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1. Introduction
This document summarizes contributions submitted to AI 8.12.5 regarding UE features for TEIs.
[bookmark: _Hlk85011108]According to the updated UE features list agreed in RAN1#115 [1], there are following feature groups for TEI18.
· FGs for additional periodicity of the scheduling request
· 55-1	additionalSR-Periodicities-r18
· FGs for 1-symbol PRS
· 55-2a	1-symbol PRS for MG-based measurement in RRC_CONNECTED state
· 55-2b	1-symbol PRS for outside MG in RRC_CONNECTED state
· 55-2c	1-symbol PRS in RRC_INACTIVE state
· 55-2d	1-symbol PRS for PDC
· FGs for multi-PUSCH scheduling with single DCI
· 55-3	Multiple PUSCHs scheduling by single DCI for non-consecutive slots in FR1
· FGs for HARQ multiplexing for PDSCH scheduling after UL grant on PUSCH
· 55-4a	Multiplexing Type-1 HARQ-ACK codebook in a PUSCH for PDSCH scheduled after UL grant
· 55-4b	Multiplexing Type-2 HARQ-ACK codebook in a PUSCH for PDSCH scheduled after UL grant
· 55-4c	Multiplexing Type-3 HARQ-ACK codebook in a PUSCH for PDSCH scheduled after UL grant
· 55-4d	Determining a different PUCCH resource to transmit HARQ-ACK for PDSCH scheduled after UL grant
· 55-4e	Determining different codebook size to transmit HARQ-ACK for PDSCH scheduled after UL grant
· FGs for pathloss RS updates for Type 1 CG-PUSCH
· 55-5	Enable MAC CE based pathloss RS updates for Type 1 CG-PUSCH
· FGs for span-based PDCCH monitoring with additional restrictions
· 55-6	(2, 2) span-based PDCCH monitoring with additional restriction(s)
· 55-6a	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
· 55-6b	Mix of Rel-16 PDCCH monitoring capability and Rel. 15 PDCCH monitoring capability on different carriers
· 55-6c	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
· 55-6d	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span for MCG and for SCG when configured for NR-DC operation with Rel-16 PDCCH monitoring on all the serving cells
· 55-6e	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
· 55-6f	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells with restriction for non-aligned span case
· 55-6g	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers with restriction for non-aligned span case
· 55-6h	PDCCH repetition for Rel-16 PDCCH monitoring
· [bookmark: _Hlk147008891]FGs for multi-DCI based multi-TRP
· 55-7	Two QCL TypeD for CORESET monitoring in multi-DCI based multi-TRP
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2. FGs for HARQ multiplexing for PDSCH scheduling after UL grant on PUSCH
In [1], FGs for HARQ multiplexing for PDSCH scheduling after UL grant on PUSCH are captured as below.
	Features
	Index
	Feature group
	Components
	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 in a PUSCH for PDSCH scheduled after UL grant
	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. 
	4-11, one of {5-17, 11-5}
	Yes
	N/A
	UE does not support to multiplex Type-1 HARQ-ACK codebook in a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for a PDSCH scheduled after the UL grant scheduling the PUSCH.
	Per Band
	N/A
	N/A
	N/A
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.

UE does not expect to determine a different [PUCCH resource] in a slot from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.
	Optional with capability signaling

	55. TEI18
	55-4b
	Multiplexing Type-2 HARQ-ACK codebook in a PUSCH for PDSCH scheduled after UL grant
	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. 
	4-10, one of {5-17, 11-5}
	Yes
	N/A
	UE does not support to multiplex Type-2 HARQ-ACK codebook in a PUSCH repetition when the Type-2 codebook includes HARQ-ACK information for a PDSCH scheduled after the UL grant scheduling the PUSCH.
	Per Band
	N/A
	N/A
	N/A
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.

UE does not expect to determine a different [PUCCH resource] in a slot from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.
	Optional with capability signaling

	55. TEI18
	55-4c
	Multiplexing Type-3 HARQ-ACK codebook in a PUSCH for PDSCH scheduled after UL grant
	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
	10-16, one of {5-17, 11-5}
	Yes
	N/A
	UE does not support to multiplex Type-3 HARQ-ACK codebook in a PUSCH repetition when the Type-3 codebook includes HARQ-ACK information for a PDSCH scheduled after the UL grant scheduling the PUSCH.
	Per Band
	N/A
	N/A
	N/A
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.

