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Introduction
According to conclusion in the RAN#97 meeting, RAN4 was tasked to perform high-level analysis of the options for BWP operation without restriction [1]. 
	Conclusion:
· No new solution for FG 6-1a shall be added to Rel-17
· If CSI-RS based RLM/BM/BFD are supported by a UE, FG6-1a can work without any issue. FG1-7 (CSI-RS based RLM) and FG 2-24 (SSB/CSI-RS for beam measurement) are mandatory with capability signalling features.
· No change to TU allocation for current RAN4 work in Q4 2022. 
· RAN asks RAN 4 to do a high level analysis of the options (copied below) in RAN 4’s answer to Q2 in RP-221911 and report it to RAN#98 for RAN decision.
Options from RP-221911:
a) Perform BM/RLM/BFD based on CSI-RS within active BWP
b) Perform BM/RLM/BFD based on SSB outside active BWP
i)  UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped 
    with a separate RF chain
ii)  BM/RLM/BFD on SSB outside BWP are performed with shared MG or NCSG for L3 measurement, or
    dedicated MG or NCSG for RLM/BFD/BM measurements.
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


RAN4 was working on the task in the RAN4#104-bis-e and RAN4#105 meetings. The conclusion was reported to RAN plenary meeting in the RAN4 LS [2].
In this contribution, we present our views on how BWP operation without restriction is to be supported.
Discussion
[bookmark: _Hlk73468315]Firstly, the options were down-selected by RAN4. The final candidate options for performing high-level analysis were as below.
· 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-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
For the 5 candidate options, RAN4 high-level analysis for UE performing RLM/BFD/BM when CD-SSB is outside active BWP is summarized in Table 1, Table 2, Table 3, and Table 4, respectively.
Table 1: High-level analysis of candidate options on RRM requirements impact/workload in RAN4
	Options
	Technical analysis
	Summary

	Option A)
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· Further study is needed to decide on whether timing requirements may need to be updated
	Low

	Option B-1-1)
	· Existing SSB based RLM/BFD/BM measurement requirements will apply. 
· The applicability rule of existing requirements is to be updated. 
· Depending on RF BW and BB BW (FFT BW) assumption, at least intra-frequency measurement with gap need to be revisited
	Low

	Option B-1-2)
	· Same as Option B-1-1). Additionally,
· Interruption requirements need to be developed additionally to allow UE for switching.
	Low or Medium

	Option B-2-2)
	· Existing requirements need to be updated for SSB based RLM/BFD/BM with dedicated NCSG.
· Existing requirements need to be updated for SSB based RLM/BFD/BM with dedicated MG.
	NCSG: Low or Medium
MG: Medium

	Option C)
	· Existing requirements for SSB based RLM/BFD/BM can be re-used.
· Clarification on the requirement applicability might be needed.
	Low


Note: “Low”/ “Low to Medium”/ “Medium” correspond to the low/low to medium/medium RRM requirements impact.

Table 2: High-level analysis of candidate options on UE power consumption / UE complexity
	Options
	Technical analysis
	Summary

	
	
	Power consumption
	UE complexity

	Option A)
	· UE works in active BWP. 
· No additional implementation complexity is needed
	Low
	Low

	Option B-1-1)
	· Depending on RF BW and BB BW (FFT BW) assumption, UE can consume much higher power than other options 
· If BB BW is assumed adapted to BWP BW, it should be FFS how interruption can be avoided and its impact on UE complexity
	High
	Low to medium

	Option B-1-2)
	· UE works in larger RF BW than active BWP periodically and UE may consume larger power than other options except Option B-1-1. 
	Medium
	Low to Medium

	Option B-2-2)
	· UE works in active BWP. 
	Low
	Medium

	Option C)
	· UE works in active BWP 
	Low
	Low


Note: “Low”/ “Low to Medium”/ “Medium” correspond to the low/low to medium/medium negative impact on UE power consumption and UE complexity comparing to the legacy solution.

