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Introduction
[bookmark: _Hlk510705081]RAN1#113 managed to achieve a good maturity level with the BWP without restriction WI’s feature groups [1]. RAN#100 further discussed on the applicability of the L3 measurements and updated the BWP_wor WI description with a second objective as follows [2]:
	2) Specify the necessary requirements to support L3 intra-frequency measurements without gaps (RAN4)
· For Option B-1-1
· Specify applicability of legacy intra-frequency L3 measurements without gap and corresponding UE capabilities, if needed.
· Note: UEs capable of Option B-1-1 BWP operation can optionally support L3 intra-frequency measurements with gaps.
· For Option C
· Specify requirements for L3 intra-frequency measurements based on existing RedCap NCD-SSB requirements.
· Note: further check in RAN #101 on whether any work is required to support L3 intra-frequency measurements without gaps for Option B-1-2 



This contribution addresses the remaining open issues and the updates originating from the WI description update on the FGs related to the BWP_wor work item.
Discussion
FG 53-1
The post-RAN1#113 FG 53-1 read as below:
	Feature group
	Components
	Type
	Note

	Support RLM/BM/BFD measurements based on CD-SSB outside active BWP without interruptions
	1. UE performs RLM/BM/BFD measurements based on CD-SSB without interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of [the corresponding carrier(s) to be measured.] 

2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for SCell

3. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.

	[Per band]
	Note: The CD-SSB is still within the bandwidth of the carrier configured by SCS-SpecificCarrier of downlinkChannelBW-PerSCS-List in ServingCellConfig

[Note: If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]
[UE indicates at most one of FG 53-1 and FG 53-2.]


FFS: candidate component values
This FG is not applicable to RedCap UEs.



The following points should be addressed:
1. Addition of the L3 measurements for FG53-1, optionally with measurement gaps
2. Resolution of the type [Per-band]
3. Resolution of the note on: [Note: If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]

The addition of L3 measurements optionally with measurement gaps can be done by adding L3 measurements “Support RLM/BM/BFD and L3 measurements” to the FG name, and adding an additional component on the need for gaps when the CD-SSB is not withing the active BWP with candidate values {gap, ncsg, nogap-noncsg} as defined in Rel-17 38.331 gapInicationIntra of NeedForGapNCSG-InfoNR IE:
gapIndicationIntra 
Indicates whether measurement gap or NCSG is required for the UE to perform intra-frequency SSB based measurements on the concerned serving cell. Value gap indicates that a measurement gap is needed if any of the UE configured BWPs (except the BWP(s) configured with servingCellMO associated with NCD-SSB) do not contain the frequency domain resources of the SSB associated to the initial DL BWP (CD-SSB). Value ncsg indicates that a NCSG is needed if any of the UE configured BWPs do not contain the frequency domain resources of the SSB associated to the initial DL BWP. Value nogap-noncsg indicates that neither a measurement gap nor a NCSG is needed to measure the SSB associated to the initial DL BWP (CD-SSB) for all configured BWPs (except the BWP(s) configured with servingCellMO associated with NCD-SSB), no matter the SSB is within the configured BWP or not. 

The type “Per band” seems most appropriate as the BWP operations and the UE’s ability to support or not support the SSB outside of the active BWP should not be a function of other bands in the band combination.
The square-bracketed note “[Note: If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]” in our view is designed to rule out a configuration that is not especially interesting to the network, and in that respect we don’t hold a strong opinion wrt. the note. Our understanding of the definition of “UE-specific DL BWP configuration” is a BWP that has a dedicated configuration (as defined in TS38.331, wherein the term “RRC configured BWP is used). Only the initial BWP (i.e. BWP#0) can ever be considered as NOT RRC-configured BWP if it has not been provided with a dedicated configuration – all other BWPs are always UE-specific RRC-configured BWPs. That is, for a UE supporting FG53-1:
· If the UE is configured with just one RRC-configured BWP (i.e. either the initial BWP with dedicated RRC configuration or with an another BWP), then the SSB may be outside of that (active) BWP as only one UE-specific RRC-configured BWP exists.
· If the UE supports at least one of FGs {6-2, 6-3, 6-4}, and is configured with more than one BWP (to which the UE can switch based on a BWP switching DCI), then these RRC-configured BWPs are “UE-specific” and addressable with the DCI switch are considered as “UE-specific DL BWPs”

In table 1 we recite the relevant Rel-15 FGs, FG53-1 UE supporting
· FG6-1 only would be configured with only one BWP, and thus it would be able to support SSB outside of the active BWP as it is not configured with “more than one UE-specific DL BWP”.
· FG6-1 and at least one of {6-2, 6-3, 6-4}, if the UE is configured with two (or more) UE-specific RRC-configured DL BWPs, then in practice one of the two BWPs would include the SSB

Table 1: Relevant Rel-15 FGs
	FG
6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier 
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on Scell

	FG
6-2
	Type A BWP adaptation with same numerology
	1) Up to 2 UE-specific RRC configured DL BWPs per carrier 
2) Up to 2 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer 
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if
configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell

	FG
6-3
	Type B BWP adaptation with same numerology
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer 
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell

	FG 
6-4
	BWP adaptation with different numerologies
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer 
4) More than one numerologies for the UE-specific RRC configured BWPs per carrier
5) Same numerology between DL and UL per cell except for SUL at a given time 
6) BW of a UE-specific RRC configured BWP includes BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell




Proposal 1: Update the FG 53-1 columns as follows: 
· Feature Group: Support RLM/BM/BFD and L3 measurements based on CD-SSB outside active BWP without interruptions
· Components: Add a new component: 4) Need for gaps for L3 measurements when CD-SSB outside active DL BWP
· Type: Make the FG 53-1 “Per band”
· Note: 
· Component 4 candidate values:{gap, ncsg, nogap-noncsg}
· Either keep or delete the note “If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.”

FG 53-2
The post-RAN1#113 FG 53-2 read as below:
	Feature group
	Components
	Prerequisites
	Type
	Note

	Support RLM/BM/BFD measurements based on CD-SSB outside active BWP with interruptions
	1. UE is allowed to performs RLM/BM/BFD measurements based on CD-SSB outside the active BWP with interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of [the corresponding carrier(s) to be measured]

2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for SCell
3. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.
	[1-7, 2-24, 2-31,] 53-3]
	[Per band]
	This feature only applies if there is no CSI-RS, no NCD- SSB, and no CD-SSB configured for RLM/BM/BFD in the active BWP of [the corresponding carrier(s) to be measured.]

[UE indicates at most one of FG 53-1 and 53- 2.]

FFS: candidate component values

The CD-SSB is still within the bandwidth of the carrier configured by SCS-SpecificCarrier of downlinkChannelBW-PerSCS-List in ServingCellConfig

[If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]

This FG is not applicable to RedCap UEs.



The following points should be addressed:
1. Resolution of pre-requisite FGs
2. Resolution of the type [Per-band]
3. Resolution of the note on: [Note: If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]

The same discussion and proposal as for FG53-1 apply for the the points 2, and 3, whereas point 1 needs to be addressed separately
Table 2: Relevant Rel-15 FGs for FG53-2 pre-requisites
	FG
1-7
	CSI-RS based RLM
	1) CSI-RS based RLM

	FG
2-24
	SSB/CSI-RS for beam
measurement
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semipersistent) across all CCs
configured to measure L1- RSRP within a slot shall not exceed MB_1 
1a. The max number of CSIRS resources (sum of aperiodic/periodic/semipersistent) across all CCs configured to measure L1- RSRP shall not exceed MC_1
2. The max number of CSIRS (2Tx) resources (sum of aperiodic/periodic/semipersistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2 
3. Supported density of CSIRS
4. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1

	FG
2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality
2. Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality 
3. Maximal number of different CSI-RS and/or SSB resources across all CCs for new beam identifications.



FG1-7 is mandatory with capability. However, there is no need to require CSI-RS based RLM for FG 53-2 UE that specifically is supposed to use SSB outside of the active BWP for RLM measurements. There is no need co cite FG1-7 as a pre-requisite for FG53-2.
FG2-24 is mandatory with capability. It should be clear that all UEs support FG2-24 and even though FG53-2 UE needs to support FG2-24, so do UEs that do not support FG53-2. Thus we don’t see an obvious need to cite FG2-24 as a pre-requisite.
FG2-31 is mandatory with capability for FR2 and optional for FR1. It is not obvious why support to FG53-2 would need to change this and mandate BFR for FG53-2 UEs.
Proposal 2: Update the FG 53-2 columns as follows: 
· Prerequisites: Remove FGs 1-7, 2-24 and 2-31 from the pre-requisite list
· Type: Make the FG53-2 “Per band”
· Note: Either keep or delete the note “If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.”

FG 53-3
The post-RAN1#113 FG 53-3 read as below:
	Feature group
	Components

	Support RLM/BM/BFD measurements based on NCD-SSB within active BWP
	1. UE performs RLM/BM/BFD measurements based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for Scell
3. NCD-SSB within the active DL BWP can be used as the QCL source for other reference signal.



The following points should be addressed:
1. Addition of the L3 measurements for FG53-1, optionally with measurement gaps

The same approach as suggested for FG53-1 can be applied also for FG53-3:
Proposal 3: Update the FG 53-3 columns as follows: 
· Feature Group: Support RLM/BM/BFD and L3 measurements based on NCD-SSB within active BWP

Conclusion
In this contribution we make the following proposals:
Proposal 1: Update the FG 53-1 columns as follows: 
· Feature Group: Support RLM/BM/BFD and L3 measurements based on CD-SSB outside active BWP without interruptions
· Components: Add a new component: 4) Need for gaps for L3 measurements when CD-SSB outside active DL BWP
· Type: Make the FG 53-1 “Per band”
· Note: 
· Component 4 candidate values:{gap, ncsg, nogap-noncsg}
· Either keep or delete the note “If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.”

Proposal 2: Update the FG 53-2 columns as follows: 
· Prerequisites: Remove FGs 1-7, 2-24 and 2-31 from the pre-requisite list
· Type: Make the FG 53-2 “Per band”
· Note: Either keep or delete the note “If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.”

Proposal 3: Update the FG 53-3 columns as follows: 
· Feature Group: Support RLM/BM/BFD and L3 measurements based on NCD-SSB within active BWP

References
[1] R1-2306223, “Updated RAN1 UE features list for Rel-18 NR after RAN1#113” Moderators (AT&T, NTT DOCOMO, INC.), May 2023
[2] RP-231486, “Revised WID: Complete the specification support for BandWidth Part operation without restriction in NR”, Vodafone, vivo, June 2023

Appendix: NR_BWP_ wor FGs after RAN1#113 [1]
53.	NR_BWP_wor
	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

	53. NR_BWP_wor
	53-1
	Support RLM/BM/BFD measurements based on CD-SSB outside active BWP without interruptions
	1. UE performs RLM/BM/BFD measurements based on CD-SSB without interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of [the corresponding carrier(s) to be measured.] 

2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for SCell

3. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.

	
	Yes
	n/a
	UE cannot support RLM/BM/BFD measurements based on CD-SSB outside active BWP without interruptions
	[Per band]
	No

	No
	n/a
	Note: The CD-SSB is still within the bandwidth of the carrier configured by SCS-SpecificCarrier of downlinkChannelBW-PerSCS-List in ServingCellConfig

[Note: If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]
[UE indicates at most one of FG 53-1 and FG 53-2.]


FFS: candidate component values
This FG is not applicable to RedCap UEs.
	Optional with capability signalling

	53. NR_BWP_wor
	53-2
	Support RLM/BM/BFD measurements based on CD-SSB outside active BWP with interruptions
	1. UE is allowed to performs RLM/BM/BFD measurements based on CD-SSB outside the active BWP with interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of [the corresponding carrier(s) to be measured]

2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for SCell

3. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.
	[1-7, 2-24, 2-31,] 53-3]

	Yes
	n/a
	UE cannot support RLM/BM/BFD measurements based on CD-SSB outside active BWP and meet interruptions requirements
	[Per band]
	No

	No
	n/a
	This feature only applies if there is no CSI-RS, no NCD- SSB, and no CD-SSB configured for RLM/BM/BFD in the active BWP of [the corresponding carrier(s) to be measured.]

[UE indicates at most one of FG 53-1 and 53- 2.]

FFS: candidate component values

The CD-SSB is still within the bandwidth of the carrier configured by SCS-SpecificCarrier of downlinkChannelBW-PerSCS-List in ServingCellConfig

[If a UE is configured with more than one UE-specific DL BWP configurations, the CD-SSB is within the bandwidth of at least one of the UE-specific DL BWP configurations.]

This FG is not applicable to RedCap UEs.
	Optional with capability signalling

	53. NR_BWP_wor
	53-3
	Support RLM/BM/BFD measurements based on NCD-SSB within active BWP
	1. UE performs RLM/BM/BFD measurements based on NCD-SSB, where the NCD-SSB is within the active DL BWP.
2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for Scell

3. NCD-SSB within the active DL BWP can be used as the QCL source for other reference signal.
	
	Yes
	n/a
	UE cannot support RLM/BM/BFD measurements based on NCD-SSB within active BWP 
	Per band
	No

	No
	n/a
	This FG is not applicable to RedCap UEs.
	Optional with capability signalling



