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1. Introduction
[bookmark: _Hlk142416711]In the RAN1#116bis meeting, a new UE capability for NR multi-carrier enhancement were introduced according updated RAN1 feature list [1]. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	49. NR_MC_enh
	49-9
	SCell dormancy indication within active time in DCI format 0_3/1_3
	Support for SCell dormancy indication sent within the active time on PCell with DCI format 0_3/1_3
	6-5, at least one of {49-1, 49-1b, 49-2,49-2b}


There are impacts to RRM requirements due to introduction of this UE capability. In this contribution, we provide our views on RAN4 work for this UE feature.
2. [bookmark: _Hlk73468315]Discussion
The new DCI formats 0-3 and 1-3 were introduced for multi-carrier enhancements. The details can be found in TS 38.212. For example, format 1-3 is specified as follows.
	[bookmark: _Toc146188112][bookmark: _Toc161820137]7.3.1.2.4	Format 1_3
DCI format 1_3 is used for the scheduling of one PDSCH in one cell, or multiple PDSCHs in multiple cells with one PDSCH per cell.
The following information is transmitted by means of the DCI format 1_3 with CRC scrambled by C-RNTI or MCS-C-RNTI:
-	Identifier for DCI formats - 1 bits
-	The value of this bit field is always set to 1, indicating a DL DCI format
-	Scheduled cell set indicator -  bits, where  is the number of cell sets which are configured by higher layer parameter MC-DCI-SetofCellsToAddModList to be respectively scheduled by DCI format 0_3/1_3 from the cell on which this format is carried by PDCCH. If present, this field is used to indicate the scheduled cell set according to Table 7.3.1.1.4-1; otherwise, the scheduled cell set is the cell set configured to be scheduled by DCI format 0_3/1_3 from the cell by higher layer parameter MC-DCI-SetofCellsToAddModList.     
-	Scheduled cells indicator - number of bits determined by the following:
-	0 bit if the higher layer parameter scheduledCellComboListDCI-1-3 for the scheduled cell set is not configured;
-	otherwise  bits indicating the scheduled cells in the scheduled cell set according to Table 7.3.1.2.4-1, where  is the number of entries in the higher layer parameter scheduledCellComboListDCI-1-3. If only one entry is configured in the higher layer parameter scheduledCellComboListDCI-1-3, the scheduled cells are the cells configured by higher layer parameter scheduledCellComboListDCI-1-3.
-	Bandwidth part indicator - 0, 1 or 2 bits determined as , where 
-	 if ,  is the maximum number of DL BWPs configured by higher layers, excluding the initial DL bandwidth part, across all the cells configured by higher layer parameter scheduledCellListDCI-1-3 in the scheduled cell set, in which case the bandwidth part indicator is equivalent to the ascending order of the higher layer parameter BWP-Id;
-	otherwise , in which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
The field is only applicable to a scheduled cell with the number of configured DL BWPs larger than 1, including the initial DL bandwidth part, and is applied to the applicable scheduled cells in the scheduled cell set independently. If a UE does not support active BWP change via DCI, the UE ignores this bit field. If this field indicates a code point that does not correspond to a configured BWP of a scheduled cell, the UE ignores this bit field for the scheduled cell, and operates on the active BWP of the scheduled cell.
-	Frequency domain resource assignment - number of bits determined by the following:
-	block number 1, block number 2,…, block number 
If scheduledCellComboListDCI-1-3 for the scheduled cell set is configured with more than one entry,  is the number of scheduled cells indicated by Scheduled cells indicator field; if scheduledCellComboListDCI-1-3 for the scheduled cell set is configured with only one entry, is the number of cells configured by higher layer parameter scheduledCellComboListDCI-1-3; otherwise,  is the number of cells in the scheduled cell set configured by higher layer parameter scheduledCellListDCI-1-3. Each block corresponds to the frequency domain resource assignment for a cell, and the blocks are placed according to an ascending order of a serving cell index, with block number 1 corresponding to the frequency domain resource assignment for the cell with the smallest serving cell index. Each block is defined by the following fields:  
……
-	SCell dormancy indication - 0 bit if higher layer parameter dormancyDCI-1-3 or dormancyGroupWithinActiveTime is not configured; otherwise 1, 2, 3, 4, or 5 bits bitmap determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to the last configured SCell group in ascending order of DormancyGroupID. The field is only present when this format is carried by PDCCH on the primary cell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
If the “One-shot HARQ-ACK request” field is not present or set to '0', and if the “HARQ-ACK retransmission indicator” field is not present or set to ‘0’, and if all bits of the corresponding block(s) of the frequency domain resource assignment field are set to 0 for resource allocation type 0 or set to 1 for resource allocation type 1 or set to 0 or 1 for dynamic switch resource allocation type for one or more cells in the scheduled cell set, this field is reserved and the following fields, corresponding to the cell with smallest serving cell index among the one or more cell(s), among the fields above are used for SCell dormancy indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell index
-	Modulation and coding scheme of transport block 1 
-	New data indicator of transport block 1 
-	Redundancy version of transport block 1 
-	HARQ process number 
-	Antenna port(s) if antennaPortsDCI1-3= type2 is configured by higher layer.