Table 3: High-level analysis of candidate options on Mobility performance impact
	Options
	Technical analysis
	Summary 

	Option A)
	· Measurement gap is needed for intra-frequency L3 measurement: i.e., legacy intra-frequency L3 measurements with gap requirements apply.
· Measurement gap is needed for inter-frequency L3 measurement
	Low

	Option B-1-1)
	· No measurement gap is needed for intra-frequency L3 measurement: i.e., legacy intra-frequency L3 measurements without gap requirements apply.
· Measurement gap is needed for inter-frequency L3 measurement
· Can also help L3 intra-frequency measurement
	Low

	Option B-1-2)
	· No measurement gap is needed for intra-frequency L3 measurement: i.e., legacy intra-frequency L3 measurements without gap requirements apply.
· Measurement gap is needed for inter-frequency L3 measurement
· Measurement gap is needed for inter-frequency L3 measurement
	Low

	Option B-2-2)
	· Measurement gap is needed for intra-frequency L3 measurement: i.e., legacy intra-frequency L3 measurements with gap requirements apply.
· Measurement gap is needed for inter-frequency L3 measurement
	Low

	Option C)
	· Measurement gap may or may not be needed for intra-frequency L3 measurement depending on whether or not NCD-SSBs from all neighbor cells are present within UE active BWP.
· Measurement gap is needed for inter-frequency L3 measurement.
	Low


Note: “Low” - means a limited impact on mobility performance comparing to the legacy solution.

Table 4: High-level analysis of candidate options on Throughput impact (Data interruption)
	Options
	Technical analysis
	Summary 

	Option A)
	No NCSG/interruption or MG is needed for BM/RLM/BFD measurements
	None

	Option B-1-1)
	No NCSG/interruption or MG is needed for BM/RLM/BFD measurements
	None

	Option B-1-2)
	Interruption is needed for BM/RLM/BFD measurements
	Low to Medium

	Option B-2-2)
	NCSG or MG is needed for BM/RLM/BFD measurements
	NCSG: Low to Medium
MG: Medium

	Option C)
	No NCSG/interruption or MG is needed for BM/RLM/BFD measurements
	None


	Note 1: Throughput impact due to L3 measurements is not considered.
Note 2: “Low”/ “Medium” correspond to the low/medium negative impact on throughput comparing to the legacy solution.

Based on RAN4 high-level analysis, following observations can be made.
From RRM requirements impact/workload in RAN4 perspective,
· Option A), option B-1-1) and option C) have low RRM requirements impact and low RAN4 workload. 
· For Option A), further study is needed to decide on whether timing requirements may need to be updated
· For Option B-1-1), the applicability rule of existing requirements is to be updated
· For Option C), clarification on the requirement applicability might be needed.
From UE power consumption / UE complexity perspective,
· Option A) and option C) have low UE power consumption and low UE complexity. 
From Mobility performance impact perspective,
· All candidate options have low impact to mobility performance. 
From Throughput impact (Data interruption) perspective,
· Option A), option B-1-1) and option C) have no extra throughput impact when UE is performing RLM/BFD/BM, i.e., it is performed based on RSs within active BWP or RF channel BW. 
It can be seen that Option A) and Option C) have minimum impact from the above four aspects/criteria. Thus, the two options should be supported from specification point of view for UE to perform RLM/BFD/BM when CD-SSB is outside active BWP. 
Option B-1-1) also has low impact at the cost of high UE power consumption. It can be considered to be supported considering low specification impact.
Option B-1-2) and Option B-2-2) however require larger RAN4 efforts to define requirements and it has certain level of system impact in terms of throughput loss. We think it should not be considered as it could highly not be used in practical network in the future.
Proposal 1: Option A) Performing BM/RLM/BFD based on CSI-RS within active BWP, and Option C) NCD-SSB approach should be supported as solutions for BWP operation without restriction when CD-SSB is outside active BWP. 
Proposal 2: Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions can also be supported.
Proposal 3: RAN4 to complete necessary RRM requirements for Option A), Option C) and Option B-1-1). Specification impact to other working groups is not precluded.

In the RAN#97 meeting, it was agreed that no new solution for FG 6-1a shall be added to Rel-17. In the RAN4#104-bis-e meeting, it was agreed that there is no need to discuss solution for RLM/BFD/BM when CD-SSB is outside active BWP for Rel-17 in RAN4. Therefore, the new solutions should be supported from Rel-18.
Proposal 4: Option A), Option C) and Option B-1-1) are supported from Rel-18.

Conclusion
In this contribution, we presented our views on how BWP operation without restriction is supported. Following proposals and observations are presented.
Proposal 1: Option A) Performing BM/RLM/BFD based on CSI-RS within active BWP, and Option C) NCD-SSB approach should be supported as solutions for BWP operation without restriction when CD-SSB is outside active BWP. 
Proposal 2: Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions can also be supported.
Proposal 3: RAN4 to complete necessary RRM requirements for Option A), Option C) and Option B-1-1). Specification impact to other working groups is not precluded.
Proposal 4: Option A), Option C) and Option B-1-1) are supported from Rel-18.
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