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1 Introduction
In RAN1#112bis-e meeting, UE features for BWP without restriction were discussed and the feature list as shown in Appendix was agreed [1] for further discussion. 
In this contribution, we present our views for the remaining issues, i.e., the highlighted yellow part for UE supporting BWP without restriction. 

2 Discussion 
About following in the Components and the Note Column for FG53-1 and FG53-2: 
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.] 
FFS: candidate component values
It is related to whether/how to define/restrict the location for CD-SSB outside the active BWP. There are two options discussed in the last RAN1 meeting. 
· [bookmark: _Hlk134439090]Option 1: the CD-SSB is outside active DL BWP, but is within the bandwidth of at least one DL BWP of the carrier.
· Option 2: Introduce candidate values, i.e., (a subset of) current UE channel BWs, for indicating the total frequency span of CD-SSB and an active BWP on which a UE can perform measurement based on CD-SSB without interruptions.
For Option 1, the main motivation calimed by the proponent is to avoid allowing impractical combinations/scenarios of DL BWP configuration(s) and the CD-SSB location so that a UE can implement and be tested appropriately.
For Option 2, the main motivation calimed by the proponent is to accomadate different UE implementations e.g. keep larger RF bandwidth or use separate RF chain to realize Option B-1-1 and for UE power saving. For example, in case of using separate RF chain, certain BW range for handling SSB may be needed. 
During the discussion for above two options, there was different views on whether the separate RF chain can be used for realizing Option B-1-1. According to following RAN4 agreements made in section 11.5 in [2], per our understanding, the option of separate RF chain was already precluded and it is not included in the approved WID as shown in appendix.  
	· Agreement
· Deprioritize the following options B-1-3, B-1-4, B-2-1
· Candidate options 
· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option B-1-3) Using a separate RF chain without interruptions
· Option B-1-4) Using a separate RF chain with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-1) Shared MG or NCSG for RLM/BFD/BM and L3 measurement
· Option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
· Option C) NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD



Observation 1: Using a separate RF chian for Option B-1-1 and B-1-2 was already precluded by RAN4.
[bookmark: _Hlk134439051]Based on such understanding, for option 2, defining the frequency span may be mainly for reducing UE power consumption and seems not to be a UE capability issue. In addition, different frequency spans may creat many sub-options between Option B-1-1 and Option B-1-2. In summary, if defining the CD-SSB location outside the active BWP is necessary from UE implementation and/or test perspective, Option 1 is more straightforward and preferred.
Proposal 1: If restriction on the CD-SSB location outside the active BWP is necessary, Option 1 that the CD-SSB is outside active DL BWP, but is within the bandwidth of at least one DL BWP of the carrier is preferred.

About the Type of “Per band” vs. “Per FSPC”:
The type of “Per FSPC” is proposed for using a separate RF for Option B-1-1 and Option B-1-2. Based on our Observation 1, we think Per band is sufficient.
Proposal 2:  For FG53-1 and FG53-2, the Type is Per band. 

[bookmark: _Hlk134439916][bookmark: _Hlk134439195]About the highlighted Note: “[UE indicates at most one of FG 53-1 and FG 53-2.]”:
For FG53-1 and FG53-2. It is related to the case whether a UE can support both Option B-1-1 and Option B-1-2. While, we think it is also necessary to discuss other cases on whether a UE can support both Option A and Option B-1-1, both Option A and Option B-1-2, both Option A and Option C, both Option B-1-1 and Option C as summarized in Table 1. Based on the WID, Option C is the prerequisite for Option B-1-2, hence a UE can support both Option C and Option B-1-2. 
Table 1. Support for BWP without restriction FGs
	
	Option A (FG1-7, 2-24, 2-31)
	Option B-1-1 (FG53-1)
	Option B-1-2 (FG53-2)
	Option C (FG53-3)

	Option A (FG1-7, 2-24, 2-31)
	\
	FFS
	Y
	Y

	Option B-1-1 (FG53-1)
	\
	\
	FFS [UE indicates at most one of FG 53-1 and FG 53-2.]
	Y

