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1. Introduction
[bookmark: _Hlk142416711]In the RAN4#109 meeting, the core part of BWP operation without restriction was finished. Issues that may be discussed during maintenance phase were also captured in the WF [1]. 
	Companies are encouraged to bring analysis on the following issues.
· Whether and how to define requirements/UE behaviour for UE supporting both option B-1-1 and A
· Whether and how to define requirements/UE behaviour for UE supporting both option C and A


In this contribution, we further provide our views on remaining open issues for BWP operation without restriction.
2. [bookmark: _Hlk73468315]Discussion
2.1	Combination of options
There were discussions in the past RAN4 meetings on whether or not and how to define requirements for UE supporting multiple options for BWP operation without restriction. 
In RAN4#108 meeting, conclusion on requirements/UE behaviour was made for UE supporting both option B-1-1 and option C. It was captured in the WF [2].
	Issue 1-3: Requirements/UE behaviour for UE supporting both option B-1-1 and C
· [bookmark: _Hlk157003894]It is RAN4 understanding that for UE supporting both option B-1-1 and C, if NCD-SSB is configured within the active BWP, then UE is expected to perform RLM/BFD/BM and L3 intra-frequency measurements based on NCD-SSB based on TS 38.331. No additional requirements will be defined for such scenario.


There are generally two cases, which are depicted in Fig 1, that can be considered for UE supporting both option B-1-1 and C.
The conclusion can address case 1 that there is only NCD-SSB being configured in the active BWP. UE is expected to perform RLM/BFD/BM based on the NCD-SSB. 
Case 2 was raised in the past meetings. Both CD-SSB and NCD-SSB are configured outside active BWP. If UE doesn’t support option C, then the UE can only be configured with CD-SSB for L1 measurements. If UE supports option C, then it is possible for NW to configure either CD-SSB or NCD-SSB for L1 measurements. In such case, UE is also feasible to perform measurements over either SSB. Similar to case 2, our view is that UE should follow NW configuration. No additional requirements are needed.
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Fig 1. Cases for combination of option B-1-1 and C

Proposal 1: For UE supporting both option B-1-1 and C, if both CD-SSB and NCD-SSB are configured outside active BWP, then UE is expected to perform RLM/BFD/BM following NW configuration based on TS 38.331. No additional requirements will be defined for such scenario.

Whether and how to define requirements/UE behaviour for UE supporting both option B-1-1 and A
Following UE capabilities for option B-1-1 and option A were introduced in Rel-18.
	rlm-BM-BFD-CSI-RS-OutsideActiveBWP-r18
Indicates whether the UE supports RLM/BM/BFD measurements based on CSI-RS, when CD-SSB is outside active DL BWP.
[bookmark: _Hlk157004191]bwpOperationMeasWithoutInterrupt-r18
Indicates whether the UE supports RLM/BM/BFD and gapless L3 intra-frequency measurements based on CD-SSB outside active BWP without interruptions.


Thus, supporting of both option B-1-1 and option A is possible from UE implementation perspective. In existing specification, UE should perform RLM/BFD/BM measurements over both CD-SSB outside active BWP and CSI-RS within active BWP if NW configures so.
	[bookmark: _Toc5952625]8.1	Radio Link Monitoring
8.1.1	Introduction
UE is not required to perform RLM outside the active DL BWP unless the UE supports [FG53-1], provided that the SSB is within the configured UE-specific CBW.

8.1.3	Requirements for CSI-RS based radio link monitoring
The requirements in this clause apply for each CSI-RS based RLM-RS resource configured for PCell, PSCell or deactivated PSCell, provided that the CSI-RS configured for RLM is actually transmitted within UE active DL BWP during the entire evaluation period specified in clause 8.1.3.2.


However, if a UE supports both option B-1-1 by indicating bwpOperationMeasWithoutInterrupt-r18 and option A by indicating rlm-BM-BFD-CSI-RS-OutsideActiveBWP-r18, it is not desirable that when option A is supported in practical network, the UE still needs to work with option A and option B-1-1 together. It brings no obvious gain by operating with the two options simultaneously.
If UE supports option A only, it only measures CSI-RSs within active BWP for L1 measurements and measures CD-SSB outside active BWP for L3 intra-frequency measurements. If UE supports option B-1-1 only, it only measures CD-SSB outside active BWP for both L1 measurements and L3 intra-frequency measurements. 
Based on existing specification, if UE supports both option A and option B-1-1 and the two features works together, then the UE needs to measure both CSI-RS and CD-SSB outside active BWP for L1 measurements depending on NW configuration, and CD-SSB outside active BWP L3 intra-frequency measurements. It will complicate UE implementation, but the gain of CSI-RS based L1 measurements over SSB based L1 measurements is not obvious. In addition, option B-1-1 is supposed to be a replacement of option A considering commercialization in industry. Thus, it would be better not to consider the two options working simultaneously.
For UE supporting both option B-1-1 and A, if CSI-RS is configured within the active BWP for L1 measurements, then UE is not expected to perform RLM/BFD/BM based on CD-SSB outside active BWP.
Proposal 2: For UE supporting both option B-1-1 and A, if CSI-RS is configured within the active BWP for L1 measurements, then UE is NOT expected to perform RLM/BFD/BM based on CD-SSB outside active BWP.
Proposal 3: It is clarified that if UE supports both option B-1-1 and option A then the UE is not required to measure the SSB outside active BWP.