UE does not expect to determine a different [PUCCH resource] in a slot from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.
	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.
	One of {FG 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
	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.
	One of {FG 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
	N/A
	N/A
	N/A
	
	Optional with capability signaling



Following inputs are provided in contributions for the RAN1#116 meeting.
	[2]
	Nokia, NSB
	RAN1#115 made the following update to the RAN1#113 agreement for a new TEI item:
	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. [image: ]between the last PDSCH and PUCCH, [image: ] 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.



Proposal 6.1: Add the following note to FGs 55-4a/b/c: This feature cannot be simultaneously enabled with any of the PUCCH cell switching FGs 25-9/9a/10/10a/10b/10c

FGs 55-4a/b/c have the following open item in the notes: 
UE does not expect to determine a different [PUCCH resource] in a slot from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.
We suggest removing the square brackets and adding the “time domain” clarification according to the RAN1#115 agreement to the note.
Proposal 6.2: Modify a note in FGs 55-4a/b/c as follows: 
UE does not expect to determine a different [PUCCH time domain resource] in a slot from the [PUCCH time domain resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.

	[3]
	Huawei, HiSilicon
	Following the LS [7] from RAN2, to avoid ambiguity, the granularities of UE capabilities are usually same as or finer than their prerequisites. Considering the granularity of each prerequisite in Table 1, therefore, it is better to define the granularity of FS 55-4a/b/c/d/e as “Per FS”.
[bookmark: _Ref146806631]Table 1. Reporting Granularity for Prerequisites
	FG
	Granularity

	4-11
	Per UE

	4-10
	Per UE

	10-16
	Per Band

	5-17
	Per UE

	11-5
	Per FS


[bookmark: _Hlk156991305]Considering the possibilities that UE may support same capabilities in different band combinations, a coarser granularity, such as “Per band” may be enough. In such a case, if coarser granularity for a certain FG, for example, FG55-4a, is allowed, then it should be clarified in the Note that the corresponding prerequisite only needs to be supported on the band in each of band combination reported in BandCombinationList. An example note could be: “It is RAN1 understanding that this FG is supported on the band(s) in the corresponding band combination(s) where the UE reports the support of the prerequisite FG”.
Proposal 6: It is better to define the reporting granularity of 55-4a/b/c/d/e as the smallest granularity of the prerequisites, i.e. “per FS”. If coarser granularity, e.g. “per band” is allowed, then the following sentence should be added to the note(s) of corresponding FG(s).
· it is RAN1 understanding that this FG is supported on the band(s) in the corresponding band combination(s) where the UE reports the support of the prerequisite FG

The agreement of TEI is updated in RAN1 #115 as below (the update is colored in red).
	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 update agreement restricts the UE capability of PUCCH resource changing only in time domain. Accordingly, the content within the first bracket of FG 55-4a/4b/4c’ notes should be updated as “PUCCH resource in time domain” and the second bracket can be removed directly.
Proposal 7: For the note of FG 55-4a/b/c, the bracket of [PUCCH resource] is removed and update the “PUCCH resource” as “PUCCH resource in time domain” in the first bracket.
Consequence of FG 55-4d/4e
For the consequence of FG 55-4d, the wording “PUCCH resource” is updated as “PUCCH resource in time domain”.
The consequence of FG 55-4e can be agreed directly. 
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.


	[4]
	Ericsson
	The agreement regarding the endorsed TEI on [HARQ-ACK MUX on PUSCH] was updated in RAN1#115 as the following:
	Agreement (RAN1#115)
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 our companion contribution [3] we discussed the according to the agreement, when the restriction on scheduling PDSCH after UL grant is removed, a UCI including a HARQ-ACK of a PDSCH(s) scheduled by a DCI format(s) after UL grant can be multiplexed in a PUSCH repetition except the first repetition PUSCH. The agreement imposes additional conditions on a same HARQ-ACK codebook size and same time allocation of PUCCH resource in a slot for the case when the UCI additionally includes HARQ-ACK corresponding to PDSCH(s) scheduled by DCI format(s) before the UL grant (See Case 1 in Figure 1 below). However, the agreement for removing scheduling restriction after UL grant, does not exclude the case when the UCI only includes HARQ-ACK corresponding to PDSCH(s) scheduled by DCI(s) after the UL grant. The current endorsed CR [4] excludes the case when the UCI only includes HARQ-ACK corresponding to PDSCH(s) scheduled by DCI(s) after the UL grant and hence (See Case 2 in Figure 1 below). 

