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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Ref16006416]In the previous meeting, the UE features for Multi-carrier enhancements were updated in [1]. In the contribution, we provide our views on UE features for Multi-carrier enhancements.
2. Discussion
	Proposal 2-4-1:
Based on the discussion in Wednesday UE feature session, it seems companies can accept to introduce new FGs for following features. Therefore, details should be provided to complete all ASN.1 impacts for new FGs if it is agreed to be introduced. Regarding the reporting granularity for these potential new FGs, some companies suggested to apply “per-UE” so that we can save capability signaling while we can add existing FGs as prerequisite to check the support of the feature for each band/BC/FS/FSPC.
· SCell dormancy indication within active time by DCI format 1_3 and DCI format 0_3
· DL priority indicator in a DCI format 1_3
· UL priority indicator in a DCI format 0_3
· [bookmark: _Hlk162987304]PHY priority handling for one-shot HARQ-ACK feedback by DCI format 1_3
For other proposed features, further clarification on the necessity of new FGs seems to be necessary.
Question 2-4-2:
· Companies are encouraged to provide views on following potential new FGs
· #1: UE features for incremental delay for BWP switch processing on additional SCells in a mc-DCI based simultaneous dormant BWP switching on multiple Scells
· Companies are encouraged to provide views on following potential new FGs
· #2: Separate FGs for PDCCH monitoring with DCI format 1_3/0_3 for 480kHz and 960kHz (with clarifying that FR2-2 in FG49-1, 49-1b, 49-2, 49-2b are for SCS of 120kHz)


[bookmark: _Ref115427046][bookmark: _Ref131697486][bookmark: _Ref142568997][bookmark: _Ref131697556]Essentially, we are supportive of introducing dedicated FGs for the aforementioned four functionalities for mc-DCI. It is noted that scellDormancyWithinActiveTime is reported per BC. Thus, the dormancy capability for mc-DCI should be per BC reported as well. An example of the new capabilities is given in the Appendix.
#1 UE features for incremental delay for BWP switch processing on additional SCells in a mc-DCI based simultaneous dormant BWP switching on multiple Scells
One more point to consider is that the scenario where a single mc-DCI triggers multiple cells to switch to/from dormancy simultaneously may require additional switching delay. R16 introduced an additional processing delay (i.e., bwp-SwitchingMultiDormancyCCs) for simultaneous dormant BWP switching on multiple SCells. Based on the relevant FG description and RAN4 spec text below, when DCIs simultaneously trigger BWP switches between dormant BWPs and non-dormant BWPs across multiple cells, the UE needs to extend the time required for executing the BWP switches.
[bookmark: _Ref163064609]Observation 1. In R16, when sc-DCIs trigger BWP switching between dormant BWPs and non-dormant BWPs across multiple cells simultaneously, the time required for executing the BWP switching are prolonged based on value reported by bwp-SwitchingMultiDormancyCCs.
	18. MR-DC/CA enhancement
	18-4
	SCell dormancy indication within active time
	Support for SCell dormancy indication sent within the active time on PCell with DCI format 0_1/1_1
	6-5
	scellDormancyWithinActiveTime-r16
	CA-ParametersNR-v1610

	18. MR-DC/CA enhancement
	18-4a
	SCell dormancy indication outside active time
	Support for SCell dormancy indication sent outside the active time on PCell with DCI format 2_6
	19-1
	scellDormancyOutsideActiveTime-r16
	CA-ParametersNR-v1610

	6. LTE_NR_DC_CA_enh
	6-3
	Dormant BWP switching on multiple CCs RRM requirements
	Incremental delay for BWP switch processing on additional SCells in DCI based simultaneous dormant BWP switching on multiple SCells
	RAN1 feature 18-4 or 18-4a
	bwp-SwitchingMultiDormancyCCs-r16
CHOICE {
type1-r16 ENUMERATED {us100, us200},
type2-r16 ENUMERATED {us200, us400, us800, us1000}
}
	Phy-ParametersCommon

