features are referred to the Appendix.
Two possible outcomes can be predicted when UE apply the HARQ codebook generation considering the PDSCH scheduled after UL grant. For example, if gNB indicate a total DAI in UL grant as 3, and schedule 5 bits HARQ information before the UL grant and 2bits HARQ information after, then the codebook size multiplexing on a PUSCH repetition is not changed, i.e. always 7 bits based on the TDAI value. Similarly, same PUCCH resource can be indicated by same PRI value before and after the UL grant. On the contrary, the codebook size could be changed, for example, 4bits HARQ are scheduled after, then the codebook size is 11bits after the UL grant, comparing with 7bits before.  PUCCH resource can be also distinguished by indicating different PRI. Thus, feature 55-4a/b/c could be the prerequisite of feature 55-4d/e and reported to gNB, whether same codebook size/PUCCH resource can be indicated by gNB based on reported UE capabilities. FFS in 55-4a/b/c can be removed
Proposal 1: FG 55-4a/b/c are the prerequisite of FG 55-4d/e, and FFS in FG 55-4a/b/c are removed.
Prerequisite of each UE features
[bookmark: _Hlk146707829]To support FG 55-4a/b/c, UE requires HARQ-ACK codebook generation FGs and PUSCH repetition FGs as prerequisite features. For HARQ codebook generation, FG 4-11/4-10/10-16 corresponding to Type 1/2/3 codebook respectively are considered. Since both Type-A and Type-B PUSCH repetitions are supported and the number of PUSCH repetitions can be scheduled or configured by the gNB, at least one of the FGs from {5-16, 5-17, 11-5, 11-6} should be supported as well.
To support FG 55-4d/e, as analyzed in above, the prerequisite could be at least one of FG 55-4a/b/c
Proposal 2: The prerequisites of FG 55-4a/b/c are FG 4-1, FG 4-11/4-10/10-16 corresponding to Type 1/2/3 codebook respectively, and at least one of the FGs from {5-16, 5-17, 11-5, 11-6}.
Granularity of UE features
The granularity of prerequisite feature is listed as below.
[bookmark: _Ref146806631]Table 1. Reporting Granularity for Prerequisites
	FG
	Granularity

	4-11
	Per UE

	4-10
	Per UE

	10-16
	Per Band

	5-16
	Per UE

	5-17
	Per UE

	11-5
	Per FS

	11-6
	Per UE


Following the LS [2] from RAN2, it would be simpler to define UE capabilities in the same or finer granularity than its pre-requisite, to avoid ambiguity. Considering the granularity of each prerequisite in Table 1, therefore, following granularity is proposed,
Proposal 3: The reporting granularity of 55-4a/b/c/d/e should be the smallest granularity among all the prerequisites, i.e. per FS.
Others highlight part
The FGs 55-4a/b/c/d/e can be applied FDD as well, and no TDD/FDD differentiation.
The FGs 55-4a/b/c/d/e can be applied to both FR1 and FR2.
Proposal 4: Endorse UE feature list in the Appendix for TEI-18 on HARQ-ACK multiplexing.
[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observations and proposals:
Proposal 1: FG 55-4a/b/c are the prerequisite of FG 55-4d/e, and FFS in FG 55-4a/b/c are removed.
Proposal 2: The prerequisites of FG 55-4a/b/c are FG 4-1, FG 4-11/4-10/10-16 corresponding to Type 1/2/3 codebook respectively, and at least one of the FGs from {5-16, 5-17, 11-5, 11-6}.
Proposal 3: The reporting granularity of 55-4a/b/c/d/e should be the smallest granularity among all the prerequisites, i.e. per FS.
Proposal 4: Endorse UE feature list in the Appendix for TEI-18 on HARQ-ACK multiplexing.
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Appendix: UE feature list for endorsed Rel-18 TEI on HARQ multiplexing
	Features
	Index
	Feature group
	Components
	[bookmark: _Hlk142329709]Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	55. TEI18
	55-4a
	Multiplexing Type-1 HARQ-ACK codebook for PDSCH scheduling after UL grant on PUSCH
	1. UE multiplexes Type-1 HARQ-ACK codebook on a repetition of a PUSCH transmission other than a first repetition, where ACK/NACK is generated for the HARQ-ACK codebook including HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling the PUSCH transmission. 
FFS dependency between 55-4d/55-4e
	4-1, 4-11, at least one of {5-16, 5-17, 11-5, 11-6}
	Yes
	N/A
	UE does not support to multiplex Type-1 HARQ-ACK codebook on non-initial a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for PDSCH scheduling after a UL grant.
	Per Band FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	55. TEI18
	55-4b
	Multiplexing Type-2 HARQ-ACK codebook for PDSCH scheduling after UL grant on PUSCH
	1. UE multiplexes Type-2 HARQ-ACK codebook on a repetition of a PUSCH transmission other than a first repetition, where the HARQ-ACK codebook includes HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling the PUSCH transmission. 
FFS dependency between 55-4d/55-4e
	4-1, 4-10, at least one of {5-16, 5-17, 11-5, 11-6}
	Yes
	N/A
	UE does not support to multiplex Type-2 HARQ-ACK codebook on non-initial a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for PDSCH scheduling after a UL grant.
	Per Band FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	55. TEI18
	55-4c
	Multiplexing Type-3 HARQ-ACK codebook for PDSCH scheduling after UL grant on PUSCH
	1. UE multiplexes Type-3 HARQ-ACK codebook on a repetition of a PUSCH transmission other than a first repetition, where the HARQ-ACK codebook includes HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling the PUSCH transmission
FFS dependency between 55-4d/55-4e
	4-1, 10-16, at least one of {5-16,5-17, 11-5, 11-6}
	Yes
	N/A
	UE does not support to multiplex Type-3 HARQ-ACK codebook on non-initial a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for PDSCH scheduling after a UL grant.
	Per Band FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	55. TEI18
	55-4d
	Determining a different PUCCH resource to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining a different PUCCH resource in a slot from the PUCCH resource indicated by the last DCI format before a UL grant in the slot, to include HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling a PUSCH transmission with repetitions and the HARQ-ACK information are multiplexed on a repetition of the PUSCH transmission other than a first repetition in the same slot.
	4-1, 4-10
At least one of {55-4a, 55-4b, 55-4c}
	Yes
	N/A
	UE does not support to determine a different PUCCH resource to transmit HARQ-ACK for PDSCH scheduled after UL grant.
	Per Band FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	55. TEI18
	55-4e
	Determining different codebook size to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining different codebook size in a PUCCH slot from the size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant, to include HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling a PUSCH transmission with repetitions and the HARQ-ACK information are multiplexed on a repetition of the PUSCH transmission other than a first repetition in the same slot.
	4-1, 4-10
At least one of {55-4a, 55-4b, 55-4c}
	Yes
	N/A
	UE does not support to determine different codebook size to transmit HARQ-ACK for PDSCH scheduled after UL grant.
	Per Band FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling



