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1. Introduction
In RAN#97e meeting, solutions to support bwp-WithoutRestriction was discussed [1], the following conclusion is endorsed:

- 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 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

According to RAN guidance, RAN4 should do a high level analysis of the options in Q4 and report to RAN#98 for RAN decision. In last RAN4 meeting, some high level agreements on how to analyze the options were agreed as follows:

	<Agreement >: 

<During GTW on 13th Oct., following agreements were reached.>

· Agreements

· RAN4 works on the below aspects/criteria for highest-level analysis on options for UE performing RLM/BFD/BM when CD-SSB is outside active BWP

· RRM requirements impact (Spec impact) / workload in RAN4

· Mobility performance impact

· Throughput impact (Data interruption)

· UE power consumption / UE complexity

<Agreement >:
Options from RP-221911 are further split as below for high-level analysis.

· 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


In this contribution, we analyze the options for bwp-WithoutRestriction and provide our views.
2. Discussion
Issue 1-1-3-1: High-level analysis of options on RRM requirements impact/workload in RAN4
For the high level analysis on RRM requirements impact, we prefer to provide both impacted spec list and “summary” to plenary to better clarify the workload on different options. Our views are provided in the following table.
	Options
	RRM requirements impact/workload in RAN4

	
	Technical analysis
	Summary

	Option A)
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· Timing can be derived based on CSI-RS up to UE implementation. 
	None

	Option B-1-1)
	· Applicability of existing requirements for RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to defined.
	Minor

	Option B-1-2)
	· Applicability of existing requirements for SSB based RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be specified 

· Interruption requirements need to be developed additionally to allow UE for switching, or

· Interruption requirements with NCSG is developed so that UE is allowed for switching and interruption length and location is known to NW.
	Medium

	Option B-1-3)
	· Applicability of existing requirements for SSB based RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be specified 
	Minor

	Option B-1-4)
	· Applicability of existing requirements for SSB based RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be specified 

· Interruption requirements need to be developed.
	Medium

	Option B-2-1)
	New requirements should be developed for the gap sharing mechanism.

· Requirements for gap-based RLM

· Requirements for gap-based BFD

· Requirements for gap-based BM

· CCSF for measurements within gaps

· Gap sharing mechanism for L1 measurements and L3 measurements.
	Large

	Option B-2-2)
	New requirements should be developed for L1 measurements with dedicated measurement gaps.

· Requirements for gap-based RLM

· Requirements for gap-based BFD

· Requirements for gap-based BM

· CCSF for measurements within gaps

· Gap collision handling between L1 gap and L3 gap
	Large

	Option C)
	· BM/RLM/BFD measurement with NCD-SSB can work with existing RAN4 requirements. No new requirements are needed.
	None


Issue 1-1-3-2: High-level analysis of options on mobility performance impact
For high level analysis on mobility performance impact, the option 1 in last meeting WF is very confusing to only include intra-frequency measurement analysis. In our view, companies can provide the technical analysis, but only the conclusion should report to RAN plenary.
	Options
	Mobility performance impact

	
	Technical analysis
	Conclusion

	Option A)
	· Legacy behaviour. No impact on mobility performance
	No

	Option B-1-1)
	· No impact on mobility performance
	No

	Option B-1-2)
	· No impact on mobility performance 
	No

	Option B-1-3)
	· No impact on mobility performance
	No

	Option B-1-4)
	· No impact on mobility performance 
	No

	Option B-2-1)
	· Gap is shared by L1 and L3 measurement and cause negative impact on mobility performance
	Yes

	Option B-2-2)
	· If dedicated MG is collided with L3 gap, there will be negative impact on mobility performance.
	Yes

	Option C)
	· No impact on mobility performance
	No


Issue 1-1-3-3: High-level analysis of options on throughput impact (data interruption)
For high level analysis on throughput impact, in our view, the key point is whether additional measurement gap or interruptions are introduced. If only legacy measurement gap is configured, then there is no impact on throughput. Since inter-frequency measurement most likely will be configured to UE, we should focus on the typical case and do not list the case of no other inter-frequency measurement in the analysis. 
	Options
	Throughput impact (Data interruption)