	scellDormancyWithinActiveTime-r16
Indicates whether the UE supports SCell dormancy indication received on SPCell with DCI format 0_1/1_1 sent within the active time as defined in clause 10.3 of TS 38.213 [11]. If the UE indicates the support of this, the UE supports one dormant BWP and at least one non-dormant BWP per carrier. To support more than one non-dormant BWP in a carrier, the UE indicates support of upto4 in bwp-SameNumerology or upto4 in bwp-DiffNumerology. One dormant BWP and one non-dormant BWP are UE specific BWPs even for UEs not supporting bwp-SameNumerology.
	BC
	No

	scellDormancyOutsideActiveTime-r16
Indicates whether the UE supports SCell dormancy indication received on SPCell using DCI format 2_6 sent outside the active time as defined in clause 10.3 of TS 38.213 [11]. A UE supporting this feature shall also indicate support of power saving DRX adaptation using drx-Adaptation-r16 and shall also support one dormant BWP and at least one non-dormant BWP per carrier. To support more than one non-dormant BWP in a carrier, the UE indicates support of upto4 in bwp-SameNumerology or upto4 in bwp-DiffNumerology. One dormant BWP and one non-dormant BWP are UE specific BWPs even for UEs not supporting bwp-SameNumerology.
	BC
	No

	[bookmark: _Hlk162987407]bwp-SwitchingMultiDormancyCCs-r16
Indicates whether the UE supports incremental delay for BWP switch processing on additional SCells in DCI based simultaneous dormant BWP switching on multiple SCells as specified in TS 38.133 [5]. The capability signalling comprises of the following:
-	type1-r16 indicates the delay value for type 1 BWP switching delay and has values of {100us, 200us}
-	type2-r16 indicates the delay value for type 2 BWP switching delay and has values of {200us, 400us, 800us, 1000us}
The UE indicating support of this feature shall also support scellDormancyWithinActiveTime-r16 or scellDormancyOutsideActiveTime-r16.
	UE
	No



	38.133 
8.6.2A	DCI based BWP switch delay on multiple CCs
The requirements in this clause only apply to the case when the same type of BWP switch (DCI based BWP switch) is performed on multiple CCs simultaneously or over partially overlapping time period.
8.6.2A.1	Simultaneous DCI based BWP switch delay on multiple CCs
The delay requirements for simultaneous DCI based BWP switch on multiple CCs in this clause apply only if the timing difference among the first symbol of slot carrying DCI for all CCs is received within the MRTD for inter-band CA as defined in clause 7.6.4.
For DCI-based BWP switch on multiple CCs, after the UE receives BWP switching request, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWPs on the serving cells on which BWP switch on the first DL or UL slot occurs right after a time duration of TMultipleBWPswitchDelay which starts from the beginning of DL slot n, where slot n is slot which UE receives the earliest BWP switching request among CCs on which UE is performing simultaneous DCI-based BWP switching.
The UE is not required to transmit UL signals or receive DL signals until the first DL or UL slot occurs right after a time duration of TMultipleBWPswitchDelay which starts from the beginning of DL slot n except DCI triggering BWP switch on the cell where DCI-based BWP switch occurs. The UE is not required to follow the requirements defined in this clause when performing a DCI-based BWP switch between the BWPs in disjoint channel bandwidths or in partially overlapping channel bandwidths on any serving cell.
UE shall finish BWP switch within the time duration TMultipleBWPswitchDelay + Y, which is defined as:
	TMultipleBWPswitchDelay = TBWPswitchDelay + D*(N-1)
Where:
-	TBWPswitchDelay is the BWP switching delay on single CC defined in Table 8.6.2-1 depending on UE capability bwp-SwitchingDelay [2]. TBWPswitchDelay shall be based on the smallest SCS among SCS of all involved CCs before and after BWP switch. If the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, TBWPswitchDelay shall be based on the smallest SCS among all SCS values of all involved CCs.
-	D is the incremental delay for each additional CC involved in simultaneous BWP switch and depends on UE capability bwp-SwitchingMultiCCs-r16 [TS 38.306, 14] for switching between non-dormant BWPs, and bwp-SwitchingMultiDormancyCCs-r16 for switching between non-dormant and dormant BWPs.
-	For UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of CCs in same FR; For UE which is not capable of per-FR gap, or the BWP switches on any CC involves SCS changing, N is the number of CCs undergoing simultaneous BWP switch.
· Y=0, if the serving cell where UE receives DCI for BWP switch is same as the serving cell on which BWP switch occurs for each involved serving cell.
Y equals to the length of one slot at smaller SCS of scheduling cell, scheduled cells before and scheduled cells after active BWP change,
-	if the serving cell where UE receives DCI for BWP switch is different from the serving cell on which BWP switch occurs for any involved serving cell. If both scheduling cell and scheduled cell are in FR2-2, Y shall follow the SCS of 120 KHz. .


