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Introduction
In the RAN2 LS [1] from RAN2#117-e meeting, RAN1 and RAN4 was asked to answer questions related to BWP operation without bandwidth restriction.
	Question 1:
Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Question 2:
If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.


The related discussions were triggered in the RAN1#109-e meeting and RAN4#103-e meeting, respectively. However, no progress was made during the meetings. 
In the RAN#96 meeting, RAN tasked working groups ((RAN 1, 2, 4) to make progress on discussions related to the RAN 2 LS [1] to ensure supporting FG 6-1a bwp-WithoutRestriction and report progress to RAN#97, as captured in the agreed WF [2]. 
	· To task the relevant Working Groups (RAN 1, 2, 4) to make progress on their discussions related to the RAN 2 LS in R2-2204009, aim to ensure that Feature Group 6-1a “bwp-WithoutRestriction” works in an early implementable form in R18, or, possibly R17, and report progress to RAN #97. 



[bookmark: _Hlk7620913]RAN1 continued discussions on this issue at the RAN1#110 meeting, and achieved following observation and conclusion as captured in the RAN1 LS [3].
	RAN1 observation:
· For a UE supporting RLM/BM/BFR using CSI-RS within active DL BWP, FG6-1a works without issue.

Conclusion:
· To resolve the issue in the scenario described in the RAN2 LS (R2-2204009), RAN1 considers that SSB based RLM/BM/BFR that is outside active DL BWP is feasible and can be a solution
MediaTek, Samsung showed concern on the support of the scenario (active BWP without CSI-RS/SSB) mentioned in the RAN2 LS.



RAN4 also continued discussions at the RAN4#104-e meeting.  Three types of solutions were identified, as highlight below, for UE performing BM/RLM/BFD when there is no CD-SSB in the active DL BWP. The progress was reported in RAN4 LS [4].
	Question 1:
Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Answer:
From the existing RAN4 specification point of view, it is not a valid scenario.
Question 2:
If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.
Answer:
RAN4 has examined the Rel-15, Rel-16 and Rel-17 specs. The following possible solutions for the issue are identified.
· Perform BM/RLM/BFD based on CSI-RS within active BWP 
· RAN4 has requirements to support BM/RLM/BFD based on CSI-RS within active BWP and no spec change is needed
· Following potential independent implementations/features requires either existing RAN4 requirements to be updated or new requirements to be developed.
· Perform BM/RLM/BFD based on SSB outside active BWP
· UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped with a separate RF chain
· 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. 
· NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
· Note: RAN4 does not reach consensus on whether to work on the above items in Rel-17 including to update the existing RAN4 requirements or to develop new requirements



In this contribution, we present our views on how BWP operation without restriction is supported.
Perform BM/RLM/BFD based on CSI-RS within active BWP
[bookmark: _Hlk73468315]According to RAN1 and RAN4 conclusions, it is feasible for a UE supporting FG6-1a to perform RLM/BFD/BM measurement by using CSI-RS within active DL BWP, when there is no SSB within the active DL-BWP. Moreover, RAN4 also informed that RAN4 has requirements to support BM/RLM/BFD based on CSI-RS within active BWP and no spec change is needed. With these conclusions, performing RLM/BFD/BM measurements by using CSI-RS within active DL BWP is supported already from 3GPP specifications perspective. 
For a UE supporting FG 6-1a bwp-WithoutRestriction to support CSI-RS based RLM/BFD/BM, it should also additionally indicate FG 1-7 csi-RS-RLM to support CSI-RS based RLM, and/or indicate FG 2-24 for SSB/CSI-RS for beam measurement and FG2-31 for beam failure recovery.  These UE capabilities have been introduced since Rel-15 and corresponding requirements were also introduced in Rel-15. Therefore, in our view, there would be no further work being needed in 3GPP.
Observation 1: It is already supported by 3GPP specifications for a UE supporting FG 6-1a bwp-WithoutRestriction to perform CSI-RS based RLM/BFD/BM.

Performing BM/RLM/BFD based on SSB outside active BWP
Though CSI-RS based solution is already supported by 3GPP specification, it is not available by NW or UE implementation so far. Therefore, it would be worthy of considering other possible solutions for performing BM/RLM/BFD with SSB outside active BWP if the solution is more implementation friendly. According to solutions identified by RAN4, it can be grouped into gap-based solution and non-gap-based solution.
· Non-gap-based: UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped with a separate RF chain
· Gap based: 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.
3.1 non-gap-based solution
For performing RLM/BFD/BM outside measurement gap based on SSB outside active BWP, two alternatives of implementations were provided by RAN4. 
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	Fig 1: UE using larger BW covering SSB outside active BWP
	Fig 2: UE using separate/vacant RF chain


For UE implementation by using larger BW covering SSB outside active BWP,
· As the SSB is actually located in the UE actual working channel bandwidth, RLM/BFD/CBD/L1-RSRP measurements based on SSB outside active BWP can be performed in the way exactly the same as the case when SSB is within active BWP for FG 6-1. 
· Though existing RRM requirements do not apply for this UE implementation explicitly, it can be enhanced/improved with minimum changes by addition of applicability rules. For example, according to the existing RLM requirements, UE is not required to perform RLM outside the active DL BWP. For UE supports bwp-WithoutRestriction, additional applicability can be specified that UE is required to perform RLM outside the active DL BWP and existing requirements apply. Similar applicability can be added for other measurements, e.g., BFD/BM measurements, too.
· Existing measurement restriction requirements and scheduling restriction requirements can also be enhanced/improved by adding applicability rule for such UE implementation.
· There are also proposals to allow UE switching between larger BW for RLM/BFD/BM measurements and small BW for data reception and other operations for the purpose of power saving. For this UE implementation, additional interruption requirements should be introduced.

