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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 and RAN4, 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 in the RAN plenary. 
	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 on RAN2’s questions. We also provide some way forward solutions in response to RAN agreements. 
Discussion on RAN2 Questions 
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.
Related feature groups, FGs 1-7/2-24/2-31, are mandatory with capability signaling. To our understanding, UE is mandated to support them. Hence, when a BWP does not contain SSB, UE can perform L1 measurements based on CSI-RS. 
As quoted in the RAN2 LS, TS38.300 clearly specifies that for DL BWPs not containing SSBs, RLD, beam-level measurement, and beam failure detection can only be performed based on CSI-RS. This in principle commands network to provide CSI-RS when it does not configure BWPs with SSB. This also suggests the support of FG6-1a is based on CSI-RS based measurements. 
With the above, we don’t think it is a valid scenario in RAN2’s Question 1. Regarding Question 2, UE should perform RLM/BFD/BM based on CSI-RS as specified in TS 38.300.
Finally, for the scenario where UE may indicate the support for FG6-1a but not FG1-7/2-24/2-31, in our opinion, this case should be considered as an error case. FG1-7/2-24/2-31 should have been listed as prerequisites for FG 6-1a. We should clarify this aspect to RAN2. 
[bookmark: _Ref111194383]Proposal 1: Reply RAN2’s Question 1 with the response “No, it is not a valid scenario.”
[bookmark: _Ref111194390]Proposal 2: Reply RAN2’s Question 2 with “UE should perform RLM/BM/BFD based on CSI-RS when its active DL BWP does not contain SSB.”
[bookmark: _Ref111194396]Proposal 3: In the reply LS to RAN2, inform RAN2 that from RAN1’s perspective it should be regarded as an error case when UE indicates the support for FG 6-1a but not the support for FGs 1-7/2-24/2-31. 

Discussion on High-level Candidate Solutions 
Motivation behind RAN2’s LS is to enable the optional Rel-15 FG 6-1a for NW’s load balancing. Unlike the mandatory FG 6-1, the optional FG 6-1a does not mandate the inclusion of SSB and CORESET#0 and hence provides more flexibility to NW configuration. On the other hand, load balancing can be achieved by FG6-1 as well but at the expense of UE power. (See Annex A for detailed feature group description.)
To support BWP operation without restriction, i.e. FG 6-1a, there are at least three high-level candidate solutions. 
· Option 1: CSI-RS based solution 
· CSI-RS can be configured on UE’s active BWP as an alternative to SSB for UE’s measurements 
· Option 2: SSB-based solution 
· UE measures SSB that is not within its active BWP 
· Option 3: Utilization of NCD-SSB
· NW can transmit NCD-SSB for RedCap UE. Extension of NCD-SSB to non-RedCap UEs can also be a candidate solution for the support of FG6-1a. 

In our view, the support of FG 6-1a imply that UE performs L1 measurements based on CSI-RS according to the current specifications. TS38.300 suggests CSI-RS based L1 measurements are performed at BWP without SSB. TS 38.213 says UE is not required to measure RS outside active BWP. TS38.306 states CSI-RS based L1 measurement FGs (1-7, 2-24, and 2-31) are “mandatory” though with capability signaling.
[bookmark: _Ref111194258]Observation 1: According to the current specification, the support of FG 6-1a implies that UE should perform L1 measurements based on CSI-RS within its active BWP. 
No RAN1 specification impact has been identified to support FG 6-1a based on CSI-RS. As to RAN4 specification impact, requirements for L1 measurements assume that RS, SSB or CSI-RS, is contained within the active BWP. No specification changes are identified to support FG 6-1a with L1 measurements based on CSI-RS in FR1. For FR2, new requirements are needed if CSI-RS to measure is configured to be QCL’ed to SSB outside the active BWP. Alternatively, NW can configure the CSI-RS to measure with repetition ON though at the cost of significant overhead. 
[bookmark: _Ref111194269]Observation 2: No RAN1 specification impact has been identified to support FG6-1a with CSI-RS based BM/RLM/BFD.  
[bookmark: _Ref111194289]Observation 3: In FR1, No RAN4 specification impact is needed for CSI-RS based BM/RLM/BFD in FR1. 
[bookmark: _Ref111194295]Observation 4: In FR2, new requirements are needed for CSI-RS based BM/RLM/BFD when CSI-RS is configured to be QCL’ed to SSB. Alternatively, CSI-RS can be configured with repetition ON which increases NW’s RS overhead. 

