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Introduction
This contribution provides Samsung’s view regarding issues on corresponding UE feature for endorsed Rel-18 TEI.

Discussion
1.1  Extension on QCL prioritization rule for multi-DCI based multi-TRP
In RAN1#114 meeting [1], the following TEI proposal supporting an extended QCL prioritization rule for multi-DCI based multi-TRP was agreed.
	Agreement
For multi-DCI based multi-TRP operation, support the following:
· QCL-TypeD prioritization rules for overlapping CORESETs is performed per coresetPoolIndex value. 
· Adopt following TP in Clause 10.1 in TS 38.213.
	--Unchanged part omitted------------------------
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with same or different qcl-Type set to 'typeD' properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs that have been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of a cell from the one or more cells 
-	the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
-	the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions
If a UE 
-	is not provided coresetPoolIndex for first CORESETs, or is provided coresetPoolIndex with value 0 for first CORESETs, and 
-	is provided coresetPoolIndex with value 1 for second CORESETs, and
-	is provided [twoQCLTypeDforMulti-DCI]
the UE applies procedures described above independently across the first CORESETs and the second CORESETs.
--Unchanged part omitted------------------------


· Introduce a UE capability for the red part of the above text.



In Rel-17 FeMIMO, for PDCCH repetition and SFNed PDCCH, QCL prioritization rule was enhanced separately, and corresponding UE capabilities supporting have been defined as FG 23-2-2 for PDCCH repetition and FG 23-6-6 for SFNed PDCCH, respectively.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note

	23-2-2
	Two QCL TypeD for CORESET monitoring in PDCCH repetition
	Support of determining two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band CA when UE is configured with PDCCH repetition
	23-2-1
	Per band
	

	23-6-6
	QCL-TypeD collision handling with CORESET with 2 TCI states
	Support of identifying two QCL-TypeD properties for multiple overlapping CORESETs when a CORESET is activated with two TCI states which overlaps with another CORESET.
	
	Per band
	



Similar with the above UE capabilities, the UE capability supporting up to two QCL-TypeD determination under multi-DCI based multi-TRP case can be defined as follows.
· For pre-requisite, since the feature is to support an additional functionality for multi-DCI based multi-TRP, FG 16-2a (Multi-DCI based multi-TRP) is needed as a pre-requisite.
· For Type, based on RAN2’s guidance, it is recommended to avoid defining capabilities with re-requisite on a finer granularity [2]. Since FG 16-2a is per FSPC, it is better to follow per FSPC for this new FG as well.
· For Note, it is clarified for the case when if a UE is not configured with two coresetPoolIndexes at least in a CC in a certain band, since QCL prioritization rule considers time domain overlapping for intra-band CA case as well. If so, the UE can consider that all CORESETs in the CC are associated with coresetPoolIndex 0.

Proposal 1: Support FG 55-7 for endorsed Rel-18 TEI on QCL prioritization rule for multi-DCI based multi-TRP.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note

	55-7
	Performing QCL prioritization rule per coresetPoolIndex
	Support to identify 1 QCL-TypeD property per coresetPoolIndex for determining up to two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band when UE is configured with two different coresetPoolIndexes in the same CC or at least one CC in the band.
	16-2a
	Per FSPC
	Note: In case of intra-band CA, if a UE is not configured with two different coresetPoolIndexes in a certain CC, then all CORESETs in the CC are considered as being associated with coresetPoolindex 0.



1.2  Multiplexing HARQ-ACK for a PDSCH scheduled after UL grant in a PUSCH
In RAN1#113 meeting, the following agreement was made [3].
	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 9.2.5 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 resource change on a PUCCH slot



The related UE feature captured in [2] is copied below.

	Index
	Feature group
	Components
	Consequence if the feature is not supported by the UE

	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
	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.

	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
	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.

	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
	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.

	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.
	UE does not support to determine 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
	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.
	UE does not support to determine different codebook size to transmit HARQ-ACK for PDSCH scheduled after UL grant.



For the feature group 55-4a, 55-4b and 55-4c, a more accurate description could be “Multiplexing Type-1/2/3 HARQ-ACK codebook in a PUSCH for PDSCHs scheduled after a UL grant”. For “Consequence if the feature is not supported by the UE”, the description of “PDSCH scheduling after a UL grant.” should be changed to “a PDSCH scheduled after the UL grant scheduling the PUSCH.” to be more accurate.

Proposal 2: Adopt the following update for UE feature 55-4a, 55-4b and 55-4c.
	Index
	Feature group
	Components
	Consequence if the feature is not supported by the UE

	55-4a
	Multiplexing Type-1 HARQ-ACK codebook in a PUSCH for PDSCH scheduling scheduled 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
	UE does not support to multiplex Type-1 HARQ-ACK codebook on non-initial in a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for a PDSCH scheduling scheduled after a the UL grant scheduling the PUSCH.

	55-4b
	Multiplexing Type-2 HARQ-ACK codebook in a PUSCH for PDSCH scheduling scheduled 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
	UE does not support to multiplex Type-2 HARQ-ACK codebook on non-initial in a PUSCH repetition when the Type-1 2 codebook includes HARQ-ACK information for a PDSCH scheduling scheduled after a the UL grant scheduling the PUSCH.

