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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the previous RAN4 meeting, the criteria for high-level analysis on RAN4 options for FG 6-1a support was agreed as below [1].
	Conclusion in RAN4 #10e-bis-e 
· 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

· 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 (FG 6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD


This paper discusses each option with the agreed criteria/aspects and provides our views. We try to selectively take the agreeable arguments in the previous meeting.
2. Discussion
RRM requirements/workload load impacts in RAN4
The potential issues mentioned in the previous meeting are summarized to estimate workload impacts in RAN4.  
	Options
	RRM requirements /workload load
	Summary

	A
	Whether to introduce timing tracking requirement based on CSI-RS
	1 minor issue

	B-1-1
	Specify reuse of existing RLM/BFD/BM requirement 
	1 minor issue

	B-1-2
	Specify reuse of existing RLM/BFD/BM requirement
Interruption requirements for UE to switch to wider RF 
	2 minor issues

	B-1-3
	Specify reuse of existing RLM/BFD/BM requirement 
	1 minor issue

	B-1-4
	Specify reuse of existing RLM/BFD/BM requirement
Interruption requirements for UE to switch to wider RF 
	2 minor issues

	B-2-1
	Shared gap based RLM, BFD and BM requirement
Gap sharing mechanism for L1 and L3 measurement
CSSF for measurements within gaps
	5 major issues

	B-2-2
	Dedicated gap based RLM, BFD and BM requirement
CSSF for measurements within gaps
	4 major issues

	C
	Specify reuse of existing NCD-SSB requirement
	1 minor issue


Mobility performance impact
We investigate the mobility performance by checking the limiting factor for RLM/BFM/BM measurement. Gap-based options would have limitation due to trade-off between gap availability and data transmission availability in time domain.   
	Options
	Mobility performance limitation
	Summary

	A
	No limitation since RS for RLM/BFM/BM is within BWP
	No limitation

	B-1-1
	No limitation since RS for RLM/BFM/BM is within UE RF BW
	No limitation

	B-1-2
	No limitation since RS for RLM/BFM/BM is within UE RF BW
	No limitation

	B-1-3
	No limitation since RS for RLM/BFM/BM is within UE RF path
	No limitation

	B-1-4
	No limitation since RS for RLM/BFM/BM is within UE RF path
	No limitation

	B-2-1
	Trade-off between gap availability and data transmission availability
 . Further degradation under gap-sharing 
	Gap availability limitation

	B-2-2
	Trade-off between gap availability and data transmission availability
	Gap availability limitation

	C
	No limitation since RS for RLM/BFM/BM is within BWP
	No limitation


Throughput impact (Data interruption)
Data throughput performance can be investigated by checking the limiting factor caused by RLM/BFM/BM measurement. Like as mobility performance, gap-based options would have limitation due to trade-off between gap availability and data transmission availability in time domain. The interruption time for activation of wider RF BW / additional RF path in B-1-2 and B-1-4 is assumed to be periodic. The gap consists of interruption time from RF switching and actual gap duration. 
	Options
	Throughput performance limitation
	Summary

	A
	No limitation since is within BWP
	No limitation

	B-1-1
	No limitation since is within UE RF BW
	No limitation

	B-1-2
	Interruption time for wider RF BW activation
	Interruption time * 

	B-1-3
	No limitation since is within UE RF path
	No limitation

	B-1-4
	Interruption time for activation of additional RF path
	Interruption time *

	B-2-1
	Trade-off between gap availability and data transmission availability 
	Gap **
(Scheduling restriction)

	B-2-2
	Trade-off between gap availability and data transmission availability
	Gap 

