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The RAN task related to the BWP operation without restriction was discussed in the last RAN4 meeting but no agreement was reached. However, a WF capturing issues for further analysis on BWP operation without restriction was approved [1].
In this paper we further analyze the different options outlined for the BWP operation without restriction in the WF [1]. 
Analysis of impact on RRM for different options
According to the approved WF it was agreed to analyze and compare different options related to the UE performing RLM/BFD/BM on CD-SSB outside the active BWP based on the following metrics [1]:
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity
The Options A, B-1 (B-1-1, B-1-2, B-1-3, B-1-4, B-1-4), B-2 (B-2-1 and B-2-2) and C analyzed in this paper are the reproduced in the Annex.
In Option C, the analysis is based on the assumption that the NCD-SSB is within the UE’s active BWP like in Redcap. 
Spec impact and workload in RAN4
	Options
	RRM requirements impact/workload in RAN4

	
	Technical analysis
	Impact
(Required changes)

	Option A)
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· The UE shall meet timing requirements based on SSB. The existing condition on the availability of the SSB every 160 ms is to meet the timing requirements. No further clarification is needed. 
	None

	Option B-1-1)
	· Existing SSB based RLM/BFD/BM measurement requirements will apply. 
· Minor clarification on the applicability of existing requirements is needed.
	Low

	Option B-1-2)
	· Existing SSB based RLM/BFD/BM measurement requirements will apply. 
· Additional work is needed to define interruption requirements. 
	Medium

	Option B-1-3)
	· Existing SSB based RLM/BFD/BM measurement requirements will apply. 
· Minor clarification on the applicability of existing requirements is needed.
	Low

	Option B-1-4)
	· Existing SSB based RLM/BFD/BM measurement requirements will apply. 
· Additional work is needed to define interruption requirements.
	Medium

	Option B-2-1)
	· New RLM/BFD/BM measurement requirements for RLM/BFD/BM performed in gaps will be needed.
· Impact on L3 measurement requirements due to gap sharing with RLM/BFD/BM measurement. 
	High

	Option B-2-2)
	· New RLM/BFD/BM measurement requirements performed in gaps will be needed.
· Impact on L3 measurement requirements due to collision between gaps for L3 measurements and the dedicatted gaps for RLM/BFD/BM measurement.
	High

	Option C)
	· Existing SSB based RLM/BFD/BM measurement requirements will also apply to NCD-SSB based RLM/BFD/BM measurements. 
	None


Mobility performance impact
The mobility performance is impacted by the performance of the L3 measurements. The impact of different options on the mobility performance is analyzed below:

	Options
	Mobility performance impact

	
	Technical analysis
	Impact
(Degradation)

	Option A)
	· No impact on any layer-3 measurements.
	None

	Option B-1-1)
	· No impact on any layer-3 measurements.
	None

	Option B-1-2)
	· There can be interruption on reference signals (e.g. SSB, CSI-RS, CRS etc) used for L3 measurement performed without gaps on another carrier (e.g. SCC etc). Any interruption may degrade the L3 measurement performance. However, the UE should be able to avoid interruption on RSs used for L3 measurements.
	Low

	Option B-1-3)
	· No impact on any layer-3 measurements.
	None

	Option B-1-4)
	· There can be interruption on reference signals (e.g. SSB, CSI-RS, CRS etc) used for L3 measurement performed without gaps on another carrier (e.g. SCC etc). Any interruption may degrade the L3 measurement performance. However, the UE should be able to avoid interruption on RSs used for L3 measurements.
	Low

	Option B-2-1)
	· Gap sharing between RLM/BFD/BM and L3 measurements will lead to longer L3 measurement delays e.g. intra-frequency, inter-frequency, inter-RAT cell search/measurement periods etc.
	Medium

	Option B-2-2)
	· Collision between gaps for RLM/BFD/BM and gaps for L3 measurements will lead to longer L3 measurement delays e.g. intra-frequency, inter-frequency, inter-RAT cell search/measurement period etc.
	Low

	Option C)
	· No impact on any layer-3 measurements.
	None



Throughput impact
The throughput degradation or data loss is mainly due to interruption caused by RF retuning or the use of measurement gaps. The impact of different options on the user throughput is analzed below:

	Options
	Throughput impact (Data interruption)

	
	Technical analysis
	Impact (Throughput loss)

	Option A)
	· No impact on throughput since CD-SSB or NCD-SSB is within the UE’s active BWP. Therefor no RF retuning is needed for CSI-RS based RLM/BFD/BM measurements.
	None

	Option B-1-1)
	· No impact on throughput since the RLM/BFD/BM measurements will not cause any interruption.
	None

	Option B-1-2)
	· RLM/BFD/BM measurement will cause interruptions due to RF retuning.
· Interruptions will lead to throughput loss.
	Medum

	Option B-1-3)
	· No impact on throughput since the RLM/BFD/BM measurement will not cause any interruption.
	None

	Option B-1-4)
	· RLM/BFD/BM measurement will cause interruptions due to RF retuning.
· Interruptions will lead to throughput loss.
	Medum