A single mc-DCI(i.e., DCI format 1-3 or 0-3) can schedule one or more cells. The BWP bandwidth part indicator in a mc-DCI may trigger BWP switch between non-dormant BWPs for some cells, and SCell dormancy indication may trigger BWP switch between dormant and non-dormant BWPs for other cells. Single mc-DCI triggers multiple cells to switch to/from dormancy simultaneously is an important function for UE supporting multi carrier enhancement when scheduled with multiple PDSCHs in multiple cells with one PDSCH per cell. 
In current RRM requirements for DCI based BWP switch delay on multiple CCs, incremental delay D for each CC are based on UE capability.
	[bookmark: _Ref115427046][bookmark: _Ref131697486][bookmark: _Ref142568997][bookmark: _Ref131697556]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.
[bookmark: _Hlk166428836]-	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. .


bwp-SwitchingMultiDormancyCCs-r16 is FG 6-3, which was introduced for BWP switching between non-dormant and dormant BWPs on multiple CCs.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	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

	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

	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


[bookmark: _Hlk166428636]The prerequisite feature groups for FG 6-3 are FG 18-4 or 18-4a, which are for format 0-1/1-1 or format 2-6, respectively. Thus, FG 6-3 cannot be reused for dormant BWP switching on multiple CCs in RRM requirements if the BWP switch is triggered by SCell dormancy indication in DCI format 0-3/1-3.
Observation 1: bwp-SwitchingMultiDormancyCCs-r16 cannot be used for dormant BWP switching on multiple CCs in RRM requirements if the BWP switch is triggered by SCell dormancy indication in DCI format 0-3/1-3.

[bookmark: _Hlk166429205]bwp-SwitchingMultiCCs-r16 is FG 9-1, which was introduced for BWP switching between non-dormant BWPs.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	9. Rel-16 NR RRM Enhancement
	9-1
	BWP switching on multiple CCs RRM requirements
	Incremental delay for BWP switch processing on additional CCs in timer/DCI based simultaneous BWP switching on multiple CCs

	
The UE indicating support of this feature shall also support bwp-SwitchingDelay, bwp-SameNumerology and/or bwp-DiffNumerology


Since this UE capability has no prerequisite feature groups, it can be reused for BWP switching between non dormant BWPs on multiple CCs in RRM requirements if the BWP switch is triggered by bandwidth part indicator in DCI format 0-3/1-3.
Observation 2: bwp-SwitchingMultiCCs-r16 can be reused for BWP switching on multiple CCs in RRM requirements if the BWP switch is triggered by bandwidth part indicator in DCI format 0-3/1-3.

Since DCI format 0-3/1-3 triggered BWP switch on multiple CCs are essential scheduling UEs for multiple PDSCHs in multiple cells with one PDSCH per cell, the corresponding RRM requirements for DCI based BWP switch delay on multiple CCs should be defined for the new DCI format for multi-carrier enhancement.
Proposal 1: Revise existing RRM requirements for DCI based BWP switch on multiple CCs to include new DCI 0-1/1-3 based BWP switch.

Since bwp-SwitchingMultiDormancyCCs-r16 cannot be reused for DCI format 0-1/1-3, a new UE capability should be introduced for RRM requirements.
Proposal 2: Introduce a new UE capability for incremental delay in RRM requirements for DCI-based BWP switch on multiple CCs for multi carrier enhancement as in Table 1.
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Table 1:
	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 (V2X 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 

	38. 
NR_MC_enh 


	38-9
	Dormant BWP switching on multiple CCs RRM requirements with DCI 0-3/1-3
	Incremental delay for BWP switch processing on additional SCells in DCI 0-3/1-3 based simultaneous dormant BWP switching on multiple SCells
	49-9
	Yes
	N/A
	There may be additional unclear BWP switching delay if simultaneous dormant BWP switching is triggered by DCI 0-3/1-3.
	Per UE
	No
	No
	N/A
	The candidate values are:
● {100us, 200us} for UE indicates type1 in bwp-SwitchingDelay

● {200us, 400us, 800us, 1000us} for UE indicates type 2 in bwp-SwitchingDelay

The total BWP switching delay will be captured in TS38.133

UE needs to indicate either of the candidate values
	Optional with capability signalling
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3. Summary
In this contribution, we provided our views on remaining issues for BWP operation without restriction. Following proposals are provided.
Observation 1: bwp-SwitchingMultiDormancyCCs-r16 cannot be used for dormant BWP switching on multiple CCs in RRM requirements if the BWP switch is triggered by SCell dormancy indication in DCI format 0-3/1-3.
Observation 2: bwp-SwitchingMultiCCs-r16 can be reused for BWP switching on multiple CCs in RRM requirements if the BWP switch is triggered by bandwidth part indicator in DCI format 0-3/1-3.
Proposal 1: Revise existing RRM requirements for DCI based BWP switch on multiple CCs to include new DCI 0-1/1-3 based BWP switch.
Proposal 2: Introduce a new UE capability for incremental delay in RRM requirements for DCI-based BWP switch on multiple CCs for multi carrier enhancement as in Table 1.

4. [bookmark: _Hlk4777878]References
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