Issue 1-5: Requirements/UE behaviour for UE supporting both option C and A
Following UE capabilities for option C and option A were introduced in Rel-18.
	rlm-BM-BFD-CSI-RS-OutsideActiveBWP-r18
Indicates whether the UE supports RLM/BM/BFD measurements based on CSI-RS, when CD-SSB is outside active DL BWP.
ncd-SSB-BWP-Wor-r18
Indicates whether the UE supports RLM/BM/BFD and gapless L3 intra-frequency measurements based on NCD-SSB within active BWP.


Similar to option A and option B-1-1, UE may support both option A and option C simultaneously. In such case, the CSI-RS and NCD-SSB within active BWP can both be configured for RLM/BM/BFD. This should be reasonable configuration, which is similar to what is allowed by existing specification that configuration of CSI-RS and CD-SSB within active BWP for RLM/BM/BFD. 
Thus, it is fine for UE to work with option A and option C simultaneously. There is no extra complexity compared to the case when CD-SSB is within active BWP.
Proposal 4: For UE supporting both option C and A, both CSI-RS and NCD-SSB within the active BWP can be configured for L1 measurements. No additional requirements/UE behaviour is needed.

2.2	L1-RSRP/L1-SINR reporting requirements
Following requirements are specified for L1-RSRP/L1-SINR reporting and the highlighted parts for UE supports option B-1-1 are not finalized yet.
	9.5.1	Introduction
When configured by the network, the UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP. The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements within the active BWP. For UE supporting [FG53-1], the measurements shall also be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements outside the active BWP. For UE supporting [FG 53-3], the SSB and SMTC in this section applies for both CD-SSB and NCD-SSB if it is not additional specified. If SSB in the active DL BWP of serving cell i is NCD-SSB, for serving cell i the requirements in clause 8.1 apply provided that serving cell i is PCell.
The UE shall be able to measure all CSI-RS resources and/or SSB resources of the nzp-CSI-RS-ResourceSet and/or csi-SSB-ResourceSet within the CSI-ResourceConfig settings configured for L1-RSRP for the active BWP, [or for other candidate BWP if the UE supports [FG53-1]], provided that the number of resources, including the number of SSB resources of the cell with PCI different from serving cell configured for L1-RSRP measurements in 9.13, does not exceed the UE capability indicated by beamManagementSSB-CSI-RS.
The UE shall report the measurement quantity (reportQuantity) and send periodic, semi-persistent or aperiodic reports, according to the reportConfigType according to the CSI reporting configuration(s) (CSI-ReportConfig) for the active BWP, [or for other candidate BWP if the UE supports [FG53-1]].
The measurement reporting delay can be longer for the measurement reporting requirements in this clause when IDC autonomous denial is configured.

9.8.1	Introduction
When configured by the network, the UE shall be able to perform L1-SINR measurements with the measurement resources configured as the selection of: 
-	CSI-RS based CMR and no dedicated IMR configured;
-	SSB based CMR and dedicated IMR configured;
-	CSI-RS based CMR and dedicated IMR configured.
The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-SINR measurements within the active BWP. For UE supporting [FG53-1], the measurements shall also be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-SINR measurements outside the active BWP, provided that the SSB is within the configured UE-specific CBW. For UE supporting [FG 53-3], the SSB and SMTC in this section applies for both CD-SSB and NCD-SSB if it is not additional specified. If SSB in the active DL BWP of serving cell i is NCD-SSB, for serving cell i the requirements in clause 8.1 apply provided that serving cell i is PCell.
The UE shall be able to measure all CSI-RS resources and/or SSB resources and/or CSI-IM resources of the nzp-CSI-RS-ResourceSet and/or csi-SSB-ResourceSet and/or CSI-IM-ResourceSet within the CSI-ResourceConfig settings for L1-SINR for the active BWP [or for other candidate BWP if the UE supports [FG53-1]],  and measure interference on corresponding NZP CSI-RS or CSI-IM resources if configured, provided that the number of resources does not exceed the UE capability indicated by beamManagementSSB-CSI-RS.
The UE shall report the measurement quantity (reportQuantity) and send periodic, semi-persistent or aperiodic reports, according to the reportConfigType according to the CSI reporting configuration(s) (CSI-ReportConfig) for the active BWP [or for other candidate BWP if the UE supports [FG53-1]].
The measurement reporting delay can be longer for the measurement reporting requirements in this clause when IDC autonomous denial is configured.