	55-4c
	Multiplexing Type-3 HARQ-ACK codebook in a PUSCH for PDSCH scheduling scheduled 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
	UE does not support to multiplex Type-3 HARQ-ACK codebook on non-initial in a PUSCH repetition when the Type-1 3 codebook includes HARQ-ACK information for a PDSCH scheduling scheduled after a the UL grant scheduling the PUSCH.



For the feature group 55-4d, different UE capabilities should be considered for frequency domain and time domain.
When a DL assignment comes after an UL grant for a UE, the UE determines the HARQ-ACK codebook and a PUCCH resource based on the HARQ-ACK codebook size and the PRI indication in the last DCI format for DL assignment before the UL grant. After that, the UE multiplexes the HARQ-ACK in a PUSCH overlapping with the PUCCH, if any. If PUCCH time domain resource is different from the PUCCH that UE determines before the UL grant, UE may multiplex the HARQ-ACK in another PUSCH. As a result, it would take additional time for the UE to re-determine the PUSCH and the REs for both the HARQ-ACK and the data in the PUSCH. 
An example is given in Figure 1 for illustration. UE first determines to multiplex HARQ-ACK in PUCCH#1 before receiving the UL DCI#1 and UL DCI#2, and then UE determines to multiplex HARQ-ACK in PUSCH#1 after receiving the UL DCI#1 and UL DCI#2. If the UE receives DL DCI 2a, UE needs to re-determine the PUSCH for multiplexing based on the PUCCH resource indicated by DL DCI 2a. On the other hand, if UE receives DL DCI 2b indicating the same PUCCH time domain resource as PUCCH#1, the UE does not need to re-determine the PUSCH for HARQ-ACK multiplexing. The additional timeline is not required for this case. 
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Figure 1

Proposal 3: Support separate UE features for UE feature 55-4d and adopt the following update.

	55-4d-1
	Determining a different PUCCH resource in time domain to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining a different PUCCH resource in time domain 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.
	UE does not support to be indicated a different PUCCH resource in time domain to transmit HARQ-ACK for PDSCH scheduled after UL grant by the DL grant scheduling the PDSCH.

	55-4d-2
	Determining a different PUCCH resource in frequency domain to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining a different PUCCH resource in frequency domain 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.
	UE does not support to be indicated a different PUCCH resource in frequency domain to transmit HARQ-ACK for PDSCH scheduled after UL grant by the DL grant scheduling the PDSCH.



Conclusion
In this contribution, the following proposal is given:

Proposal 1: Support FG 55-7 for endorsed Rel-18 TEI on QCL prioritization rule for multi-DCI based multi-TRP.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note

	55-7
	Performing QCL prioritization rule per coresetPoolIndex
	Support to identify 1 QCL-TypeD property per coresetPoolIndex for determining up to two QCL-TypeD for time-domain overlapping CORESETs in the same CC or for intra-band when UE is configured with two different coresetPoolIndexes in the same CC or at least one CC in the band.
	16-2a
	Per FSPC
	Note: In case of intra-band CA, if a UE is not configured with two different coresetPoolIndexes in a certain CC, then all CORESETs in the CC are considered as being associated with coresetPoolindex 0.



Proposal 2: Adopt the following update for UE feature 55-4a, 55-4b and 55-4c.
	Index
	Feature group
	Components
	Consequence if the feature is not supported by the UE

	55-4a
	Multiplexing Type-1 HARQ-ACK codebook in a PUSCH for PDSCH scheduling scheduled 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
	UE does not support to multiplex Type-1 HARQ-ACK codebook on non-initial in a PUSCH repetition when the Type-1 codebook includes HARQ-ACK information for a PDSCH scheduling scheduled after a the UL grant scheduling the PUSCH.

	55-4b
	Multiplexing Type-2 HARQ-ACK codebook in a PUSCH for PDSCH scheduling scheduled 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
	UE does not support to multiplex Type-2 HARQ-ACK codebook on non-initial in a PUSCH repetition when the Type-1 2 codebook includes HARQ-ACK information for a PDSCH scheduling scheduled after a the UL grant scheduling the PUSCH.

	55-4c
	Multiplexing Type-3 HARQ-ACK codebook in a PUSCH for PDSCH scheduling scheduled 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
	UE does not support to multiplex Type-3 HARQ-ACK codebook on non-initial in a PUSCH repetition when the Type-1 3 codebook includes HARQ-ACK information for a PDSCH scheduling scheduled after a the UL grant scheduling the PUSCH.



Proposal 3: Support separate UE features for UE feature 55-4d and adopt the following update.

	55-4d-1
	Determining a different PUCCH resource in time domain to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining a different PUCCH resource in time domain 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.
	UE does not support to be indicated a different PUCCH resource in time domain to transmit HARQ-ACK for PDSCH scheduled after UL grant by the DL grant scheduling the PDSCH.

	55-4d-2
	Determining a different PUCCH resource in frequency domain to transmit HARQ-ACK for PDSCH scheduled after UL grant
	1. Support determining a different PUCCH resource in frequency domain 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.
	UE does not support to be indicated a different PUCCH resource in frequency domain to transmit HARQ-ACK for PDSCH scheduled after UL grant by the DL grant scheduling the PDSCH.
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