As the prerequisite of bwp-SwitchingMultiDormancyCCs is FG 18-4/4a, it cannot be directly applied to mc-DCI. For supporting the incremental delay for the simultaneous dormancy BWP switching triggered by a mc-DCI, a new capability needs to be introduced. An example for the capability is shown in the Appendix. As the R16 capability bwp-SwitchingMultiDormancyCC is reported per UE, the proposed capability should be per UE reported as well. Alternatively, as bwp-SwitchingMultiDormancyCCs was introduced by RAN4 in R16, another approach is to send an LS to RAN4 to ask RAN4 to define the details.
[bookmark: _Hlk131434340][bookmark: _Ref134998357]#2: Separate FGs for PDCCH monitoring with DCI format 1_3/0_3 for 480kHz and 960kHz (with clarifying that FR2-2 in FG49-1, 49-1b, 49-2, 49-2b are for SCS of 120kHz)
Regarding the 2nd Question, we believe that if there is a need to support 480kHz/960kHz for mc-scheduling,  optional capabilities for 480kHz/960kHz should be considered. Because when defining the DCI processing capabilitis for high-to-low scheduling in FGs 49-1b/2b, SCS values greater than 120kHz are not included. 
Additionally, the DCI processing capability for 480/960kHz in FG24-4/24-5 is defined per Xs slots per scheduled cell,while the granularity of the agreed DCI processing capability for MC is per N slots per set of cell. Therefore, the existing FG, such as FG 24-4 or 24-5, cannot be directly reused for MC. As we are on a very late stage, and there is no explicit agreement to support 480/960kHz, we suggest to clarify whether 480kHz and 960kHz are supported for mc-scheduling first before discussing how to design the FG. Examples for 480kHz/960kHz FGs for MC are provided in the appendix.
[bookmark: _Ref159077350]Proposal 1. Introduce new FGs to indicate the support of the following features for DCI format 0_3/1_3:
· SCell dormancy indication within active time by DCI format 1_3 and DCI format 0_3
· DL priority indicator in a DCI format 1_3
· UL priority indicator in a DCI format 0_3
· PHY priority handling for one-shot HARQ-ACK feedback by DCI format 1_3
· [bookmark: _Hlk162988088]Incremental delay for BWP switch processing on additional SCells in a mc-DCI based simultaneous dormant BWP switching on multiple SCells 
[bookmark: _Ref163064383]Proposal 2. Clarify whether 480kHz and 960kHz are supported for mc-scheduling first. If supported, new FGs for PDCCH monitoring with DCI format 1_3/0_3 for 480kHz and 960kHz are needed.

#Editorial change
In FG 49-2b, there is a formatting issue with the indentation of the bullet for TDD scheduling cell; it should be aligned at the same level as the previous bullet for FDD.
	49-2b
	Multi-cell PUSCH scheduling by DCI format 0_3 on a scheduling cell not included in a set of cells with different SCS/carrier type between scheduling cell and cells in the set
	9) The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· For low-to-high SCS, N = 1.
· For high-to-low SCS, N is based on pair of (scheduling CC SCS, scheduled CC SCS): N=2 for (30,15), (60,30), (120,60) and N=4 for (60,15), (120,30), N = 8 for (120,15)