	Option B-2-1)
	· RLM/BFD/BM measurement are performed consistently. Sharing gaps between RLM/BFD/BM measurement and L3 measurements means the gaps will be used for longer period of time. 
· UE cannot be scheduled within gap.
· Even in case of NCSG gap, there is interruption during VIL1/VIL2.
	Medium

	Option B-2-2)
	· RLM/BFD/BM measurement are performed consistently. Dedicated gaps for RLM/BFD/BM measurements means the gaps will always be used. 
· UE cannot be scheduled within gap.
· Even in case of NCSG gap, there is interruption during VIL1/VIL2.
	High

	Option C)
	· No impact on throughput since CD-SSB or NCD-SSB is within the UE’s active BWP.
	None



UE power consumption / UE complexity
The UE power consumption proportionally increases with the increase in the UE receiver activity in time domain and/or in frequency domain. The UE complexity is also impacted if the UE needs to retune its RF front end or the UE may have to adapt its measurement sampling by sharing the gaps. The impact of different options on the UE power consumption is analyzed below:

	Options
	UE power consumption / UE complexity

	
	Technical analysis
	Impact
(Increase power/complexity)

	Option A)
	· UE does not need to extend its RF BW since CSI-RS based RLM/BFD/BM is performed within its active BWP.
	Low

	Option B-1-1)
	· UE extends its RF BW to cover the SSB in order to perform RLM/BFD/BM measurements. The extension depends on the location of the SSB wrt the active BWP in the frequency domain. However, since UE RF is always ON therefore extending it to cover the SSB may not dramatically increase the UE power consumption. 
· The actual power consumption and complexity depend on particular scenario.
	Low to Medium

	Option B-1-2)
	· UE extends its RF BW to cover the SSB in order to obtain samples for RLM/BFD/BM measurements and revert to the smaller BW e.g. to active BWP. Therefore, statistically power consumption is lower compared to that in Option B-1-1. 
· RF tuning involves complexity compared to Option B-1-1.  
· The actual power consumption and complexity depend on particular scenario.
	Low to Medium

	Option B-1-3)
	· Using a dedicated/separate RF chain and not requiring any interruption means that this separate RF chain needs to be active all the time in addition to the RF chain containing the active BWP. 
· Maintaining separate RF chain involves complexity compared to Options B-1-1 and B-1-2. 
· The actual power consumption and complexity depend on particular scenario.
	Medium to High

	Option B-1-4)
	· Using a dedicated/separate RF chain and allowing interruption means that this separate RF chain needs to be active only when sampling for RLM/BFD/BM measurements. 
· Maintaining separate RF chain and turning it ON and OFF involve more complexity compared to Options B-1-1, B-1-2 and B-1-3. 
· The actual power consumption and complexity depend on particular scenario.
	Medium to High

	Option B-2-1)
	· The gap sharing leads to extension of the measurement periods of RLM/BFD/BM measurements and measurement periods of L3 measurements compared to their respective existing measurement periods. This in turn also increases power consumption. 
· UE complexity increases due to the gap sharing since the UE has to adjusts its sampling, AGC due to longer separation between samples etc. 
· The actual power consumption and complexity depend on particular scenario.
	Low to Medium

	Option B-2-2)
	· The dedicated gaps for RLM/BFD/BM measurements will require gap sharing between different L1 measurements. This in turn will extend the RLM/BFD/BM measurement periods compared to their respective existing measurement periods. This increases the power consumption but less compared to that in Option B-2-1. 
· UE complexity increases substamtially due to the use of concurrent gap pattens: one for  RLM/BFD/BM measurements and another one for L3 measurements. 
· The actual power consumption and complexity depend on particular scenario.
	Medium to High

	Option C)
	· Since the RLM/BFD/BM measurements will be done within the active BWP so power consumption should be similar to that caused by the existing SSB based RLM/BFD/BM measurements. 
· There is higher complexity involved in handling the two SSBs: CD-SSB and NCD-SSB. 
	Low



Summary
In this paper analyze and compare different options related to the UE performing RLM/BFD/BM measurements on CD-SSB outside the active BWP based on the 4 metrics agreed in the last meeting. The following are the observations and proposals:
· Observation #1: Different options RLM/BFD/BM measurements have their own merits and limitations
· Observation #2: SSB based RLM/BFD/BM measurements are most fundamental L1 measurements.
· Observation #3: Performing SSB based RLM/BFD/BM measurements only when SSB is within the active BWP is major limitation/constrain on the network.
· Proposal #1: A suitable mechanism for defining SSB based RLM/BFD/BM measurements outside the active BWP is needed.
· Observation #4: SSB based RLM/BFD/BM measurements outside the active BWP has two broad options:
· B-1: SSB based RLM/BFD/BM measurements using larger BW or separate RF chain and
· B-2: SSB based RLM/BFD/BM measurements using shared or dedicated gaps.
· Observation #5: In terms of both specification impact and impact on the network (e.g. throughput loss, mobility) SSB based RLM/BFD/BM measurements using larger BW without interruption has least impact.  
· Observation #6: Both Options B-1 and B-2 have varying level of impact on the UE power consumption.  
· Proposal #2: We therefore prefer SSB based RLM/BFD/BM measurements using larger BW without interruption (i.e. Option B-1-1).
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Annex
Definition of Options for BM/RLM/BFD on SSB outside active BWP as outlined in [1].
· 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