For UE implementation by using vacant/separate RF chain,
· It is not expected that UE is equipped with dedicated separate RF on all the bands supported by UE for performing RLM/BFD/BM measurements based on SSB outside active BWP. Indeed, similar procedures as for NeedForGapsInfoNR and/or NeedForGapNCSG-InfoNR should be baseline, i.e., UE should report whether measurement gaps are needed (implying whether vacant/separate RF chain is available) for the concerned serving cell or target/supported NR band after RRCReconfiguation. With this baseline, there could be cases that no vacant/separate RF chain is available for some of the serving cell or NR band based on current RRCReconfiguation. Thus, UE may still need to rely on large BW to cover these cases where vacant/separate RF chain is not available.
· There may be interruptions due to tuning on/off of the redundant RF chain. However, it is up to RAN4 discussion whether and how the relevant requirements are specified. 
· Existing measurement restriction requirements and scheduling restriction requirements can also be applicable for this UE implementation.
Observation 2: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform RLM/BFD/BM based on SSB outside active BWP by using vacant/separate RF chain, it may still need to rely on large BW to cover those cases where vacant/separate RF chain is not available. 

3.2 Gap-based solution
For performing RLM/BFD/BM with measurement gap based on SSB outside active BWP, two alternatives of implementations were provided by RAN4, i.e., shared MG or NCSG for L3 measurement and dedicated MG or NCSG for RLM/BFD/BM measurements.
For shared MG or NCSG for L3 measurement,
· A single measurement gap or NCSG is configured. Both L3 measurement and RLM/BFD/BM measurement are competing the measurement gaps.
· How the measurement gaps are shared between L1 measurements (RLM/BFD/BM) and L3 measurements, maybe including positioning measurements etc., should be studied in RAN4. 
· The existing requirements framework for L1 measurements and L3 measurements, where L1 measurements are performed outside measurement gap, need to be updated. New requirements should be developed for the gap sharing mechanism.
· If concurrent measurement gaps for L3 measurements are also considered, it will be getting further complicated.
For dedicated MG or NCSG for RLM/BFD/BM measurements,
· At least two measurement gaps should be configured for UE to perform L1 measurements and L3 measurements. 
· New requirements should be developed for L1 measurements with dedicated measurement gaps. Gap collision handling as for concurrent measurement gaps would also need to be specified.
Observation 3: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform RLM/BFD/BM based on SSB outside active BWP with measurement gaps, new requirements should be developed. 


Performing BM/RLM/BFD based on NCD-SSB within active DL BWP not containing CD-SSB
RAN4 also identified that UE can perform RLM/BFD/BM based on NCD-SSB when there is no CD-SSB within active BWP.
· 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 RAN1#107bis-e meeting, NCD-SSB was agreed to be supported for RedCap UEs. During the feature discussion on RedCap, RAN1 and RAN2 had some discussion on whether NCD-SSB could be applied for non-RedCap UEs. The latest situation in RAN2 is that a decision on whether to extend NCD-SSB for non-RedCap UEs from RAN plenary is needed, e.g., either as a late correction for the RedCap WI or as TEI-17. 
One of the main reasons that RAN2 cannot agree to extend NCD-SSB to non-RedCap UEs is the impacts to other WGs, e.g., RAN4 and RAN1. From functional procedure point of view, all mechanisms and UE behaviours for RedCap UEs could be reused for non-RedCap UEs as optional features. However, it does not mean RAN4 should define additional performance requirement of NCD-SSB specific to non-RedCap UEs. 
RAN4 RRM requirements for RedCap UE are specified for 2Rx UEs. The requirements for NCD-SSB and CD-SSB are basically the same. Thus, existing requirements for non-RedCap UEs can also be extended to NCD-SSB by introducing applicability in a similar way. Minimum specification work is expected.
In RAN1, there would be some clarification in the specification on how to handle rate matching around NCD-SSB, or collision between NCD-SSB and UL transmissions (e.g., for half-duplex UEs), however, these clarifications are common to both RedCap and non-RedCap UEs. 
Thus, our understanding is that there is little impact in RAN1/RAN2/RAN4 to support NCD-SSB for non-RedCap UEs. 
From network perspective, as network anyway needs to provide NCD-SSB as long as it is configured for one connected RedCap UE in this cell, there is no additional overhead for non-RedCap UEs to use NCD-SSB. Besides, it is up to network control whether to configure NCD-SSB for non-RedCap UEs, which gives network more flexibility and the function of NCD-SSB can be fully used.

