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At RAN#99 meeting a new Rel-18 WI to complete the specification work to support BWP operation without restriction based on different solutions/options was approved [1]. 
In this paper we further analyze option B-1-1, which is described in the WID as follows [1]: 
· BM/RLM/BFD based on SSB outside the active BWP without interruptions
Analysis of option B-1-1
The details of the feature and the capability to support option B-1-1 will be discussed and decided by RAN1 and RAN2 respectively.  
RAN4 task is to specify the requirements related to the radio link monitoring (RLM) and the link recovery procedure (LRP) for supporting option B-1-1 i.e. when the SSB is outside the active BWP without interruptions. These procedures involve various type of measurements performed on the SSB during their respective evaluation periods including:
· Out-of-sync detection, 
· In-sync detection, 
· Beam failure detection (BFD),
· Candidate beam detection (CBD),
· L1-RSRP,
· L1-SINR.
The existing SSB based RLM and LRP requirements in TS 38.133 are applicable provided that the SSB is within the active BWP. The UE capable of supporting BM/RLM/BFD based on option B-1-1 should be able to perform the above measurements during their existing evaluation periods regardless of whether the SSB is configured within or outside the active BWP. The SSB should however be within the configured UE channel BW (CBW) i.e. UE-specific CBW. Therefore, the applicability of the existing requirements for the UE supporting option B-1-1 should be defined in the following sections in Table 1.
Table 1: List of high level sections in 38.133 impacted for UE supporting option B-1-1:
	No.
	Section number
	Section title

	1
	8.1
	Radio Link Monitoring

	2
	8.5
	Link Recovery Procedures

	3
	9.5
	L1-RSRP measurements for Reporting

	4
	9.8
	L1-SINR measurements for Reporting


Specification changes to support option B-1-1
In our view it is sufficient to define the applicability of the existing RLM/LRP requirements for option B-1-1 in the top-level and necessary sections which contain conditions related to the RLM/LRP within the active BWP. The proposed updates to these sections are shown below with revision marks:
[bookmark: _Toc5952625]8.1	Radio Link Monitoring
8.1.1	Introduction
The requirements in clause 8.1 apply for radio link monitoring on:
-	PCell in SA NR, NR-DC and NE-DC operation mode,
-	PSCell in NR-DC and EN-DC operation mode,
-	Deactivated PSCell in NR-DC and EN-DC operation mode, when configured.
The UE shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS resource(s) in order to detect the downlink radio link quality of the PCell, PSCell and deactivated PSCell if configured with bfd-and-RLM with value true as specified in TS 38.213 [3]. The configured RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs. UE is not required to perform RLM outside the active DL BWP except for t.he UE capable of [BM/RLM/BFD based on SSB outside the active BWP without interruptions] performing SSB based RLM.

8.1.2	Requirements for SSB based radio link monitoring
8.1.2.1	Introduction
The requirements in this clause apply for each SSB based RLM-RS resource configured for PCell, PSCell or deactivated PSCell, provided that the SSB configured for RLM is actually transmitted within UE active DL BWP except for the SSB configured for RLM for the UE capable of [BM/RLM/BFD based on SSB outside the active BWP without interruptions], during the entire evaluation period specified in clause 8.1.2.2.
8.5	Link Recovery Procedures
8.5.1	Introduction

The UE shall assess the downlink radio link quality of a serving cell based on the reference signal in the set  as specified in TS 38.213 [3] in order to detect beam failure on:
-	PCell in SA, NR-DC, or NE-DC operation mode,
-	PSCell in NR-DC and EN-DC operation mode,
-	SCell in SA, NR-DC, NE-DC or EN-DC operation mode,
-	Deactivated PSCell in NR-DC and EN-DC operation mode






The RS resource configurations in the set  on PCell, PSCell or deactivated PSCell (if configured with bfd-and-RLM with value true) can be periodic CSI-RS resources and/or SSBs. RS resource configuration in the set  on SCell shall be periodic CSI-RS. UE is not required to perform beam failure detection outside the active DL BWP except for the UE capable of [BM/RLM/BFD based on SSB outside the active BWP without interruptions] performing SSB based beam failure detection. UE is not required to meet the requirements in clause 8.5.2 and 8.5.3 if UE does not have set . UE is not required to perform beam failure detection on a deactivated SCell, and also not required to perform beam failure detection on resources which is implicitly configured for a deactivated SCell. When more than 2 periodic CSI-RS resources on a CC are configured in the set  for current SCell or implicitly configured in the set  for other SCell, it is up to UE implementation to select two of CSI-RS resources in active BWP in current CC to perform beam failure detection. UE is not required to perform beam failure detection on a SCell on which  is not configured. 
8.5.2.1	Introduction

The requirements in this clause apply for each SSB resource in the set  configured for a serving cell, provided that the SSB configured for beam failure detection is actually transmitted within the UE active DL BWP except the SSB configured for beam failure detection for the UE capable of [BM/RLM/BFD based on SSB outside the active BWP without interruptions], during the entire evaluation period specified in clause 8.5.2.2. The requirements in this clause could not be applicable if UE is required to perform beam failure detection on more than 1 serving cell per band.
8.5.5.1	Introduction
The requirements in this clause apply for each SSB resource in the set [image: ] configured for a serving cell, provided that the SSBs configured for candidate beam detection are actually transmitted within UE active DL BWP during the entire evaluation period specified in clause 8.5.5.2 except for the UE capable of [BM/RLM/BFD based on SSB outside the active BWP without interruptions]. The requirements in this clause apply when UE is required to perform beam failure detection on no more than 1 serving cell per band.
9.5	L1-RSRP measurements for Reporting
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 except on the SSB configured for L1-RSRP measurements for the UE capable of [BM/RLM/BFD based on SSB outside the active BWP without interruptions].
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, 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.
9.8	L1-SINR measurements for Reporting
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 except on the SSB configured for L1-SINR measurements for the UE capable of [BM/RLM/BFD based on SSB outside the active BWP without interruptions].
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 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.

Summary
This paper has further analyzed the requirements for RLM and LRP for the UE capable of option B-1-1 i.e. for the UE supporting BM/RLM/BFD based on SSB outside the active BWP without interruptions. The following are the observations and proposals:
· Observation #1: The option B-1-1 means the UE meets the RLM/LRP requirements provided that the SSB is anywhere within the UE-specific channel bandwidth. 
· Observation #2: The SSB being outside the active BWP will not impact the evaluation periods of the measurements performed for radio link monitoring (RLM) and link recovery procedure (LRP).
· [bookmark: _Hlk131499705]Proposal #1: The existing evaluation periods of the following measurements related to the SSB-based RLM and the SSB-based LRP defined in TS 38.133 shall also apply for the UE supporting [BM/RLM/BFD based on SSB outside the active BWP without interruptions] regardless of whether the SSB is outside the active BWP or not, and provided that the SSB is within the UE-specific channel BW:
· Out-of-sync detection, 
· In-sync detection, 
· Beam failure detection (BFD),
· Candidate beam detection (CBD),
· L1-RSRP,
· L1-SINR.
· Proposal #2: The existing SSB-based RLM and the SSB-based LRP requirements in clauses 8.1, 8.5, 9.5 and 9.8 in TS 38.133 are made applicable for UE supporting [BM/RLM/BFD based on SSB outside the active BWP without interruptions] without the restriction (for this UE capability) that the SSB has to be within the active BWP. 
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