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Introduction
In May meeting, RAN1 and RAN4 received an LS from RAN2 with the following questions [1]. The questions were discussed in both RAN1 #109e and RAN4 #103e, but no agreements were made.  
	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.
[bookmark: _Hlk111154875]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.



At RAN #96 in June, the following agreement was made [2]. 
	[bookmark: _Hlk113210330]Agreement: 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 “bwpWithoutRestriction” works in an early implementable form in R18, or, possibly R17, and report progress to RAN #97.


 
In this contribution, we express our views and provide proposals on the support for FG 6-1a on BWP without restrictions with considerations of RAN1 and RAN4 agreements made at August meetings.
Discussion
With the above RAN guidance, RAN1 further made the following observation/conclusion/agreement at RAN1 #110 and sent a reply LS in [3] as follows: 
	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.
Agreement
Capture the above observation, conclusion, and MTK/Samsung concern in LS to RAN/RAN2/RAN4. Final LS is in R1-2208168.



Meanwhile RAN4 also sent a reply LS in [4] with the following response:
	1. Overall description:
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



It should be noted that how to support BM/RLM/BFD in a BWP without SSB was already discussed in Rel-15. In the following RAN2 LS in [5], it clearly says the following was agreed in RAN2
· SSB-based Beam Management, CSI measurements, Beam Failure Detection and RLM can only be configured for DL BWPs which contain the SSB associated to the serving cell.
· For a DL BWP which does not contain the SSB associated to the serving cell, Beam Management, CSI measurements, Beam Failure Detection and RLM can only be performed based on CSI-RS.

	1. Overall Description:
RAN2 agreed that, for a connected UE, multiple SSBs can be configured for RRM measurements. However, RAN2 also agreed that SSB-based Beam Management, CSI measurements, Beam Failure Detection and RLM can only be configured based on the SSB associated to the serving cell, even if the UE is configured with multiple BWPs. Together with other RAN1 agreements (e.g. that a UE is not required to perform RLM measurements outside the active DL BWP) this led to the RAN2 agreement that, for Rel-15:
· [bookmark: _Hlk113210923]SSB-based Beam Management, CSI measurements, Beam Failure Detection and RLM can only be configured for DL BWPs which contain the SSB associated to the serving cell. For a DL BWP which does not contain the SSB associated to the serving cell, Beam Management, CSI measurements, Beam Failure Detection and RLM can only be performed based on CSI-RS. 



Similar description can be found in current specifications TS38.300 that UE performs CSI-RS based BM/RLM/BFD on a BWP without SSB. 
	[bookmark: _Toc90589865][bookmark: _Toc52551338][bookmark: _Toc51971355][bookmark: _Toc46502007][bookmark: _Toc37231952][bookmark: _Toc29376061][bookmark: _Toc20387981]9.2.3.1	Overview
[…] SSB-based Beam Level Mobility is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Level Mobility can only be performed based on CSI-RS.
[bookmark: _Toc90589879][bookmark: _Toc52551352][bookmark: _Toc51971369][bookmark: _Toc46502021][bookmark: _Toc37231964][bookmark: _Toc29376070][bookmark: _Toc20387990]9.2.7	Radio Link Failure
[…] SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS.
[bookmark: _Toc90589880][bookmark: _Toc52551353][bookmark: _Toc51971370][bookmark: _Toc46502022][bookmark: _Toc37231965]9.2.8	Beam failure detection and recovery
[…] SSB-based Beam Failure Detection is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS.



Furthermore, TS38.213 clearly state that UE is not required to perform RLM outside its active BWP. 
	5. Radio link monitoring
The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP, as described in clause 12, on the primary cell. If the active DL BWP is the initial DL BWP and for SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in clause 13, the UE is expected to perform RLM using the associated SS/PBCH block when the associated SS/PBCH block index is provided by RadioLinkMonitoringRS.
If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rlf-TimersAndConstants is provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell.