[bookmark: _Ref163064385]Proposal 3. Correct the indentation of the bullet for TDD scheduling cell in component 9 for 49-2b: placing it on the same level as the previous bullet for FDD scheduling cell.
Based on the above discussion, the UE feature for mc-scheduling can be updated as shown in the appendix (changes in red)
3. Conclusion
In this contribution, we have the following observation and proposals for the UE feature:
Observation 1. In R16, when sc-DCIs trigger BWP switching between dormant BWPs and non-dormant BWPs across multiple cells simultaneously, the time required for executing the BWP switching are prolonged based on value reported by bwp-SwitchingMultiDormancyCCs.
Proposal 1. Introduce new FGs to indicate the support of the following features for DCI format 0_3/1_3:
· SCell dormancy indication within active time by DCI format 1_3 and DCI format 0_3
· DL priority indicator in a DCI format 1_3
· UL priority indicator in a DCI format 0_3
· PHY priority handling for one-shot HARQ-ACK feedback by DCI format 1_3
· Incremental delay for BWP switch processing on additional SCells in a mc-DCI based simultaneous dormant BWP switching on multiple SCells 
Proposal 2. Clarify whether 480kHz and 960kHz are supported for mc-scheduling first. If supported, new FGs for PDCCH monitoring with DCI format 1_3/0_3 for 480kHz and 960kHz are needed.
Proposal 3. Correct the indentation of the bullet for TDD scheduling cell in component 9 for 49-2b: placing it on the same level as the previous bullet for FDD scheduling cell.
Reference
[1] [bookmark: _Ref131338932][bookmark: _Ref134622429]R1-2401709 Updated RAN1 UE features list for Rel-18 NR after RAN1#116

Appendix (updates for UE feature, changes in red
	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

	49. NR_MC_enh
	49-6
	SCell dormancy indication within active time
	Support for SCell dormancy indication sent within the active time on PCell with DCI format 1_3/0_3
	At least one of {49-1, 49-1b,49-2,49-2b}
	Yes
	
	UE does not support dormancy switch triggered by a mc-DCI
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	49. NR_MC_enh
	49-6a
	Dormant BWP switching on multiple CCs RRM requirements
	Incremental delay for BWP switch processing on additional SCells in a mc-DCI based simultaneous dormant BWP switching on multiple SCells
bwp-SwitchingMultiDormancyCCsInMcDCI
CHOICE {
type1 ENUMERATED {us100, us200},
type2 ENUMERATED {us200, us400, us800, us100
	49-6
	Yes
	
	UE does not support incremental delay for simultaneous dormant BWP switching triggered by a mc-DCI
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	49. NR_MC_enh
	49-7a
	DL priority indication in DCI format 1_3
	Indicates whether the UE supports DL priority indication in a DCI format 1_3
	At least one of {49-1, 49-1b}
	Yes
	
	UE does not support DL priority indication in a DCI format 1_3
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	49. NR_MC_enh
	49-7b
	UL priority indication in DCI format 0_3
	Indicates whether the UE supports UL priority indication in a DCI format 0_3
	At least one of {49-2, 49-2b}
	Yes
	
	UE does not support UL priority indication in a DCI format 0_3
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	49. NR_MC_enh
	49-8a
	PHY priority handling for one-shot HARQ-ACK feedback by DCI format 1_3
	Support transmission of type 3 HARQ-ACK codebook using the first or second PUCCH configuration based on PHY priority indication in the triggering DCI format 1_3
	49-5a
	Yes
	
	UE does not support PHY priority handling for one-shot HARQ-ACK feedback by DCI format 1_3
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	49. NR_MC_enh
	49-9a
	480KHz SCS support for DL scheduling by DCI format 1_3
	1. Multi-cell PDSCH scheduling by DCI format 1_3 for the operation with 480 kHz SCS in FR2-2
2. Multiple-slot PDCCH monitoring for 480KHz with (Xs,Ys) = (4,1)
3. Within the Ys = 1 slot (with Xs=4), monitoring of UE-SS configured for DCI format 1_3 with a maximum of two monitoring spans per slot with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where (X,Y) = (4, 3) and (7, 3) are supported
4. The number of unicast DL DCIs to process per slot group of Xs slots for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
	At least one of {49-1, 49-1b}
	Yes
	
