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1. Introduction
In RAN#97e meeting, RAN plenary tasked RAN4 to do a high level analysis of the options (copied below) in RAN4’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
Thus, in RAN4#104-bis-e and RAN4#105, RAN4 extensively discussed the issue and analysed all solutions on the table with focus on the following several aspects:
· RRM requirements impact/workload in RAN4
· UE power consumption / UE complexity
· Mobility performance impact
· Throughput impact (Data interruption)
The evaluation summary and RAN4 agreements are captured in the LS [1] from RAN4 to RAN. In this contribution, we continue discussion in RAN. After discussion, some proposals are provided on how to move forward.
2. Discussion
The first thing we would like to highlight is that RAN4 updated the wording in option b) to the following:
· 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
· 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.
· 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 evaluation summary of different solutions captured in [1] is provided in the way that solutions are compared from one perspective to another. People can easily understand the pro/con of each solution from different perspective. Here we would like to reorganize the summary tables in a different way, e.g. solution by solution, to give people an overall view of each solution. 
Table 1: option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
	Aspect
	Technical analysis
	Summary

	RRM requirements impact/workload in RAN4
	· 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

	UE power consumption / UE complexity
	· UE works in active BWP. 
· No additional implementation complexity is needed
	Power consumption: Low
Complexity: Low

	Mobility performance impact
	· 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

	Throughput impact (Data interruption)
	· No NCSG/interruption or MG is needed for BM/RLM/BFD measurements
	None



Table 2: option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
	Aspect
	Technical analysis
	Summary

	RRM requirements impact/workload in RAN4
	· 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

	UE power consumption / UE complexity
	· 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
	Power consumption: High
Complexity: Low to medium

	Mobility performance impact
	· 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

	Throughput impact (Data interruption)
	· No NCSG/interruption or MG is needed for BM/RLM/BFD measurements
	None



Table 3: option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
	Aspect
	Technical analysis
	Summary

	RRM requirements impact/workload in RAN4
	· Same as Option B-1-1). Additionally,
· Interruption requirements need to be developed additionally to allow UE for switching.
	Low or medium

	UE power consumption / UE complexity
	· UE works in larger RF BW than active BWP periodically and UE may consume larger power than other options except Option B-1-1.
	Power consumption: medium
Complexity: Low to medium

	Mobility performance impact
	· 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

	Throughput impact (Data interruption)
	· Interruption is needed for BM/RLM/BFD measurements
	Low to medium



Table 4: option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
	Aspect
	Technical analysis
	Summary

	RRM requirements impact/workload in RAN4
	· 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

	UE power consumption / UE complexity
	· UE works in active BWP.
	Power consumption: Low
Complexity: Medium

	Mobility performance impact
	· 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

	Throughput impact (Data interruption)
	· NCSG or MG is needed for BM/RLM/BFD measurements
	NCSG: Low to Medium
MG: Medium



Table 5: option C) NCD-SSB approach
	Aspect
	Technical analysis
	Summary

	RRM requirements impact/workload in RAN4
	· Existing requirements for SSB based RLM/BFD/BM can be re-used.
· Clarification on the requirement applicability might be needed.
	Low

	UE power consumption / UE complexity
	· UE works in active BWP
	Power consumption: Low
Complexity: Low

	Mobility performance impact
	· 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

	Throughput impact (Data interruption)
	· No NCSG/interruption or MG is needed for BM/RLM/BFD measurements
	None



Note that aspects with medium negative impact are highlighted in yellow, while ones with high negative impact are highlighted in red. Based on the above tables, we can have the following observations:
[bookmark: _Ref120882783]Observation 1: option A and C have the least overall negative impact.
[bookmark: _Ref120882787]Observation 2: option B-1-1, B-1-2 and B-2-2 have comparable overall negative impact.
To move forward, we believe R18 Even Further RRM enhancement for NR and MR-DC is the best place to continue discussion and standardization work. RAN can discuss if it is manageable to cover all the options in R18, considering existing RAN4 workload. Nevertheless, we think at least option A and C shall be considered since only minimum workload and spec impact can be foreseen.
[bookmark: _Ref120882794]Proposal 1: New objective in R18:
1) Study whether timing requirements need to be updated to support BM/RLM/BFD based on CSI-RS within active BWP when UE active BWP does not contain SSB, and specify corresponding requirements as necessary. (high priority)
2) Study whether clarification on BM/RLM/BFD requirement applicability is needed to support BM/RLM/BFD based on NCD-SSB, and specify corresponding requirements as necessary. (high priority)
3) Study how to support BM/RLM/BFD based on SSB outside active BWP with or without interruption, at least including: (medium priority)
a. Whether applicability rule on BM/RLM/BFD requirement needs to be updated
b. Whether requirements of intra-frequency measurement with gap need to be updated
c. Interruption requirements for UE which would cause interruption when performing support BM/RLM/BFD based on SSB outside active BWP
4) Study how to support BM/RLM/BFD based on SSB outside active BWP with dedicated MG or NCSG assistance, at least including: 
a. Potential requirement for SSB based RLM/BFD/BM with dedicated NCSG. (medium priority)
b. Potential requirement for SSB based RLM/BFD/BM with dedicated MG. (low priority)

3. Conclusion
In this contribution, we further discuss how to support BWP without restriction in R18. After discussion, the following conclusions are provided:
Observation 1: option A and C have the least overall negative impact.
Observation 2: option B-1-1, B-1-2 and B-2-2 have comparable overall negative impact.
Proposal 1: New objective in R18:  
1) Study whether timing requirements need to be updated to support BM/RLM/BFD based on CSI-RS within active BWP when UE active BWP does not contain SSB, and specify corresponding requirements as necessary. (high priority)
2) Study whether clarification on BM/RLM/BFD requirement applicability is needed to support BM/RLM/BFD based on NCD-SSB, and specify corresponding requirements as necessary. (high priority)
3) Study how to support BM/RLM/BFD based on SSB outside active BWP with or without interruption, at least including: (medium priority)
a. Whether applicability rule on BM/RLM/BFD requirement needs to be updated
b. Whether requirements of intra-frequency measurement with gap need to be updated
c. Interruption requirements for UE which would cause interruption when performing support BM/RLM/BFD based on SSB outside active BWP
4) Study how to support BM/RLM/BFD based on SSB outside active BWP with dedicated MG or NCSG assistance, at least including: 
a. Potential requirement for SSB based RLM/BFD/BM with dedicated NCSG. (medium priority)
b. Potential requirement for SSB based RLM/BFD/BM with dedicated MG. (low priority)
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