In current requirements, it is clarified that SSB resources within the CSI-ResourceConfig settings configured for L1-RSRP for other candidate BWP if the UE supports option B-1-1. However, it is not correct as UE only measures CSI resources for the active BWP. From RRC configuration perspective, CSI-ResourceConfig settings is associated to a BWP. However, it is not clear whether SSB resources outside the BWP can be configured within CSI-ResourceConfig settings if UE supports option B-1-1. It should be allowed otherwise option B-1-1 may not work.
In current TS 38.331, there is no clarification on whether SSB resources outside the BWP can be configured within CSI-ResourceConfig settings if UE supports option B-1-1 or there is no restriction on SSB resources configuration at all. RAN4 needs to inform RAN2 about the issue.
Proposal 5: LS RAN2 to ask whether SSB resources outside a BWP can be configured within CSI-ResourceConfig settings for the BWP if UE supports option B-1-1.

2.3	Reply LS
In the RAN2#124 meeting, a reply LS [3] was approved and sent to RAN4. One question was raised and is needed to be answered by RAN4 regarding applicability of requirements for UE supporting option C.
	RAN2 would like to thank RAN4 on the LS on BWP_Wor. RAN2 has discussed the Option C (i.e. NCD-SSB) and concluded:
1	Capture the behavior that UE shall report no gap and no interruption/no NCSG for intra-frequency measurement in RRC specification. 
2	Capture the restriction for NCD-SSB measurement to be only applicable for PCell.

Besides, regarding RAN4 agreement below:
	· The following scenario is supported from RAN4 requirement perspective:
· For UE supporting option C and configured with CA, NCD-SSB based L1 and L3 intra-frequency measurement requirements are only applicable for the PCell.


RAN2 would like to check whether it is also applicable for the PSCell. 


In the original LS [4] to RAN2, following RAN4 conclusions were captured.
	Regarding CA for UE supporting option C,
· The following scenario is supported from RAN4 requirement perspective:
· [bookmark: _Hlk157010553]For UE supporting option C and configured with CA, NCD-SSB based L1 and L3 intra-frequency measurement requirements are only applicable for the PCell.


From RAN2 perspective, it is not clear based on RAN4 LS [4] whether NCD-SSB based measurement can also be applicable for the PSCell when dual connectivity is configured.
In RAN4#108bis meeting, conclusion on CA requirements for UE supporting option C was made. It was captured in the WF [5].
	Issue 4-6: CA requirements for UE supporting option C
· The following scenario is supported from RAN4 requirement perspective:
· NCD-SSB + CA, NCD-SSB only in PCell
· Inform RAN1/2 the above agreement


So, the conclusion is only for when NCD-SSB is configured together with CA. For simplicity, RAN4 agreed NCD-SSB is only applicable for PCell.
For dual connectivity, further discussions are needed. In existing requirements, RLM measurements should be performed for PCell and PSCell. BFD/BM measurements should be performed for PCell, PSCell and SCell(s). Suppose EN-DC is configured, the NCD-SSB should be allowed for UE to perform L1 measurements on NR PSCell. Even if NR-DC is configured, the NCD-SSB should be allowed for UE to perform L1 measurements for both PCell and PSCell. It will provide flexibility of NW deployment and BWP configuration. Therefore, NCD-SSB can be used for L1 measurements for PSCell in dual connectivity.
For L3 measurements, there is no reason that NCD-SSB cannot be used for intra-frequency measurements for PSCell.
Proposal 6: For UE supporting option C and configured with dual connectivity, NCD-SSB based L1 and L3 intra-frequency measurement requirements are applicable for both PCell and PSCell.
Proposal 7: LS to RAN2 if proposal 6 is agreed.

3. Summary
In this contribution, we provided our views on remaining issues for BWP operation without restriction. Following proposals are provided.
Proposal 1: For UE supporting both option B-1-1 and C, if both CD-SSB and NCD-SSB are configured outside active BWP, then UE is expected to perform RLM/BFD/BM following NW configuration based on TS 38.331. No additional requirements will be defined for such scenario.
Proposal 2: For UE supporting both option B-1-1 and A, if CSI-RS is configured within the active BWP for L1 measurements, then UE is NOT expected to perform RLM/BFD/BM based on CD-SSB outside active BWP.
Proposal 3: It is clarified that if UE supports both option B-1-1 and option A then the UE is not required to measure the SSB outside active BWP.
Proposal 4: For UE supporting both option C and A, both CSI-RS and NCD-SSB within the active BWP can be configured for L1 measurements. No additional requirements/UE behaviour is needed.
Proposal 5: LS RAN2 to ask whether SSB resources outside a BWP can be configured within CSI-ResourceConfig settings for the BWP if UE supports option B-1-1.
Proposal 6: For UE supporting option C and configured with dual connectivity, NCD-SSB based L1 and L3 intra-frequency measurement requirements are applicable for both PCell and PSCell.
Proposal 7: LS to RAN2 if proposal 6 is agreed.
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