	Option B-1-2 (FG53-2)
	\
	\
	\
	Y


From our understanding, Option A can be supported by existing UE FG1-7 CSI-RS based RLM, FG2-24 SSB/CSI-RS for beam measurement and FG2-31 Beam failure recovery. 
Option A (FG1-7, 2-24, 2-31) + Option B-1-1 (FG53-1)
About whether a UE can indicate the support of both Option A and FG53-1 (Option B-1-1), from UE implementation perspective, it seems feasible to support both. From network perspective, a UE supporting both Option A and FG53-1 provides more flexibility and adaptivity to the network deployment. Therefore, it is beneficial to support both Option A and FG53-1. However, there may be different understanding that Option B-1-1 is proposed to replace Option A, Option A and Option B-1-1 should be exclusive. Therefore, it is necessary to discuss whether a UE can indicate the support of both Option A and FG53-1 (Option B-1-1). If the answer is Yes, then the next question is whether the NW can configure the UE to work using both Option A and Option B-1-1, e.g. for beam management that SSB is configured for corse beam measurement and CSI-RS is for finer beam measurement.
Proposal 3: Clarify whether a UE can support both Option A and Option B-1-1. 
· If the UE can indicate the support of both Option A and Option B-1-1, discuss whether network can configure the UE to operate with both Option A and Option B-1-1 for RLM/BM/BFD measurements.

Option A (FG1-7, 2-24, 2-31) + Option B-1-2 (FG53-2)
Based on the WID description for Option B-1-2 that “The UE shall be allowed to use B-1-2 only 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; and […]”, it can be concluded that UE can support both Option A and Option B-1-2. Only when network deos not configure the CSI-RS based RLM/BM/BFD measurement, Option B-1-2 can be used.
[bookmark: _Hlk134809527]Proposal 4: Clarify that a UE can indicate the support of both Option A and Option B-1-2. 
· If the UE indicate the support of both Option A and Option B-1-2, network can configure the UE to operate with either Option A or FG 53-2 for RLM/BM/BFD measurements.

Option A (FG1-7, 2-24, 2-31) + Option C (FG53-3)
The case that a UE indicates the support of both Option A and FG53-3 (Option C) is the same as legacy UE using CD-SSB within the active BWP and CSI-RS for RLM//BM/BFD measurements. Therefore, a UE can indicate the support of both Option A and FG53-3 (Option C) and network can also configure the UE to operate with both Options.
[bookmark: _Hlk134807376]Proposal 5: Clarify that a UE can indicate the support of both Option A and FG53-3 (Option C) and network can configure the UE to operate with Option A and/or FG53-3 (Option C) for for RLM/BM/BFD measurements.

Option B-1-1 (FG53-1) + Option B-1-2 (FG53-2)
This is related to the highlighted Note: “[UE indicates at most one of FG 53-1 and FG 53-2.]” For a UE supporting FG53-1, it can also support FG53-2. So, from UE impelementaion perspective, it is feasible to support both FGs. From network perspective, it is beneficial for NW to decide which capability to use depending on the UE’s power status, SSB locations etc.  
Proposal 6: Clarify whether a UE can indicate the support of both FG 53-1 and FG 53-2. 
· If the UE can support both FG 53-1 and FG 53-2, network can configure the UE to operate with either FG 53-1 or FG 53-2 for RLM/BM/BFD measurements, i.e., the UE works with option B-1-1 or option B-1-2 exclusively.

Option B-1-1 (FG53-1) + Option C (FG53-3)
It is highly likely that UE would support both option B-1-1 and C. In deployment where NCD-SSB is configured, the UE should operate as option C. In deployment without NCD-SSB, the UE operates as option B-1-1. There is no need to support the case that UE works with larger BW i.e., Option B-1-1 even when there is NCD-SSB is configured within active BWP does not make sense.
Proposal 7: Clarify that a UE can indicate the support of both FG 53-1 and FG 53-3. 
· If the UE can support both FG 53-1 and FG 53-3, network can configure the UE to operate with either FG 53-1 or FG 53-3 for RLM/BM/BFD measurements as follows
· If the UE is configured with NCD-SSB within the active DL BWP, the UE works and meets the requirements based on Option C i.e., NCD-SSB for BM/RLM/BFD; Otherwise, the UE works and meets the requirements based on Option B-1-1.  

About the highlighted Prerequisite feature groups for FG53-2:
[bookmark: _Hlk134809402]At least FG53-3 should be kept as stated in the WID that “UE shall support option (C) NCD-SSB (subject to IoDT availability)”. For FG1-7, 2-24 and 2-31, we think it can also be kept because of following indicated in the WID for Option B-1-2, which means the UE should support the CSI-RS based RLM/BM/BFD in the active BWP.
· Specify support of BM/RLM/BFD based on SSB outside the active BWP with interruptions with the following conditions (RAN4, RAN2, RAN1):
· [bookmark: _Hlk134809469][bookmark: _Hlk134809372]The UE shall be allowed to use B-1-2 only 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; and
· UE shall support option (C) NCD-SSB (subject to IoDT availability). 
· The interruption related requirements will be decided and specified in RAN4.

Proposal 8: For FG53-2, at least FG53-3 should be kept. FG1-7, 2-24 and 2-31 can also be kept. 

3 Conclusion
This contribution provides our views for UE features required for BWP without restriction. Following is the observation and proposal summary. 

Observation 1: Using a separate RF chian for Option B-1-1 and B-1-2 was already precluded by RAN4.

Proposal 1: If restriction on the CD-SSB location outside the active BWP is necessary, Option 1 that the CD-SSB is outside active DL BWP, but is within the bandwidth of at least one DL BWP of the carrier is preferred.
Proposal 2:  For FG53-1 and FG53-2, the Type is Per band. 
Proposal 3: Clarify whether a UE can support both Option A and Option B-1-1. 
· If the UE can indicate the support of both Option A and Option B-1-1, discuss whether network can configure the UE to operate with both Option A and Option B-1-1 for RLM/BM/BFD measurements.
Proposal 4: Clarify that a UE can indicate the support of both Option A and Option B-1-2. 
· If the UE indicate the support of both Option A and Option B-1-2, network can configure the UE to operate with either Option A or FG 53-2 for RLM/BM/BFD measurements.
Proposal 5: Clarify that a UE can indicate the support of both Option A and FG53-3 (Option C) and network can configure the UE to operate with Option A and/or FG53-3 (Option C) for for RLM/BM/BFD measurements.
Proposal 6: Clarify whether a UE can indicate the support of both FG 53-1 and FG 53-2. 
· If the UE can support both FG 53-1 and FG 53-2, network can configure the UE to operate with either FG 53-1 or FG 53-2 for RLM/BM/BFD measurements, i.e., the UE works with option B-1-1 or option B-1-2 exclusively.
Proposal 7: Clarify that a UE can indicate the support of both FG 53-1 and FG 53-3. 
· If the UE can support both FG 53-1 and FG 53-3, network can configure the UE to operate with either FG 53-1 or FG 53-3 for RLM/BM/BFD measurements as follows
· If the UE is configured with NCD-SSB within the active DL BWP, the UE works and meets the requirements based on Option C i.e., NCD-SSB for BM/RLM/BFD; Otherwise, the UE works and meets the requirements based on Option B-1-1.  
Proposal 8: For FG53-2, at least FG53-3 should be kept. FG1-7, 2-24 and 2-31 can also be kept. 
[bookmark: _GoBack]
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[bookmark: _Hlk131412986]53. NR_BWP_wor
	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

	53-1
	[bookmark: _Hlk133837216]Support RLM/BM/BFD measurements based on CD-SSB outside active BWP without interruptions
	[bookmark: _Hlk133837291]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

	
	Yes
	n/a
	UE cannot support RLM/BM/BFD measurements based on CD-SSB outside active BWP without interruptions
	[bookmark: _Hlk133837596][Per band]
	No

	No
	n/a
	[UE indicates at most one of FG 53-1 and FG 53-2.]

[bookmark: _Hlk134434245]FFS: candidate component values
This FG is not applicable to RedCap UEs.
	Optional with capability signalling

	[bookmark: _Hlk133837588]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
	[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

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

	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
	
	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
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4 Appendix 
RP-230805 [3]
	Justification
BWP operation without CD-SSB (FG 6-1a) is optional feature introduced in Rel-15, however, the specification support for this feature is not yet fully complete.
According to the discussion in RAN, RAN4 and RAN1, the following potential solutions were identified in RP-230766:
· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
· Option C) NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
The work item includes following objectives: 
· For Option A 
· Study and specify if any clarifications of the existing requirements are needed, e.g., applicability of requirements, conditions of gap configuration etc. (RAN4)
· For Option B-1-1
· [bookmark: _Hlk131409765]Specify support of BM/RLM/BFD based on SSB outside the active BWP without interruptions (RAN4, RAN2, RAN1)
· For Option C 
· Specify support of BM/RLM/BFD based on NCD-SSB within active BWP for non-RedCap UEs (RAN4, RAN2, RAN1)
· For Option B-1-2 
· Specify support of BM/RLM/BFD based on SSB outside the active BWP with interruptions with the following conditions (RAN4, RAN2, RAN1):
· The UE shall be allowed to use B-1-2 only 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; and
· UE shall support option (C) NCD-SSB (subject to IoDT availability). 
· The interruption related requirements will be decided and specified in RAN4.

The expected RAN2 impacts are the RRC configuration signalling for the above options, and the capability signalling aspects.




