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Introduction
RAN4 is tasked by RAN to conduct high level analysis for options to support GF 6-1a. In RAN4#104-bis-e, framework for the analysis including the aspects/criteria to analyze, clarification of different options as well as the expected inputs for report to RAN, are agreed in [1]. 
In this paper we will provide our inputs for the high level analysis for options to support FG 6-1a.
Discussion
Background
Based on RAN#97 decision, RAN4 is tasked to conduct high level analysis for options to support FG 6-1a and report to RAN#98. During last meeting the options for FG 6-1 are further split as below.
	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


RAN4 agreed to analyze difference options based on the following aspects/criteria.
	· 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


RAN4 also agreed to provide the analysis to RAN based on the following framework.
	Agreement: 
· Framework wise option 3 is agreed to be used for Issue 1-1-3-1, Issue 1-1-3-2, Issue 1-1-3-3, Issue 1-1-3-4 as baseline to develop high-level analysis for options for BWP operation without restrictions in Rel-18 for the report to RAN plenary.
· Note: How the high-level analysis is structured/formulated in the reply LS can be further discussed.
· The contents in the current table in option 3 are for information; and further technical input is expected in the next meeting from companies


In the next, we will provide out inputs for different options based on the agreed aspects/criteria.
High level analysis
Spec impact/workload
For option A, the requirements for CSI-RS based RLM/BFD/BM are already specified, so nothing needs to be done for RLM/BFD/BM. In last meeting, some companies raised up the issue on timing requirements, and we think it is valid. The existing timing requirements apply based on the condition that SSB is available at least every 160ms. With option A, there are two ways for UE to meet the timing requirements: 1) using TRS within active BWP and 2) using SSB outside active BWP via MG. 2) is used in Rel-17 requirements for RedCap. We think both options can work, and no matter which option is adopted, the spec impact would be minor as RAN4 only needs to clarify the applicability condition to apply the existing timing requirements. 
For option B-1-1, since UE is assumed to work with large RF BW covering the SSB, RLM/BFD/BM can be done as if SSB is within active BWP, so the existing requirements for SSB based RLM/BFD/BM can be re-used. The only issue is that existing requirements apply based on the condition that SSB is within active BWP, and RAN4 needs to update the applicability condition to remove this restriction. For L3 measurement, the intra-frequency can be measured without MG which is different from existing requirements and should be clarified. We think the overall spec impacts are minor. In last meeting, some companies raised the question about UE capability for option B-1-1, e.g. whether B-1-1 can apply for all possible frequency separation between active BWP and SSB because in worst case the total RF BW may equal to CBW. Although it is too early to discuss UE capability for any option, we think this is one specific impacts of this option. 
For option B-1-2, interruption requirements would need to be defined. There could be two options: 1) define interruption location and 2) define interruption ratio. Depending on whether interruption is allowed for each SSB occasion for RLM/BFD/BM, the existing RLM/BFD/BM requirements may not may not be re-used. The measurement requirements and interruption requirements should be defined as a package. For L3 measurement, similar as B-1-1, it needs to be clarified that the intra-frequency can be measured without MG. We think the overall spec impacts would be medium.
For option B-1-3, we assume the spec impact would be same as B-1-1. Whether UE uses large RF BW or spare RF chain should be transparent in the spec, and it should be up to UE how to perform RLM/BFD/BM measurement as long as it can meet the requirements. 
For option B-1-4, we assume the spec impact would be same as B-1-2 for the same reason above.
For option B-2-1, new requirements would be needed for RLM/BFD/BM with MG/NCSG. RLM/BFD/BM will be measured based on MG/NCSG period instead of SSB period, and when MG is used for L3 measurement, CSSF may also apply for RLM/BFD/BM measurement. As to L3 measurement with MG, there would no impact to FR1 requirements because L1 and L3 for the same carrier can be done at the same time, while for FR2 the L3 measurement may be impacted due to sharing between L3 and L1. We assume the spec impact would be medium. 
For option B-2-2, new requirements would be needed for RLM/BFD/BM with MG/NCSG. RLM/BFD/BM will be measured based on MG/NCSG period instead of SSB period, but with dedicated MG/NCSG, CSSF would not apply to RLM/BFD/BM, and there would be no impact to the L3 measurement either outside MG or with MG. The impact to the existing MG/NCSG for L3 measurement may need to be clarified, e.g. whether the L3 MG/NCSG and L1 MG/NCSG are considered as con-MG or not. We assume the spec impact would be medium.
For option C, since the NCD-SSB is within active BWP and there is no difference from L1 measurement perspective, the existing RLM/BFD/BM requirements can be re-used, and RAN4 just needs to clarify that they can apply for both CD- and NCD-SSB. In addition, clarification on the intra- and inter-frequency definition for L3 measurement is also needed as in RedCap. We assume the spec impacts would be minor based on existing requirements for RedCap. 
Table 1: Analysis of Spec impact/workload of options
	Options
	RRM requirements impact/workload in RAN4

