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1. Introduction
In the previous RP meeting the following WF was endorsed based on RP-221870:
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.
The RAN LS mentioned by this WF, i.e., R2-2204009 mainly raised the issue to RAN1 and RAN4 regarding the scenario 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, and how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB [1]. Some further discussions in RAN1 and RAN4 have been reported in the LSs in [2] and [3].
In this contribution, we discuss BWP operation without bandwidth restriction and provide our proposal on the issue. 
2. Discussions
On the scenario
The RAN2 LS [1] asked the following question 
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.
Based on the feedback in [2] and [3], the above scenario is considered as not valid. 
Then the main issue is about the case when network configure a DL BWP which does not contain SSB associated to the initial DL BWP, i.e. CD-SSB, while UE not supporting CSI-RS based BM/RLM/BFD. 
In the following we look into the possible solutions to solve the above issue. 

Potential solutions
First of all, it should be straightforward to see the issue could be avoided by always configuring UE’s active BWP so that it contains CD-SSB. We call it Solution 0 in the remaining of this paper. 
Solution 0: Network configuration ensures that active BWP always contains CD-SSB if CSI-RS is not available in the BWP, or CSI-RS based RLM/BM/BFR is not supported by the UE.
As shown in Appendix A, RAN1 in their LS provides the following solution which they consider feasible
Solution 1: SSB based RLM/BM/BFR that is outside active DL BWP 
In [3], RAN4 suggests that Solution 1 requires either existing RAN4 requirements to be updated or new requirements to be developed.
As shown in Appendix B, RAN4 also mentioned the following solution, for which they state that RAN4 has requirements to support BM/RLM/BFD based on CSI-RS within active BWP and no spec change is needed , which is also observed by RAN1 [2].
Solution 2: Perform BM/RLM/BFD based on CSI-RS within active BWP
Another solution in [3] is 
Solution 3: NCD-SSB approach
Similarly as Solution 1, RAN4 thinks it requires either existing RAN4 requirements to be updated or new requirements to be developed. Furthermore, based on the latest progress in Rel-17 Redcap WI, it remains unclear what needs to be done to extend NCD-SSB to non-Redcap UEs. Note that, Rel-15/16 UEs are already deployed following early specification versions, which may not fully support NCD-SSB approach.
So in the table below we briefly list the pros and cons of these solutions.
	
	Pros
	cons

	Solution 0: Network configuration ensures that active BWP always contains CD-SSB if CSI-RS is not available in the BWP, or CSI-RS based RLM/BM/BFR is not supported by the UE.
	No specification effort. NW needs to support this solution anyway to support legacy UEs that are in the field.
No impact to UE implementation.
Full compatibility.
	Restriction to network configuration in terms of SSB configuration/transmission. 

	Solution 1: SSB based RLM/BM/BFR that is outside active DL BWP
	No restriction to network configuration in terms of SSB configuration/transmission.
	RAN4 extra work required for new/updating requirements. 
Potential higher power consumption due to larger RF bandwidth to receive SSB outside active BWP, or lower resource utilization due to switching gap.

	Solution 2: Perform BM/RLM/BFD based on CSI-RS within active BWP
	No extra RAN4 effort for the requirements. 
	Requires UE support of CSI-RS based BM/RLM/BFD as the prerequisite of FG 6-1a.

	Solution 3: NCD-SSB approach
	Allow same configuration/handling for Redcap and non-Redcap UEs.
Does not require UE to support CSI-RS based BM/RLM/BFD as the prerequisite of FG 6-1a.
	RAN4 extra work required for requirements. 
Unclear whether existing Rel-15/16 non-Redcap UEs support this solution. 


Based on the above analysis, one important fact seems to be that network anyway needs to support Solution 0, in order to configure RLM/BM/BFR for legacy UEs (Rel-15/16) which does not support whatever enhancements that may be introduced. Another issue to be highlighted is that based on the overwhelming work load situation in RAN4, it is not practical to further task RAN4 to study and specify the requirements for Solution 1 or 3, at least in the time frame of Rel-17. 
Considering the fact that CSI-RS based RLM (i.e., FG 1-7 as per TR 38.822) is mandatory with capability signalling, and Beam failure recovery (i.e., FG 2-31 as per TR38.822) is mandatory with capability signalling for FR2, it is expected that Solution 2 can be used for most of the cases once UE implements the feature. 
With these, we suggest the following:
Proposal 1 No changes to the UE capability definitions and no RAN4 work for new requirements are needed for BWP operation without bandwidth restriction:
· For UEs that support FG 6-1a and CSI-RS based BM/RLM/BFD, network may configure the UEs for CSI-RS based BM/RLM/BFD, when the active BWP does not contain SSB.
· For UEs that support FG 6-1a but do not support CSI-RS based BM/RLM/BFD, network configuration ensures that active BWP always contains SSB.

3. [bookmark: _GoBack]Conclusions 
In this contribution, we discussed BWP operation without bandwidth restriction, and reviewed the input from RAN2/RAN1/RAN4 on the matter. The following is suggested as the WF:
Proposal 1 No changes to the UE capability definitions and noRAN4 work for new requirements are needed for BWP operation without bandwidth restriction:
· For UEs that support FG 6-1a and CSI-RS based BM/RLM/BFD, network may configure the UEs for CSI-RS based BM/RLM/BFD, when the active BWP does not contain SSB.
· For UEs that support FG 6-1a but do not support CSI-RS based BM/RLM/BFD, network configuration ensures that active BWP always contains SSB.
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Appendix A 
The following was reproduced from [2].

RAN1 would like to inform RAN, RAN2, and RAN4 that RAN1 achieved following RAN1 observation and conclusion at the RAN1#110 meeting:
	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.




Appendix B
The following was reproduced from [3].

RAN4 would like to thank RAN2 for the LS on BWP operation without bandwidth restriction. RAN4 has discussed the questions asked in the LS, and would like to provide the answers and share the current status of the discussion in RAN4.

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