As to Option 2 using SSB outside active BWP, it is clearly not aligned with the current specification which explicitly states that “UE is not required to monitor downlink radio link quality in DL BWPs other than the active BWP.” [TS 38.213] Specification changes are required to relax this restriction. In addition, RAN4 requirements for L1 measurements have assumed that target RS is within the active BWP. New requirements are foreseen to support the SSB based solution. 
[bookmark: _Ref111194302]Observation 5: Specification changes including new requirements are required to support L1 measurements based on SSBs that are not within the active BWP. 
It was agreed in Rel-17 RedCap WI that non-cell defining SSBs could be configured in UE dedicated DL BWPs. Though it is configured in a UE-specific way, the transmission of NCD-SSB is more cell-specific than UE-specific from the NW perspective. Hence, it is reasonable to consider extending the usage and support from RedCap UEs to non-RedCap UEs. However, it was agreed in RAN2 the extension of NCD-SSB to non-RedCap UEs was deprioritized in Rel-17. It is also unclear how much the potential specification impact would be. Therefore, the discussion of this proposal should only happen in Rel-18 or a later release. 
[bookmark: _Ref111194315]Observation 6: RAN2 has agreed to deprioritize the discussion of extending NCD-SSB to non-RedCap UEs in Rel-17. In other words, discussions should only happen in Rel-18 or a later release. 

Consideration of SSB-based Solution 
Considering the CSI-RS overhead with repetition on in FR2, SSB-based solution can serve as alternative to support FG6-1a. Some questions for discussion have been identified for this SSB-based solution as follows:  
1. Whether UE requires a gap, a small gap, or no gap when performing L1 measurements using SSBs that are not within its active BWP? 
2. Whether it is applicable to SpCell only or SCells as well? 
3. Whether to share a common framework with an existing feature, e.g. Rel-16 NeedForGaps in Rel-16 or Network Controlled Small Gap (NCSG) in Rel-17? 
4. Timeline: If a new UE capability is to be introduced, it should be for Rel-17 or for Rel-18?

One of the motivations to enable FG6-1a is to achieve UE power saving while supporting NW’s load balancing. To achieve power efficiency, a non-RedCap UE should operate both its RF and BB in narrow bandwidth and cover only BWP during non-SSB symbols. To measure SSB during SSB symbols, the non-RedCap UE then changes to wideband operation for simultaneous data reception and SSB-based measurements. With this operation, a small gap should be allocated for UE to perform RF/BB reconfiguration before and after the measurements. 
[bookmark: _Ref111194322]Observation 7: To achieve most UE power saving, a small gap is required for non-RedCap UEs to perform RF/BB reconfiguration and measure SSBs outside its active BWP. 
[bookmark: _Ref111194755]Proposal 4: For non-RedCap UEs, at least a small gap should be allocated for the UE to perform SSB-based RLM/BFD/CBD/BM using SSBs outside active BWP.  
For the scenario of interest where narrow BWPs being configured for UE power saving, UE is likely to be in a low traffic mode without SCells or with dormant SCells. In our view, the dormant BWP in a dormant SCell whether it is a wideband or narrowband BWP can be configured to contain CD-SSB. 
[bookmark: _Ref111194337]Observation 8: When UE is configured with narrow BWP for power saving on PCell/PSCell, its traffic load is very likely to be low and its SCells, if any, are likely to be deactivated or dormant.
[bookmark: _Ref111194763]Proposal 5: The support for SSB-based L1 measurements using SSBs outside active BWP is applicable to PCell/PSCell only. 
Both R16 NeedForGap and R17 NCSG have discussed the scenario that UE performs SSB-based RRM measurements using SSBs outside its active BWP. They can be considered to serve as a starting point for SSB-based L1 measurements being discussed. If UE indicates the support for R16 NeedForGaps, currently it can only indicate either “gap” or “no-gap” to NW. Whether additional interruption is allowed when UE reporting “NeedForGaps” is to be discussed in RAN4 Rel-18 WI. Besides requirements for R16 NeedForGaps are not completed and are to be discussed in the Rel-18 WI. In contrast to R16 NeedForGaps, R17 NCSG provides more capability granularity for UE to report. UE can report from {gap, ncsg, nogap-noncsg} when reporting R17 NCSG. Furthermore, the L3 measurement requirements for NCSG have been completed. There is already a foundation for RAN4 to further consider L1 measurements on top of it.
[bookmark: _Ref111194352]Observation 9: Requirements and whether additional interruption is allowed are to be discussed in RAN4 Rel-18 WI for Rel-16 NeedForGaps. 
[bookmark: _Ref111194364]Observation 10: R17 NCSG provides not only {gap, nogap-noncsg} but also {ncsg} for UEs of different capabilities to report. 
[bookmark: _Ref111194372]Observation 11: The L3 measurement requirements for R17 NCSG have been completed. 
For both R16 NeedForGaps and R17 NCSG, a new UE capability reporting framework as known as dynamic UE capability reporting has been implemented and applied. With the dynamic UE capability reporting framework, UE can report a suitable capability in the RRC response message according the band combination it is being configured. This dynamic UE reporting frame hence provides a good tradeoff between signaling overhead and UE capability flexibility. Without this, UE may be very cautious and conservative when reporting its capability. Therefore, we think if a new UE capability is agreed to support SSB-based L1 measurements using SSBs outside active BWP, it should apply the dynamic UE reporting framework like R17 NCSG and R16 NeedForGaps. 
[bookmark: _Ref111194769]Proposal 6: R17 NCSG design including requirements, UE reporting values, and UE capability reporting framework can be considered as a starting point if a new UE capability is agreed to support UE performing L1 measurements using SSBs outside active BWP.
Finally, considering the discussion and workload required for the identified issues, it is more reasonable to conduct the study in Rel-18 rather than Rel-17. 
[bookmark: _Ref111194778]Proposal 7: Enabling FG 6-1a with CSI-RS based L1 measurements should target for Rel-17 while enabling FG 6-1a with SSB based L1 measurements should target for Rel-18.  
Conclusion
The following observations and proposals are made in this contribution. 
Observation 1: According to the current specification, the support of FG 6-1a implies that UE should perform L1 measurements based on CSI-RS within its active BWP.
Observation 2: No RAN1 specification impact has been identified to support FG6-1a with CSI-RS based BM/RLM/BFD.
Observation 3: In FR1, No RAN4 specification impact is needed for CSI-RS based BM/RLM/BFD in FR1.
Observation 4: In FR2, new requirements are needed for CSI-RS based BM/RLM/BFD when CSI-RS is configured to be QCL’ed to SSB. Alternatively, CSI-RS can be configured with repetition ON which increases NW’s RS overhead.
Observation 5: Specification changes including new requirements are required to support L1 measurements based on SSBs that are not within the active BWP.
Observation 6: RAN2 has agreed to deprioritize the discussion of extending NCD-SSB to non-RedCap UEs in Rel-17. In other words, discussions should only happen in Rel-18 or a later release.
Observation 7: To achieve most UE power saving, a small gap is required for non-RedCap UEs to perform RF/BB reconfiguration and measure SSBs outside its active BWP.
Observation 8: When UE is configured with narrow BWP for power saving on PCell/PSCell, its traffic load is very likely to be low and its SCells, if any, are likely to be deactivated or dormant.
Observation 9: Requirements and whether additional interruption is allowed are to be discussed in RAN4 Rel-18 WI for Rel-16 NeedForGaps.
Observation 10: R17 NCSG provides not only {gap, nogap-noncsg} but also {ncsg} for UEs of different capabilities to report.
Observation 11: The L3 measurement requirements for R17 NCSG have been completed.