	
	Technical analysis
	Conclusion

	Option A)
	· Legacy measurement gap is configured. No impact on throughput.
	No

	Option B-1-1)
	· Legacy measurement gap is configured. No impact on throughput.
	No

	Option B-1-2)
	· Legacy measurement gap is configured. In addition, interruptions cause throughput loss.
	Yes

	Option B-1-3)
	· Legacy measurement gap is configured. No impact on throughput.
	No

	Option B-1-4)
	· Legacy measurement gap is configured. In addition, interruptions cause throughput loss.
	Yes

	Option B-2-1)
	· Legacy measurement gap is configured. No impact on throughput.
	No

	Option B-2-2)
	· In addition to legacy L3 measurement gap, new L1 measurement gap cause throughput loss
	Yes

	Option C)
	· Legacy measurement gap is configured. No impact on througput
	No


Issue 1-1-3-4: High-level analysis of options on UE power consumption / UE complexity
Power consumption is the most difficult aspect to reach consensus since it is up to UE implementation and is impacted by many factors. In our view, it is better to avoid going to every detailed parameters. Instead, we should focus on the typical configurations, and if some negative impact on UE power consumption can be resolved by configurations, then it should not be a big problem on UE. For the conclusion part, we feel it is difficult to simply say the power consumption/UE complexity is low, medium or high. For example, companies may have different views on whether larger BW or turn on separate RF chain. So we prefer to only list the technical analysis instead of conclusion
	Options
	UE power consumption / UE complexity

	
	Technical analysis
	

	Option A)
	· UE works in active BWP. 

· No RF retuning is needed for CSI-RS based RLM/BFD/BM.
	

	Option B-1-1)
	· UE works in larger BW than active BWP. 

· No RF retuning is needed.
	

	Option B-1-2)
	· UE works in larger BW than active BWP. 

· RF retuning is needed for UE to switch between larger BW and active BWP.
	

	Option B-1-3)
	· UE needs to always turn on vacant/separate RF chain 
	

	Option B-1-4)
	· UE needs to periodically turn on vacant/separate RF chain
	

	Option B-2-1)
	· UE works in active BWP.
· RF retuning is also needed in measurement gap.
	

	Option B-2-2)
	· UE works in active BWP.
· RF retuning is also needed in measurement gap.
	

	Option C)
	· UE works in active BWP 

· RF retuning is not needed
	


Issue 1-2-1: Which new solution(s) are down-selected to be supported in Rel-18
Based on the above analysis, we can see that both Option B-1-1) and Option B-1-2) required larger UE BW, but Option B-1-2) has negative impact on throughput and more impact on spec changes. So we propose to first preclude Option B-1-2).

Option B-1-3) and Option B-1-1) is very similar on the first 3 aspects and no difference from network scheduling perspective. Hence, we think Option B-1-3) and Option B-1-1) can be considered as one UE capability, there is no need to restrict UE how to realize this feature.
Option B-2-1) and Option B-2-2) are not desirable from our perspective considering that Option B-2-1) has the most negative impact on mobility performance and Option B-2-2) has the most negative impact on throughput.

Option A) and C) are already supported without any new RAN4 requirements needed and can be supported already.

To summarize, Option A), Option C) and merged Option B-1-3)/Option B-1-1) are to be supported in Rel-18.

Proposal: The following solutions are down-selected to be supported in Rel-18:

· 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, or
· Option B-1-3) Using a separate RF chain without interruptions

· 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
3. Conclusions
In this contribution, we discuss options for "bwp-WithoutRestriction" and provide our views.
Proposal: The following solutions are down-selected to be supported in Rel-18:

· 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, or
· Option B-1-3) Using a separate RF chain without interruptions

· 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
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