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Introduction
RAN1#109 (May) discussed an LS from RAN2#117 (February) to RAN1 and RAN4 on BWP operation without bandwidth restriction [1]. The discussion continued in RAN#96 (June) with RAN assigning the WGs with the following task [2]: 
	1. 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: _Hlk113006124]August RAN1#110 and RAN4#104 both in their LSs to RAN in [3] and [4] copied below end up with respponses pointing to the same direction while also complementing each other, while RAN2 as the originator of the questions is awaiting for RAN1/RAN4 progress on the matter.
	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.



	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



As a reminder, the Rel-15 FG 6-1a and its corresponding TS38.306 capability read as follows:
	6-1a
	BWP operation without restriction on BW of BWP(s)
	1) BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell



	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	bwp-WithoutRestriction
Indicates support of BWP operation without bandwidth restriction. The Bandwidth restriction in terms of DL BWP for PCell and PSCell means that the bandwidth of a UE-specific RRC configured DL BWP may not include the bandwidth of CORESET #0 (if configured) and SSB. For SCell(s), it means that the bandwidth of DL BWP may not include SSB.
	Band
	No
	N/A
	N/A


.
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FG 6-1a
The RAN1 liaison observes that FG6-1a works fine when CSI-RS within the active DL BWP is used for RLM/BM/BFR. In addition the RAN4 liaison response indicates that when the active DL BWP does not contain the (cell-defining) SSB, then the FG6-1a UE should be configured with, and be able to use CSI-RS for the RLM/BM/BFR measurements.
Observation 1: An FG6-1a UE should support CSI-RS based RLM/BM/BFR for the FG6-1a support to be of any use.

The FG6-1a support does not rule out the UEs ability to measure SSB outside of the active BWP for everything, even if it is not possible to configure the SSB outside of the active BWP for the RLM/BM/BFR measurements. The UE is still required to be able to perform SSB-based intra-frequency mobility measurements even if the SSB was outside of the active BWP. For this purpose the UE may use measurement gaps if it needs to retune the receiver to be able to search for the SSBs that are not within the active BWP. Such gaps, if needed by the UE, lead to service disruptions in the serving cell.
Observation 2: An FG6-1a UE configured with a BWP not containing the SSB may need measurement gaps (causing service interruptions) for intra-frequency mobility measurements
Possible new UE type
If a UE didn’t support CSI-RS based RLM/BM/BFR, its support for FG6-1a is irrelevant as the network could not in practice configure such a UE with a BWP that didn’t contain the (cell-defining) SSB as, according to the RAN4 LS, not performing RLM/BM/BFR is not a valid scenario. It would, however, be possible that such a UE could use an alternative mechanism for RLM/BM/BFR as indicated by the RAN1 and RAN4 liaisons, but such alternative mechanisms would constitute of a new UE type likely needing a new UE capability and potentially also some specification changes.
Observation 3: In order to support a configuration where the UE’s active BWP does not include the SSB and the UE is not performing CSI-RS based RLM/BM/BFR (due to the signals not being present or the UE not supporting them) a new mechanism would be needed.

Based on the RAN1 and RAN4 liaisons, there are two possible directions approaches that could be considered when the SSB is outside of the UE’s active DL BWP:
1. The new UE type can use the SSB outside of its active DL BWP
a. Measurement gaps are not needed (e.g. the UE’s actual Rx BW is is wider than the active DL BWP and it contains also the SSB)
b. Measurement gaps are needed (e.g. the UE retunes its Rx BW to cover the SSB when it performs the measurements)
2. The new UE type can use a non-cell defining SSB within its active DL BWP 

Alternative 1a (measure the SSB outside of the active DL BWP, no measurement gaps needed) would be attractive for the system operation as it would not lead to any service interruptions due to retuning, or to any additional overhead
Alternative 1b (measure the SSB outside of the active DL BWP, measurement gaps needed) would be less attractive for the system as the measurement gaps lead to having to manage service interruptions due to the measurement gaps. Such a UE type would very likely not be configured with a BWP that doesn’t include the cell’s SSB
Alternative 2 (use NCD SSB within the active DL BWP) is essentially the sameas FG6-1a with CSI-RS, but substituting the CSI-RS with NCD-SSB. The new NCD-SSB would need to be multiplexed with the existing signals and channels somewhat degrading the cell’s performance. The new UE would likely (similar to FG6-1a UE) need to resort to measurement gaps for mobility measurements and thus lead to service interruptions. It would not be attractive to configure such a UE to a BWP that doesn’t contain the cells (cell-defining) SSB. There is no UE HW related justification for this operations either as the UE is by default required to support the full carrier BW.
Observation 4: If support for a configuration where the UE’s active BWP does not include the SSB and the UE is not performing CSI-RS based RLM/BM/BFR (due to the signals not being present or the UE not supporting them) is to be defined it should be based on UE measuring the SSB outside of its active DL BWP without resorting to measurement gaps or interruptions.
Conclusion
In this contribution the RAN’s task to RAN WGs on FG6-1a and the respective report by RAN1 and RAN4 were discussed. The following observations were made:
Observation 1: An FG6-1a UE should support CSI-RS based RLM/BM/BFR for the FG6-1a support to be of any use.
Observation 3: In order to support a configuration where the UE’s active BWP does not include the SSB and the UE is not performing CSI-RS based RLM/BM/BFR (due to the signals not being present or the UE not supporting them) a new mechanism would be needed.
Observation 2: An FG6-1a UE configured with a BWP not containing the SSB may need measurement gaps (causing service interruptions) for intra-frequency mobility measurements
Observation 4: If support for a configuration where the UE’s active BWP does not include the SSB and the UE is not performing CSI-RS based RLM/BM/BFR (due to the signals not being present or the UE not supporting them) is to be defined it should be based on UE measuring the SSB outside of its active DL BWP without resorting to measurement gaps or interruptions.

The observations lead us to a following proposal:
Proposal:
· Discuss whether to define support for a configuration where the UE’s active BWP does not include the SSB and the UE is not performing CSI-RS based RLM/BM/BFR (due to the signals not being present or the UE not supporting them).
· If the support is to be defined, the new UE type should support SSB-based RLM/BM/BFR measurements without measurement gaps or interruptions when the SSB is not within its active DL BWP
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