	
	Technical analysis
	Summary

	Option A)
	· Requirements for CSI-RS based RLM/BFD/BM are already specified.
· Applicability of timing requirements needs to be clarified.
	Minor

	Option B-1-1)
	· Existing requirements for SSB based RLM/BFD/BM can be re-used, clarify the requirement applicability.
· Clarify intra-frequency L3 measurement to be performed without MG.
· UE capability may need some discussion.
	Minor

	Option B-1-2)
	· Define requirements for SSB based RLM/BFD/BM together with the interruption requirements.
· Clarify intra-frequency L3 measurement to be performed without MG.
	Medium

	Option B-1-3)
	· Same as option B-1-1
	Minor

	Option B-1-4)
	· Same as option B-1-2 
	Medium

	Option B-2-1)
	· Define requirements for SSB based RLM/BFD/BM with shared MG/NCSG.
· Requirements for FR2 L3 measurement with MG need to be updated.
	Medium

	Option B-2-2)
	· New requirements need to be developed for SSB based RLM/BFD/BM with dedicated MG/NCSG.
· Impacts to L3 measurement with MG need to be clarified.
	Medium

	Option C)
	· Existing requirements for SSB based RLM/BFD/BM can be re-used, and clarification on the requirement applicability is needed.
· Clarification on intra- and inter-frequency for L3 measurement is needed same as RedCap.
	Minor


Mobility performance impacts
For mobility performance impacts, our analysis is mainly focused on the latency of L1 and L3 measurement, and we use Rel-17 as baseline for comparison.
For option A, as it is already in the Rel-17 spec, there is no impact on mobility performance compared to Rel-17. Specifically, the L1 measurement will be based on CSI-RS resources within the active BWP, and the intra-frequency L3 measurement will be based on SSB outside active BWP which is based on MG. 
For option B-1-1, L1 measurement will be based on SSB outside active BWP, and as UE keeps large RF BW to cover SSB BW, UE can access SSB BW at any time when needed. The L1 measurement latency will be same as Rel-17 as if the SSB is within active BWP. The intra-frequency L3 measurement can be also done without MG. This would help the throughput, but whether this would reduce the latency of L3 measurement depends on the configuration, i.e. number of MOs to be measured outside and within MG and the SMTC of each MO, and it can be better or worse compared to Rel-17 but overall the difference would be small. 
For option B-1-2, L1 measurement will be based on SSB outside active BWP, and depending on whether UE is allowed interruption for RF re-tuning around each measurement occasion, the L1 measurement latency may be same or worse than Rel-17. Similar as B-1-1, the intra-frequency L3 measurement can be also done without MG and same as B-1-1, it can cause L3 performance better or worse compared to Rel-17 depending on the scenario. Overall, we think the mobility performance would be same or slightly worse than Rel-17.
For option B-1-3 and B-1-4, we think they should be same as B-1-1 and B-1-2.
For option B-2-1, L1 measurement will be performed with MG/NCSG configured for L3 measurements. When NCSG is used, L1 measurement latency would be same or worse than Rel-17 depending on the VIRP, and the assumption is that UE can perform L1 measurement on the serving cell at the same time as inter-frequency L3 measurements with NCSG. When MG is used, such assumption does not hold, so the L1 measurement latency would be scaled by CSSF. As to L3 measurement, for FR1 measurement, the latency is not changed; for FR2 measurement, sharing between L1 and L3 measurements may cause latency increase. Overall, we think the mobility performance is worse than Rel-17.
For option B-2-2, L1 measurement will be performed with MG/NCSG dedicated for L1 measurements. The periodicity of the dedicated MG/NCSG is controlled by NW, and depending the NW configuration, the L1 measurement latency can be same or worse than Rel-17. For L3 measurement, intra-frequency can be measured also with the dedicated MG/NCSG, and same as B-1-1, it can cause L3 performance better or worse compared to Rel-17 depending on the scenario. Overall, we think the mobility performance is same or slightly worse than Rel-17.
For option C, L1 measurement is performed based on NCD-SSB within the active BWP, and the L1 measurement latency will be same as Rel-17. Intra-frequency L3 measurement is also performed based on NCD-SSB thus without MG. In last meeting, some companies mentioned that NCD-SSB may not be transmitted by all cells and UE may still need to measure CD-SSB for mobility. We agree with this observation, but in this case, L3 measurement is same as in Rel-17 (MG based), and there are also cases where all neighbor cells are transmitting NCD-SSB and L3 can be performed without MG. For the latter case, same as B-1-1, it can cause L3 performance better or worse compared to Rel-17 depending on the scenario. Overall, we think the mobility performance can be slightly better or worse compared to Rel-17.
Besides the measurement latency, the accuracy or the relevance of the measurement may also need to be considered. With option A and option C, the RS for L1 measurement is within the active BWP, so they can best reflect the channel status of the active BWP which is more relevant than the other options which use RS outside active BWP for L1 measurement. 
Table 2: Analysis of mobility performance impacts of options
	Options
	Mobility performance impact