We have proposed a text proposal in our companion contribution [3] to update the endorsed CR accordingly to capture the agreement. The proposed updates aim to correct that the case for same codebook size and same PUCCH resource in time domain in a PUSCH slot is only applicable if there is a PUCCH based on HARQ-ACK corresponding to PDSCHs scheduled before the UL grant in the PUSCH slot. Otherwise, the feature forces the gNB to utilize scheduling relaxation under the following conditions:
· The gNB has to schedule PDSCH before UL grant with a corresponding PUCCH overlapping with a PUSCH repetition except first repetition. AND
· The PDSCH scheduled after UL grant can only have corresponding PUCCH overlapping with that PUSCH repetition, and not other PUSCH repetitions except.

[image: A screenshot of a computer
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[bookmark: _Ref158811674]Figure 1: The agreement in TEI supports both Case 1 and Case 2 above. However, the endorsed CR and well as the corresponding capabilities support only Case 1 and excludes Case 2. The additional restriction on codebook size and PUCCH resource is applicable only to Case 1. 
Clearly, this consequence is not intended and imposes unnecessary restriction and diminishes the usefulness of the feature.
As we mentioned in [3], the corresponding endorsed UE capabilities FG 55-4a/b/c in [1] needs to be updated accordingly to capture the agreement properly. For this purpose, we suggest updating corresponding Notes for FG 55-4a/b/c as shown in table below.
Moreover, the agreement was updated last meeting to change the condition on the same PUCCH resource to PUCCH resources with the same time domain allocation. To reflect the updated agreement, we suggest the following changes in the Note column for FG 55-4a/b/c and the Component column for FG 55-4d, as shown in table below.
Finally, with respect to the type of capability, although our preference is per UE, we could accept Per Band type for FG 55-4a to 4e.
[bookmark: _Toc157170410][bookmark: _Toc159027577][bookmark: _Toc159240025]For endorsed TEI proposal on HARQ-ACK MUX on PUSCH (i.e. FG 55-4a to FG 55-4e), adopt the type “per Band”, although the preferred type is “per UE”.
[bookmark: _Toc159027578][bookmark: _Toc159240026] For endorsed TEI proposal on HARQ-ACK MUX on PUSCH, update the Note column for FG 55-4a/b/c and the Component column for FG 55-4d as shown in table below to capture the corresponding TEI agreement properly.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	55-4a
	Multiplexing Type-1 HARQ-ACK codebook in a PUSCH for PDSCH scheduleding 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. 
	4-1, 4-11, one of {5-17, 11-5, 11-6}
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot, if the Type-1 HARQ-ACK codebook includes HARQ-ACK information corresponding to PDSCH reception(s) scheduled before the UL grant.


UE does not expect to determine a different [PUCCH resource] in a slot with a different time allocation from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot, if the Type-1 HARQ-ACK codebook includes HARQ-ACK information corresponding to PDSCH reception(s) scheduled before the UL grant.
.

	55-4b
	Multiplexing Type-2 HARQ-ACK codebook in a PUSCH for PDSCH scheduleding 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. 
	4-1, 4-10, one of {5-17, 11-5, 11-6}
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot, if the Type-2 HARQ-ACK codebook includes HARQ-ACK information corresponding to PDSCH reception(s) scheduled before the UL grant.


UE does not expect to determine a different [PUCCH resource] in a slot with a different time allocation from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot, if the Type-2 HARQ-ACK codebook includes HARQ-ACK information corresponding to PDSCH reception(s) scheduled before the UL grant.


	55-4c
	Multiplexing Type-3 HARQ-ACK codebook in a PUSCH for PDSCH scheduleding 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
	4-1, 10-16, one of {5-17, 11-5, 11-6}
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot, if the Type-3 HARQ-ACK codebook includes HARQ-ACK information corresponding to PDSCH reception(s) scheduled before the UL grant.


UE does not expect to determine a different [PUCCH resource] in a slot with a different time allocation from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot, if the Type-3 HARQ-ACK codebook includes HARQ-ACK information corresponding to PDSCH reception(s) scheduled before the UL grant.


	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 with a different time allocation 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.
	One of {FG 55-4a, 55-4b, 55-4c}
	

	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.
	One of {FG 55-4a, 55-4b, 55-4c}
	




	[5]
	Samsung
	In RAN1#115 meeting, the following agreement was made [2].
	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.