	C
	No limitation since RS is within BWP
	No limitation


*) For RF activation only, interruption without scheduling restriction is assumed in B-1-2 / B-1-4.
**) NCSG may avoid data interruption but, it also has limitation when periodic gap is required.
UE power consumption in RF
In this section, we investigate the power consumption in terms of activated BWP size and activated time. We assume that RF power consumption is proportional to bandwidth size and RF path. Considering {1.5, 3, 3.5, 4, 5.5, 6} of gap length (in msec) and {20, 40, 80, 160} gap repetition period (in msec), the portion of gap interval in time i.e., β in B2 is ranging from 0.01 ~ 0.3. Under 3 msec gap for SMTC window of 2 msec with 20 / 160 msec periodicity, β would be 0.15 / 0.02 respectively. The portion of activated interval in time i.e., α in B1 also would have the same range of β if we assume the similar activation pattern as gap.
	Options
	UE power consumption in RF
	Summary

	A
	Active BWP size
	BWP

	B-1-1
	Active BWP size + α × Additional RF BW
 where α is the portion of activation interval in time
	BWP + α × ∆BW
(For B-1-1, α = 1)

	B-1-2
	
	

	B-1-3
	Active BWP size + α × SSB BW in additional RF path
 where α is the portion of activation interval in time
	BWP + α × SSB BW in additional RF path (For B-1-3, α = 1)

	B-1-4
	Active BWP size + α × SSB BW in additional RF path
 where α is the portion of activation interval in time
	BWP + α × SSB BW in additional RF path

	B-2-1
	(1 – β) × Active BWP size + β × SSB BW size,
 where β is the portion of gap interval in time
	(1 – β) × BWP + β × SSB BW

	B-2-2
	(1 – α) × Active BWP size + α × SSB BW size,
 where α is the portion of gap interval in time
	(1 – α) × BWP + α × SSB BW

	C
	Active BWP size
	BWP


Note) α, β is the portion of activated interval, Gap interval, respectively in time domain for B-1/B-2 respectively.
3. Summary and Conclusion

The qualitative investigations in Section 2.1 ~ 2.4 can be summarized below. 
	Options
	RRM Spec Impact
	Mobility Impact
	Tput Impact
	RF Power Consumption

	A
	1 minor issue
	No limitation
	No limitation
	BWP

	B-1-1
	1 minor issue
	No limitation
	No limitation
	BWP + ∆BW

	B-1-2
	2 minor issues
	No limitation
	Interruption time
	BWP + α × ∆BW

	B-1-3
	1 minor issue
	No limitation
	No limitation
	BWP + SSB BW in additional RF path

	B-1-4
	2 minor issues
	No limitation
	Interruption time
	BWP + α × SSB BW in additional RF path

	B-2-1
	5 major issues
	Gap availability limitation
	Gap
	(1 – β) × BWP + β × SSB BW

	B-2-2
	4 major issues
	Gap availability limitation
	Gap interruption
	(1 – α) × BWP + α × SSB BW

	C
	1 minor issue
	No limitation
	No limitation
	BWP


Note) α, β is the portion of activated interval, Gap interval, respectively in time domain for B-1/B-2 respectively
Different views on the priority of criterion can give various preferences in each option. In our view, mobility/Tput impacts as well as RRM specification impact are the most important factors and UE power consumption in ‘B-1-2/B-1-1’ may be left as UE vendor’s implementation choice. 
Also, we think that RAN4 need to consider the justification of workload for new design when existing reasonable and almost stable alternative solutions are available. Thus, we have preference to option ‘A’ and option ‘C’. We also think that option ‘B-1-2/B-1-1’ is reasonable approach but we have less preference to ‘B-2’ and ‘B-1-3/B-1-4'. It is also desirable to enable the benefits of NCD-SSB for RedCap UE in Rel-17 to non-RedCap UE in Rel-18 through option ’C’. We also note that the RAN plenary task only requested RAN4 to perform a high-level analysis of the options and did not request RAN4 to make a recommendation for which option(s) to specify. Although we have shared our preference in the paper, the priority in this meeting to reach consensus on the outcome of the analysis that can be reported to RAN.
Proposal 1: Report to RAN#98 with summary table and contents in section 3.
Proposal 2: Report to RAN#98 with comparison tables and contents in section 2.1 ~ 2.4 as an annex.
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