	UE does not support 480kHz for mc-DCI DL scheuling
	Per BC
	N/A
	N/A
	FR2-2 only
	
	Optional with capability signalling

	49. NR_MC_enh
	49-9b
	480KHz SCS support for UL scheduling by DCI format 0_3
	1. Multi-cell PUSCH scheduling by DCI format 0_3 for the operation with 480 kHz SCS in FR2-2
2. Multiple-slot PDCCH monitoring for 480KHz with (Xs,Ys) = (4,1)
3. Within the Ys = 1 slot (with Xs=4), monitoring of UE-SS configured for DCI format 0_3 with a maximum of two monitoring spans per slot with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where (X,Y) = (4, 3) and (7, 3) are supported
4. The number of unicast UL DCIs to process per slot group of Xs slots for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 for FDD
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
5. The number of unicast UL DCIs to process per slot group of Xs slots for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 for TDD
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
	At least one of {49-2, 49-2b}
	Yes
	
	UE does not support 480kHz for mc-DCI UL scheuling
	Per BC
	N/A
	N/A
	FR2-2 only
	
	Optional with capability signalling

	49. NR_MC_enh
	49-9c
	Enhanced PDCCH monitoring for 480KHz for mc-scheduling
	1. Multiple-slot PDCCH monitoring for 480KHz with (Xs,Ys)=(4,2)
2. Within each of the Ys = 2 slots (with Xs=4), monitoring of UE-SS configured for DCI format 1_3 or 0_3 in the first 3 OFDM symbols of each slot 
	At least one of {49-9a, 49-9b}
	Yes
	
	UE does not support 480kHz for enhanced PDCCH monitoring for DCI format 1_3/0_3
	Per BC
	N/A
	N/A
	FR2-2 only
	
	Optional with capability signalling

	49. NR_MC_enh
	49-10a
	960KHz SCS support for DL scheduling by DCI format 1_3
	1. Multi-cell PDSCH scheduling by DCI format 1_3 for the operation with 960 kHz SCS in FR2-2
2. Multiple-slot PDCCH monitoring for 960KHz with (Xs,Ys)=(8,1)
3. Within the Ys = 1 slot (with Xs=8), monitoring of UE-SS configured for DCI format 1_3 with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where (X,Y)= (7, 3) is supported
4. The number of unicast DL DCIs to process per slot group of Xs slots for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3

	At least one of {49-1, 49-1b}
	Yes
	
	UE does not support 960kHz for mc-DCI DL scheuling
	Per BC
	N/A
	N/A
	FR2-2 only
	
	Optional with capability signalling

	49. NR_MC_enh
	49-10b
	960KHz SCS support for UL scheduling by DCI format 0_3
	1. Multi-cell PUSCH scheduling by DCI format 0_3 for the operation with 960 kHz SCS in FR2-2
2. Multiple-slot PDCCH monitoring for 960KHz with (Xs,Ys)=(8,1)
3. Within the Ys = 1 slot (with Xs=8), monitoring of UE-SS configured for DCI format 0_3 with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where (X,Y)= (7, 3) is supported
4. The number of unicast UL DCIs to process per slot group of Xs slots for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 for FDD
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
5.The number of unicast UL DCIs to process per slot group of Xs slots for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 for TDD
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell

	At least one of {49-2, 49-2b}
	Yes
	
	UE does not support 960kHz for mc-DCI UL scheuling
	Per BC
	N/A
	N/A
	FR2-2 only
	
	Optional with capability signalling

	49. NR_MC_enh
	49-10c
	Enhanced PDCCH monitoring for 960KHz for mc-scheduling
	1. Multiple-slot PDCCH monitoring for 960KHz with (Xs,Ys)
2. Within each of the Ys = 2 (with Xs=4) or Ys = 4 (with Xs=8) slots, monitoring of UE-SS configured for DCI format 1_3 or 0_3 in the first 3 OFDM symbols of each slot or within the Ys = 1 (with Xs=4) slot, monitoring of UE-SS configured for DCI format 1_3 or 0_3 with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where (X,Y) = (7, 3)
	At least one of {49-10a, 49-10b}
	Yes
	
	UE does not support 960kHz for enhanced PDCCH monitoring for DCI format 1_3/0_3
	Per BC
	N/A
	N/A
	FR2-2 only
	
	Optional with capability signalling