“PUCCH resource change” is updated as “PUCCH time domain resource change”, therefore, the relevant FG 55-4a, 55-4b, 55-4c and 55-4d should be updated accordingly. For these FGs, “a different PUCCH resource” should be replaced with “a different PUCCH resource in time domain”.

Proposal 5: For Rel-18 TEI UE FG 55-4a, 55-4b, 55-4c and 55-4d, “a different PUCCH resource” should be replaced with “a different PUCCH resource in time domain”.
The text “UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.” is captured in the note for FG 55-4a, 55-4b and 55-4c, the description is not true if the UE reports FG 55-4e, this condition should be clarified. Similarly, the condition of not reporting FG 55-4d should be added for the text “UE does not expect to determine a different [PUCCH resource] in a slot from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.”.

Proposal 6: For Rel-18 TEI UE FG 55-4a, 55-4b, 55-4c and 55-4d, update the note as following,
· UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot unless the UE reports FG 55-4e.
· UE does not expect to determine a different [PUCCH resource] in time domain in a slot from the [PUCCH resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot unless the UE reports FG 55-4d.


	[6]
	DOCOMO
	For the discussion, the following agreement for TEI at the last meeting is considered.
	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.



According to this agreement, ‘[PUCCH resource]’ can be updated as ‘PUCCH time domain resource’. Correspondingly, ‘PUCCH resource’ in FG 55-4d should be updated. For cap per X, PDSCH reception after UL grant may be in a different band from that for PUSCH, when inter-band CA in a PUCCH group is configured. In this sense, or considering PUCCH-related FGs introduced in R16, ‘per BC’ may be more reasonable. One note is that we are OK with ‘per band’ if other many companies prefer it. For the other yellow part, the current text would be OK.
Proposal 4-1: FGs 55-4a/4b/4c/4d/4e are updated as follows.
	55. TEI18
	55-4a
	Multiplexing Type-1 HARQ-ACK codebook in a PUSCH for PDSCH scheduled after UL grant
	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. 
	4-11, one of {5-17, 11-5}
	Yes
	N/A
	UE does not support to multiplex Type-1 HARQ-ACK codebook in a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for a PDSCH scheduled after the UL grant scheduling the PUSCH.
	Per BC
	N/A
	N/A
	N/A
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.

UE does not expect to determine a different [PUCCH time domain resource] in a slot from the [PUCCH time domain resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.
	Optional with capability signaling

	55. TEI18
	55-4b
	Multiplexing Type-2 HARQ-ACK codebook in a PUSCH for PDSCH scheduled after UL grant
	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. 
	4-10, one of {5-17, 11-5}
	Yes
	N/A
	UE does not support to multiplex Type-2 HARQ-ACK codebook in a PUSCH repetition when the Type-2 codebook includes HARQ-ACK information for a PDSCH scheduled after the UL grant scheduling the PUSCH.
	Per BC
	N/A
	N/A
	N/A
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.

UE does not expect to determine a different [PUCCH time domain resource] in a slot from the [PUCCH time domain resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.
	Optional with capability signaling

	55. TEI18
	55-4c
	Multiplexing Type-3 HARQ-ACK codebook in a PUSCH for PDSCH scheduled after UL grant
	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
	10-16, one of {5-17, 11-5}
	Yes
	N/A
	UE does not support to multiplex Type-3 HARQ-ACK codebook in a PUSCH repetition when the Type-3 codebook includes HARQ-ACK information for a PDSCH scheduled after the UL grant scheduling the PUSCH.
	Per BC
	N/A
	N/A
	N/A
	UE does not expect to determine a different codebook size in a PUCCH slot from the codebook size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in a slot overlapping with the PUCCH slot.

UE does not expect to determine a different [PUCCH time domain resource] in a slot from the [PUCCH time domain resource] determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant that schedules a PUSCH in that slot.
	Optional with capability signaling

	55. TEI18
	55-4d
	Determining a different PUCCH time domain resource to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining a different PUCCH time domain resource in a slot from the PUCCH time domain 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.
	One of {FG 55-4a, 55-4b, 55-4c}
	Yes
	N/A
	UE does not support to determine a different PUCCH time domain resource to transmit HARQ-ACK for PDSCH scheduled after UL grant.
	Per BC
	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.
	One of {FG 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 BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling
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	Qualcomm
	HARQ Multiplexing on PUSCH for PDSCH Scheduled After UL Grant
To accommodate extension of this feature to DL-CA cases, we suggest that the capabilities 55-4a to 55-4e be signalled per band and per band combination with the understanding that the per band combination signaling will be applicable to the CA scenarios.