	
	Technical analysis
	Summary

	Option A)
	· Same as Rel-17
	Same as Rel-17

	Option B-1-1)
	· L1 measurement same as in Rel-17.
· Intra-frequency L3 measurement can be performed without MG.
	Maybe slightly better or slightly worse than Rel-17

	Option B-1-2)
	· L1 measurement may be same or worse than Rel-17 depending on interruption requirements.
· Intra-frequency L3 measurement can be performed without MG.
	Same or slightly worse than Rel-17

	Option B-1-3)
	· Same as option B-1-1
	Maybe slightly better or slightly worse than Rel-17

	Option B-1-4)
	· Same as option B-1-2 
	Same or slightly worse than Rel-17

	Option B-2-1)
	· L1 measurement is same or worse than Rel-17 with NCSG, and worse than Rel-17 with MG
· FR1 L3 measurement is same as Rel-17, FR2 L3 measurement is worse than Rel-17.
	Worse than Rel-17

	Option B-2-2)
	· L1 measurement may be same or worse than Rel-17 depending on NW configuration.
· Intra-frequency L3 measurement can be performed with dedicated MG/NCSG
	Same or slightly worse than Rel-17

	Option C)
	· L1 measurement same as in Rel-17.
· Intra-frequency L3 measurement can be performed without MG
	Maybe slightly better or slightly worse than Rel-17


Throughput impacts
For throughput impacts, our analysis is mainly focused on whether there is additional interruption or MG/NCSG due to RLM/BFD/BM. In last meeting, some companies suggest that RS overhead of option A (CSI-RS) and C (NCD-SSB) should be also considered as throughput impacts. We have a different view.
· The RS overhead was discussed in last meeting as a separate aspect/criterion, but it was not agreed to be included for the analysis. 
· The fundamental motivation to use FG 6-1a or to switch a UE to a BWP without SSB is to enable UE power saving instead of RS overhead reduction. 
· The RS may not be dedicated for RLM/BFD/BM. For example, some CSI-RS resources for CSI acquisition may be also used for RLM or BFD. The NCD-SSB is transmitted to enable RedCap UE to work efficiently, and can be re-used by eMBB UE. 
With above consideration, it would be straightforward to analyse which options have throughput impacts.  
· Option A, B-1-1/B-1-3, B-2-1 and C do not cause additional interruption nor require additional MG/NCSG for L1 measurement. 
· Option B-1-2/B-1-4 would either cause additional interruption for L1 measurement, and impacts would be minor or medium depending on the interruption requirements. 
· Option B-2-2 requires additional MG/NCSG for L1 measurement, and in our view, dedicated NCSG would be sufficient because UE should be able to work with RF BW as CBW BW, so only the RF re-tuning time is needed before and after the measurement but not during the measurement. The impacts would minor or medium depending on the periodicity of the dedicated NCSG configured by NW.
Table 3: Analysis of throughput impacts of options
	Options
	Throughput impact (Data interruption)

	
	Technical analysis
	Summary

	Option A)
	· No additional interruption for L1/L3 measurement compared to Rel-17
	None

	Option B-1-1)
	· No additional interruption for L1/L3 measurement compared to Rel-17
	None

	Option B-1-2)
	· Additional interruption for L1 measurement, impacts are depending on interruption requirements 
	Minor or medium

	Option B-1-3)
	· Same as option B-1-1
	None

	Option B-1-4)
	· Same as option B-1-2 
	Minor or medium

	Option B-2-1)
	· No additional interruption for L1/L3 measurement compared to Rel-17
	None

	Option B-2-2)
	· Additional interruption for L1 measurement, impacts are depending on NW configuration for the dedicated MG/NCSG
	Minor or medium