Proposal 1: Reply RAN2’s Question 1 with the response “No, it is not a valid scenario.”
Proposal 2: Reply RAN2’s Question 2 with “UE should perform RLM/BM/BFD based on CSI-RS when its active DL BWP does not contain SSB.”
Proposal 3: In the reply LS to RAN2, inform RAN2 that from RAN1’s perspective it should be regarded as an error case when UE indicates the support for FG 6-1a but not the support for FGs 1-7/2-24/2-31.
Proposal 4: For non-RedCap UEs, at least a small gap should be allocated for the UE to perform SSB-based RLM/BFD/CBD/BM using SSBs outside active BWP.
Proposal 5: The support for SSB-based L1 measurements using SSBs outside active BWP is applicable to PCell/PSCell only.
Proposal 6: R17 NCSG design including requirements, UE reporting values, and UE capability reporting framework can be considered as a starting point if a new UE capability is agreed to support UE performing L1 measurements using SSBs outside active BWP.
Proposal 7: Enabling FG 6-1a with CSI-RS based L1 measurements should target for Rel-17 while enabling FG 6-1a with SSB based L1 measurements should target for Rel-18.
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Annex A: Related UE Feature Groups 

	Index
	Feature group
	Components
	Prerequisite
	Mandatory / Optional

	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	N/A
	Mandatory without capability signaling

	6-1a
	BWP operation without restriction on BW of BWP(s)
	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
	6-1, 6-2, 6-3, or 6-4
	Optional with capability signalling

	1-7
	CSI-RS based RLM
	CSI-RS based RLM
	1-1, CSI-RS
	Mandatory with capability signalling

	1-8
	RLM based on a mix of SS block and CSI-RS signals within active BWP
	RLM based on a mix of SS block and CSI-RS signals within active BWP
	1-3 and 1-7
	Optional with capability signalling

	2-24
	SSB/CSI-RS for beam measurement
	1) The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1
2) The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP shall not exceed MC_1
3) The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2
4) Supported density of CSI-RS
5) The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1
	2-21, 2-22 or 2-23, 2-23a
	Mandatory with capability signalling

	2-31
	Beam failure recovery
	1) Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality
2) Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality
3) Maximal number of different CSI-RS and/or SSB resources across all CCs for new beam identifications.
	1-7 for CSI-RS based BFD/BFR
	Mandatory with capability signalling for FR2
Optional with capability signalling for FR1
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