Proposal 4: To extend the applicability of this feature to CA scenarios, signal the capabilities 55-4a to 55-4e per band and per band combination with the understanding that the per band combination signaling will be applicable to the CA scenarios.




Discussion
[bookmark: _Hlk159895192]Proposal 2-1:
· Revise “PUCCH resource” to “PUCCH time domain resource” in FGs 55-4a/b/c/d
· Confirm the column of “Consequence if the feature is not supported by the UE” in FGs 55-4d/e with the above revision
	Company
	Comment

	Moderator
	Summary of companies’ views:
· Revise “PUCCH resource” to “PUCCH time domain resource” in FGs 55-4a/b/c/d: Nokia/NSB, HW/HiSi, E///?, Samsung, DCM
· Confirm consequence column: HW/HiSi, DCM
· Add note to FGs 55-4a/b/c:
· This feature cannot be simultaneously enabled with any of the PUCCH cell switching FGs 25-9/9a/10/10a/10b/10c
· Nokia/NSB
· UE does not expect to determine… , if the Type-1/2/3 HARQ-ACK codebook includes HARQ-ACK information corresponding to PDSCH reception(s) scheduled before the UL grant.
· E/// (also discussed in R1-2400675 under AI 8.11)
· UE does not expect to determine… , unless the UE reports FG 55-4e.
· Samsung

Regarding the proposals for note column, we should wait for the outcome of maintenance discussion.

	DCM
	OK

	QC
	Support

	Huawei, HiSilicon
	For the first bullet, we are fine in principle, but we prefer to discuss the TP directly.
For the second bullet, not sure what above revision exactly refers to? If it refers to change in the first bullet, it seems no revision on the consequence column of FGs 55-4e.

	Moderator
	Proposal 2-1:
· Revise “PUCCH resource” to “PUCCH time domain resource” in FGs 55-4a/b/c/d
· Confirm the column of “Consequence if the feature is not supported by the UE” in FGs 55-4d/e with the above revision




Proposal 2-2:
· Reporting type of FGs 55-4a/4b/4c/4d/4e is 
· Alt.1: Per band
· Alt.2: Per BC
· Alt.3: Per band and per BC
· Alt.4: Per FS
	Company
	Comment

	Moderator
	Summary of companies’ views:
· Reporting type of FGs 55-4a/4b/4c/4d/4e
· Per band: E///
· Per BC: DCM
· Per band and per BC: QC
· Per FS: HW/HiSi

One information is that there was discussion in RAN2 whether to revisit the guidance on “Avoid defining capabilities with pre-requisite on a finer granularity”. Although there was no official agreement, it seems we may not need to strictly follow the guidance for all cases.
---
R2-2312972	Interpretation of UE capability guidelines	Ericsson	discussion
Proposal 1	RAN2 to inform RAN1/4 that, to avoid confusion and for simplicity, the previous guideline on “Avoid defining capabilities with pre-requisite on a finer granularity” needs not to be followed.
-	Huawei understands the intention but doesn’t want to send anything to them as they are in the middle of implementation and discussion.  
-	Samsung thinks that changing this guideline will only cause more confusion in the WGs.  
=>	Noted 

	DCM
	Alt 2 as 1st preference or Alt 1 as 2nd preference

	QC
	Per band should suffice the single carrier scenarios where this feature may be applicable. For the CA cases, especially given that TDD-FDD CA with mixed numerology are relevant in commercial deployments, a separate per BC signaling is useful to add. UE implementation doesn’t directly extend to all CA cases, and a more case-by-case implementation and testing is required.

	Huawei, HiSilicon
	Our first preference is Alt.4 Per FS, we are also fine with a coarser granularity, e.g. Alt.2 or Alt.3, if it is common understanding that this FG is supported on the band(s) in the corresponding band combination(s) where the UE reports the support of the prerequisite FG

	Moderator
	[bookmark: _Hlk159895275]Proposal 2-2:
· Reporting type of FGs 55-4a/4b/4c/4d/4e is 
· Alt.3: Per band and per BC





3. Conclusions
To be updated
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