	Option C)
	· No additional interruption for L1/L3 measurement compared to Rel-17
	None


Power consumption/complexity
For UE power consumption, our view is that UE RF BW is the most important consideration factor.
In last meeting, some companies raised the point that in Rel-18 RedCap WI it is agreed to support 20MHz RF BW and 5MHz BW for PDSCH/PUSCH, so the power consumption is more linked to the baseband BW. We have a bit different view. As clearly captured in the WID [2], support of such combination in Rel-18 RedCap is motivated by “Complexity/cost reduction” but not for “Power saving/energy efficiency enhancements”. 
In last meeting, there were some discussions related to NW scheduling pattern, use of DRX, load of RedCap UE, UE measurement scheduling, etc. While we agree that these factors may impact the power consumption, they are quite complex to account in the analysis. For example, RedCap UE may have a large number but by its nature each of them should have low data activity. DRX may be configured, but it depends on the traffic pattern of the UE and may not help power saving when L1 measurement would be performed frequently (UE would be in non-DRX). We therefore suggest to focus on the most direct factor for power consumption, i.e. UE RF BW. 
With above consideration, it would be straightforward to analyse the implication on power consumption and complexity of options.  
· Option A, B-1-2/B-1-4, B-2-1, B-2-2 and C allow UE to use BWP BW when not performing L1 measurement, so the additional power consumption for L1 measurement would be minor.
· Option B-1-1/B-1-3 would require UE to keep using large RF BW or activate the spare RF chain even when not performing L1 measurement. Of course, UE may do some implementation optimization to save power, e.g. use DRX off or interval between PDCCH monitoring occasions to do RF re-tuning. However, to avoid interruption due to RF re-tuning, such optimization would on one hand depend on the NW configuration and may not be always possible, and on the other hand will increase UE complexity. We think the overall power consumption and complexity of this option is medium to high.
Table 4: Analysis of power consumption/complexity impacts of options
	Options
	UE power consumption / UE complexity

	
	Technical analysis
	Summary

	Option A)
	· UE RF BW is same as BWP BW
	Minor 

	Option B-1-1)
	· UE RF BW needs to cover SSB BW and maybe up to CBW BW
	Medium to High

	Option B-1-2)
	· UE RF BW is same as BWP BW
	Minor 

	Option B-1-3)
	· Same as option B-1-1
	Medium to High

	Option B-1-4)
	· Same as option B-1-2 
	Minor 

	Option B-2-1)
	· UE RF BW is same as BWP BW
	Minor 

	Option B-2-2)
	· UE RF BW is same as BWP BW
	Minor 

	Option C)
	· UE RF BW is same as BWP BW
	Minor 


Suggestion 
We suggest RAN4 to take our analysis above in Table 1 to Table 4 into account. 
Proposal 1: RAN4 to take Table 1 to Table 4 into account for the high level analysis.
In our view, UE power consumption is the most important aspect to consider when comparing different options because the main motivation to have a BWP without SSB is to enable UE power saving. Otherwise, we do not see clear reason why NW would configure UE in such a BWP. If throughput impact or RS overhead is prioritized, it would be more flexible and efficient for NW to have all UEs staying on a BWP equal to CBW, and load balancing can be achieved via NW scheduling.
Considering other aspects, we think the most efficient way to support FG 6-1a is option C. In last meeting, some companies raised the concern that NCD-SSB may not be always available, so it is meaningful to consider another option based on CD-SSB. We think option B-2-2 is the most efficient and flexible option assuming only dedicated NCSG is needed. Alternatively, interruption-based options B-1-2/B-1-4 can be also considered. 
It is noted that we understand the discussion is for Rel-18, i.e. to determine which options among option B-1, option B-2 and option C are to be supported in Rel-18, so we do not consider option A because based on RAN#97-e conclusion, option A is already supported in Rel-17 spec.
Proposal 2: Recommend RAN to consider option C as first priority, and option B-2-2 (NCSG only), and option B-1-2/B-1-4 as second priority for Rel-18.
Conclusions
In this paper we provided our inputs for the high level analysis for options to support FG 6-1a.
Proposal 1: RAN4 to take Table 1 to Table 4 into account for the high level analysis.
Table 1: Analysis of Spec impact/workload of options
	Options
	RRM requirements impact/workload in RAN4

	
	Technical analysis
	Summary

	Option A)
	· Requirements for CSI-RS based RLM/BFD/BM are already specified.
· Applicability of timing requirements needs to be clarified.
	Minor