If NCD-SSB is supported for non-RedCap UE, the RLM/BFD/BM measurements can be performed based on NCD-SSB within active BWP if it does not contain CD-SSB. It would be not necessary to consider FG6-1a anymore in practical network.
Observation 4: Supporting NCD-SSB for non-RedCap UE is feasible and beneficial. 
Observation 5: NCD-SSB can be used for performing RLM/BFD/BM measurements when CD-SSB is outside active BWP. 

Summary
Based on aforementioned discussions, analysis on RRM requirements impact, complexity/power assumption, workload is summarized in table 1.
Observation 6: Summary of solutions for UE performing RLM/BFD/BM based on SSB is provided in Table 1. 
Table 1. Summary of solutions for UE performing RLM/BFD/BM based on SSB
	Non-gap-based solution

	
	UE using larger BW without switching
	UE using larger BW with switching
	UE using vacant/separate RF chain

	RRM requirements
impact
	Applicability of existing requirements for RLM/BFD/BM measurement, measurement restrictions, scheduling restrictions need to be specified 

	Applicability of existing requirements for RLM/BFD/BM measurement, measurement restrictions, scheduling restrictions need to be specified 
Interruption requirements need to be developed additionally
	Applicability of existing requirements for RLM/BFD/BM measurement, measurement restrictions, scheduling restrictions need to be specified 
FFS whether interruption requirements need to be developed or not additionally
May need to fallback to larger BW when there is no vacant/separate RF available

	Power consumption
	High
	Medium
	Medium or High
Depending on how requirements are specified.

	UE complexity
	Low
	Medium
	Medium

	Workload estimation
	Low
	Medium
	Medium

	Gap-based solution

	
	Shared MG or NCSG for L3 measurement
	Dedicated MG or NCSG for RLM/BFD/BM measurements

	RRM requirements
impact
	New requirements should be developed for the gap sharing mechanism.
	New requirements should be developed for L1 measurements with dedicated measurement gaps.
Gap collision handling as for concurrent measurement gaps would also need to be specified.

	Power consumption
	Low (compared to non-gap-based solution)
	Low (compared to non-gap-based solution)

	UE complexity
	Medium
	Medium

	Workload estimation
	High
	High

	NCD-SSB based solution

	RRM requirements
impact
	Applicability of all existing requirements based on CD-SSB for non-RedCap UE to NCD-SSB if NCD-SSB

	Power consumption
	Low (compared to non-gap-based solution)

	UE complexity
	Low

	Workload estimation
	Medium



Based on analysis in the contribution, we think RAN plenary needs to decide firstly whether to develop solutions in addition to CSI-RS based solution for performing RLM/BFD/BM when there is no CD-SSB available within active BWP, which is already supported by 3GPP specifications. 
If it is agreeable that additional solutions can be introduced so that industry has more choices, RAN plenary should further decide what solution(s) should be supported.
Proposal 1: RAN plenary to decide whether to introduce solutions in addition to CSI-RS based solution for performing RLM/BFD/BM when there is no CD-SSB available within active BWP.
Proposal 2: RAN plenary to further decide what solution(s) are to be supported and from which release(es), if additional solution(s) are to be introduced, including
· Supporting of RLM/BFD/BM measurement based on CD-SSB outside UE active DL BWP WITHOUT measurement gap
· Supporting of RLM/BFD/BM measurement based on CD-SSB outside UE active DL BWP WITH measurement gap
· Supporting of RLM/BFD/BM measurements based on NCD-SSB within UE active DL BWP which does not contain CD-SSB

Conclusion
In this contribution, we presented our views on how BWP operation without restriction is supported. Following proposals and observations are presented.
Proposal 1: RAN plenary to decide whether to introduce solutions in addition to CSI-RS based solution for performing RLM/BFD/BM when there is no CD-SSB available within active BWP.
Proposal 2: RAN plenary to further decide what solution(s) are to be supported and from which release(es), if additional solution(s) are to be introduced, including
· Supporting of RLM/BFD/BM measurement based on CD-SSB outside UE active DL BWP WITHOUT measurement gap
· Supporting of RLM/BFD/BM measurement based on CD-SSB outside UE active DL BWP WITH measurement gap
· Supporting of RLM/BFD/BM measurements based on NCD-SSB within UE active DL BWP which does not contain CD-SSB
Observation 1: It is already supported by 3GPP specifications for a UE supporting FG 6-1a bwp-WithoutRestriction to perform CSI-RS based RLM/BFD/BM.
Observation 2: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform RLM/BFD/BM based on SSB outside active BWP by using vacant/separate RF chain, it may still need to rely on large BW to cover those cases where vacant/separate RF chain is not available. 
Observation 3: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform RLM/BFD/BM based on SSB outside active BWP with measurement gaps, new requirements should be developed. 
Observation 4: Supporting NCD-SSB for non-RedCap UE is feasible and beneficial. 
Observation 5: NCD-SSB can be used for performing RLM/BFD/BM measurements when CD-SSB is outside active BWP. 
Observation 6: Summary of solutions for UE performing RLM/BFD/BM based on SSB is provided in Table 1 in the summary section. 
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