[bookmark: _Ref113217676]Observation 1: Per previous (Rel-15) agreements and current specifications, SSB-based BM/CSI measurements/RLM/BFD can be only configured in a BWP that contains SSB. 
[bookmark: _Ref113217684]Observation 2: Per previous (Rel-15) agreements and current specifications, for a BWP without SSB, BM/CSI measurements/BFD/RLM can be only performed based on CSI-RS within the active BWP. 
[bookmark: _Ref113217691]Observation 3: Per RAN4 reply LS, BM/RLM/BFD should be performed based on CSI-RS within active BWP when the BWP does not contain SSB. Furthermore, RAN4 already has the corresponding requirements, and no specification change is needed. 
[bookmark: _Ref113221798][bookmark: _Ref113217700]Proposal 1: From specification point of view, it should be concluded as an invalid scenario that the active BWP contains neither SSB nor CSI-RS for UE to perform BM/RLM/BFD. 
[bookmark: _Ref113217710]Proposal 2: To support FG6-1a “bwpWithoutRestriction,” RAN should first conclude that BM/RLM/BFD should be performed based on CSI-RS within active BWP and no specification changes are needed for the CSI-RS based solution. 
After RAN clarifies FG6-1a is supported by UE to perform CSI-RS based BM/RLM/BFD according to current specifications, we can further discuss whether and how to support BWP operation without restriction by RS other than CSI-RS, more specification, by NCD-SSB within active BWP or by SSB outsides active BWP. 
In our view, since NCD-SBB has been agreed as a mandatory function for RedCap UEs, it should in principle be appliable to non-RedCap UEs as well, though specification changes require more detailed studies. Regarding utilizing SSB outside active BWP for L1 measurements, existing features for L3 measurements using SSB outside BWP such as Rel-16 NeedForGaps or Rel-17 NCSG (Network Controlled Small Gap) can be leveraged and used as a starting point. In our opinion, Rel-17 NCSG is a better candidate to start with than Rel-16 NeedForGaps because the L3 measurement requirements for Rel-17 NCSG have been completed and it provides more capability granularity for UE to report {gap, ncsg, nogap-noncsg}. 
[bookmark: _Ref113217716]Proposal 3: To support the scenario where an active BWP does not contain CD-SSB, the solution that UE performs BM/RLM/BFD based on NCD-SSB within its active BWP, if agreed, can be supported in Rel-18. 
[bookmark: _Ref113217724]Proposal 4: To support the scenario where an active BWP does not contain CD-SSB, the solution that UE performs BM/RLM/BFD using SSB outside active BWP, if agreed, should task RAN4 as the leading WG to specify an inclusive solution regarding UE capability and requirements to accommodate more UEs to support the scenario.
Conclusions
With the following RAN4 LS, we make the observations and proposals listed in the below.
· R4-2214355, “LS on Feature Group 6-1a ‘bwp-WithoutRestriction,’”
	1. Overall description:
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



Observation 1: Per previous (Rel-15) agreements and current specifications, SSB-based BM/CSI measurements/RLM/BFD can be only configured in a BWP that contains SSB.
Observation 2: Per previous (Rel-15) agreements and current specifications, for a BWP without SSB, BM/CSI measurements/BFD/RLM can be only performed based on CSI-RS within the active BWP.
Observation 3: Per RAN4 reply LS, BM/RLM/BFD should be performed based on CSI-RS within active BWP when the BWP does not contain SSB. Furthermore, RAN4 already has the corresponding requirements, and no specification change is needed.
Proposal 1: From specification point of view, it should be concluded as an invalid scenario that the active BWP contains neither SSB nor CSI-RS for UE to perform BM/RLM/BFD.
Proposal 2: To support FG6-1a “bwpWithoutRestriction,” RAN should first conclude that BM/RLM/BFD should be performed based on CSI-RS within active BWP and no specification changes are needed for the CSI-RS based solution.
Proposal 3: To support the scenario where an active BWP does not contain CD-SSB, the solution that UE performs BM/RLM/BFD based on NCD-SSB within its active BWP, if agreed, can be supported in Rel-18.
Proposal 4: To support the scenario where an active BWP does not contain CD-SSB, the solution that UE performs BM/RLM/BFD using SSB outside active BWP, if agreed, should task RAN4 as the leading WG to specify an inclusive solution regarding UE capability and requirements to accommodate more UEs to support the scenario.
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