	Option B-1-1)
	· Existing requirements for SSB based RLM/BFD/BM can be re-used, clarify the requirement applicability.
· Clarify intra-frequency L3 measurement to be performed without MG.
· UE capability may need some discussion.
	Minor

	Option B-1-2)
	· Define requirements for SSB based RLM/BFD/BM together with the interruption requirements.
· Clarify intra-frequency L3 measurement to be performed without MG.
	Medium

	Option B-1-3)
	· Same as option B-1-1
	Minor

	Option B-1-4)
	· Same as option B-1-2 
	Medium

	Option B-2-1)
	· Define requirements for SSB based RLM/BFD/BM with shared MG/NCSG.
· Requirements for FR2 L3 measurement with MG need to be updated.
	Medium

	Option B-2-2)
	· New requirements need to be developed for SSB based RLM/BFD/BM with dedicated MG/NCSG.
· Impacts to L3 measurement with MG need to be clarified.
	Medium

	Option C)
	· Existing requirements for SSB based RLM/BFD/BM can be re-used, and clarification on the requirement applicability is needed.
· Clarification on intra- and inter-frequency for L3 measurement is needed same as RedCap.
	Minor


Table 2: Analysis of mobility performance impacts of options
	Options
	Mobility performance impact

	
	Technical analysis
	Summary

	Option A)
	· Same as Rel-17
	Same as Rel-17

	Option B-1-1)
	· L1 measurement same as in Rel-17.
· Intra-frequency L3 measurement can be performed without MG.
	Maybe slightly better or slightly worse than Rel-17

	Option B-1-2)
	· L1 measurement may be same or worse than Rel-17 depending on interruption requirements.
· Intra-frequency L3 measurement can be performed without MG.
	Same or slightly worse than Rel-17

	Option B-1-3)
	· Same as option B-1-1
	Maybe slightly better or slightly worse than Rel-17

	Option B-1-4)
	· Same as option B-1-2 
	Same or slightly worse than Rel-17

	Option B-2-1)
	· L1 measurement is same or worse than Rel-17 with NCSG, and worse than Rel-17 with MG
· FR1 L3 measurement is same as Rel-17, FR2 L3 measurement is worse than Rel-17.
	Worse than Rel-17

	Option B-2-2)
	· L1 measurement may be same or worse than Rel-17 depending on NW configuration.
· Intra-frequency L3 measurement can be performed with dedicated MG/NCSG
	Same or slightly worse than Rel-17

	Option C)
	· L1 measurement same as in Rel-17.
· Intra-frequency L3 measurement can be performed without MG
	Maybe slightly better or slightly worse than Rel-17


Table 3: Analysis of throughput impacts of options
	Options
	Throughput impact (Data interruption)

	
	Technical analysis
	Summary

	Option A)
	· No additional interruption for L1/L3 measurement compared to Rel-17
	None

	Option B-1-1)
	· No additional interruption for L1/L3 measurement compared to Rel-17
	None

	Option B-1-2)
	· Additional interruption for L1 measurement, impacts are depending on interruption requirements 
	Minor or medium

	Option B-1-3)
	· Same as option B-1-1
	None

	Option B-1-4)
	· Same as option B-1-2 
	Minor or medium

	Option B-2-1)
	· No additional interruption for L1/L3 measurement compared to Rel-17
	None

	Option B-2-2)
	· Additional interruption for L1 measurement, impacts are depending on NW configuration for the dedicated MG/NCSG
	Minor or medium

	Option C)
	· No additional interruption for L1/L3 measurement compared to Rel-17
	None


Table 4: Analysis of power consumption/complexity impacts of options
	Options
	UE power consumption / UE complexity

	
	Technical analysis
	Summary

	Option A)
	· UE RF BW is same as BWP BW
	Minor 

	Option B-1-1)
	· UE RF BW needs to cover SSB BW and maybe up to CBW BW
	Medium to High

	Option B-1-2)
	· UE RF BW is same as BWP BW
	Minor 

	Option B-1-3)
	· Same as option B-1-1
	Medium to High

	Option B-1-4)
	· Same as option B-1-2 
	Minor 

	Option B-2-1)
	· UE RF BW is same as BWP BW
	Minor 

	Option B-2-2)
	· UE RF BW is same as BWP BW
	Minor 

	Option C)
	· UE RF BW is same as BWP BW
	Minor 


[bookmark: _GoBack]Proposal 2: Recommend RAN to consider option C as first priority, and option B-2-2 (NCSG only), and option B-1-2/B-1-4 as second priority for Rel-18.
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