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In the last RN4 meeting the WF containing the agreements and open issues related to the RLM/BFD/BM requirements based on option B-1-1 was approved [1] i.e. BM/RLM/BFD based on SSB outside the active BWP without interruption.
This paper further analyzes the open issues related to option B-1-1 identified in the last RAN4 meeting [1].
Analysis of L1-requirements for option B-1-1
Applicable conditions for RLM/BFD/BM requirements for supporting Option B-1-1
The following was agreed in RAN4 regarding the applicability condition for Option B-1-1 [1]:
· Do not introduce new UE and gNB behaviour for option B-1-1 in RAN4 spec. It is up to UE and gNB implementation how option B-1-1 is supported. 
· Do not introduce a new section for RRM requirements for option B-1-1.

The applicable condition for the option B-1-1 depends on the RAN1 definition of B-1-1 feature group. The UE feature group 53-1 for option B-1-1 is defined as follows according to the RAN1 feature list sent in the LS to RAN4 [2]:

1. UE performs RLM/BM/BFD measurements based on CD-SSB without interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of the corresponding carrier(s) to be measured.
2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for SCell
3. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.
Most aspects of the above feature group (53-1) are completed except few remaining issues. Nevertheless, based on the above feature group (53-1) definition, from the RAN4 requirements perspective the applicable condition should be that the UE meets the requirements for supporting Option B-1-1 provided that the CD-SSB is within the bandwidth of the carrier frequency on which the BM/RLM/BFD is performed. 
Impact on UE timing requirements for supporting Option B-1-1
The following was agreed in RAN4 regarding the UE transmit timing requirements for Option B-1-1 [1]:

· Follow conclusion of issue 2-2.
The above statement refers to the outcome of the discussion on the applicability of timing requirements for Option A i.e. when BM/RLM/BFD are measured using CSI-RS and the CD-SSB is outside the active BWP. 
In our contribution on the timing for option A [3], our conclusion is that no clarifications on existing timing requirements are needed when UE performs BM/RLM/BFD based on Option A i.e. when CD-SSB is outside active BWP. Therefore, no clarification is needed for the UE to meet the UE transmit timing requirements when performing BM/RLM/BFD according to option B-1-1.
Requirements for supporting multiple options
In the last RAN4 meeting it was discussed whether to define requirements for the UE supporting any of the multiple options for performing BM/RLM/BFD [1]:

· Issue 1-3: Requirements/UE behaviour for UE supporting both option B-1-1 and C

· Issue 1-4: Requirements/UE behaviour for UE supporting both option B-1-1 and A

· Issue 1-6: Requirements/UE behaviour for UE supporting both option B-1-1 and B-1-2

General principle when multiple multiple options are supported
The UE can support multiple options already since Rel-15. For example, both CSI-RS and CD-SSB can be configured within the BW of the active BWP of the UE. However, no specific UE behaviour is defined. The CSI-RS and CD-SSB based BM/RLM/BFD are independently performed by the UE. If all the necessary conditions are met for both CSI-RS and CD-SSB, then the UE shall perform the BM/RLM/BFD independently for both CSI-RS and CD-SSB. In other words, if the both CSI-RS and CD-SSB are within the active BWP then the UE will perform BM/RLM/BFD independently for both CSI-RS and CD-SSB and meet the corresponding requirements. However, in practice it is highly unlikely that the network will configure both CSI-RS and CD-SSB resources within the active BWP as this involves significant overheads. Nevertheless, the UE behaviour is well defined. 
UE supporting option B-1-1 and option A
Option A is mandatory for the UE. Therefore, according to the general principle since Rel-15 if the UE supports option B-1-1 and if the CSI-RS is within the active BWP then the UE should perform the BM/RLM/BFD according to both options B-1-1 and option A. Therefore there is no need to define any new UE behaviour when the UE supports option B-1-1 and option A. However, in practice it is highly unlikely that the network will also configure CSI-RS within the active BWP for BM/RLM/BFD if the UE supports also option B-1-1.
UE supporting option B-1-1 and option C
When the UE supports NCD-SSB and is within the active BWP then according to TS 38.331, the UE shall use the NCD-SSB for performing BM/RLM/BFD. This behaviour is well defined in the IE BWP-DownlinkDedicated in TS 38.331 as shown below by the yellow shaded text. The IE BWP-DownlinkDedicated is used to configure the dedicated (UE specific) parameters of a downlink BWP.
	BWP-DownlinkDedicated field descriptions

	nonCellDefiningSSB
If configured, the RedCap UE operating in this BWP uses this SSB for the purposes for which it would otherwise have used the CD-SSB of the serving cell (e.g. obtaining sync, measurements, RLM). Furthermore, other parts of the BWP configuration that refer to an SSB (e.g. the "SSB" configured in the QCL-Info IE; the "ssb-Index" configured in the RadioLinkMonitoringRS; CFRA-SSB-Resource; PRACH-ResourceDedicatedBFR) refer implicitily to this NCD-SSB.
The NCD-SSB has the same values for the properties (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) of the corresponding CD-SSB apart from the values of the properties configured in the NonCellDefiningSSB-r17 IE.


Therefore, in summary if the UE supports option B-1-1 and option C, then the UE will perform the BM/RLM/BFD based on the NCD-SSB and not based on option B-1-1. If the network wants the UE uses option B-1-1 for the BM/RLM/BFD then it realize this by avoiding configuring NCD-SSB resources for the BM/RLM/BFD within the active BWP or by simply avoiding configuring NCD-SSB resources for the BM/RLM/BFD. Therefore there is no need to define any new UE behaviour when the UE supports option B-1-1 and option C.
UE supporting option B-1-1 and option B-1-2
Option B-1-1 and option B-1-2 are mutually exclusive since the former shall not cause any interruption while the latter is allowed to cause interruptions. For the UE supporting option B-1-1, it would be completely contradictory that the same UE also indicates that it supports option B-1-2. Similarly, the UE supporting option B-1-2 does not have the means to fully avoid interruptions. Therefore, it would be unrealistic for the UE supporting option B-1-2 to indicate that it also supports option B-1-1. 

In summary supporting both options B-1-1 and B-1-2 is highly unrealistic and impractical case. Therefore, there is no need to define any UE behaviour for UE supporting option B-1-1 and option B-1-2.

Analysis of L3-requirements for option B-1-1
In the last RAN plenary, the WID was revised to include the following new objective related to the layer-3 measurement requirements for option B-1-1 [4]:
2) Specify the necessary requirements to support L3 intra-frequency measurements without gaps (RAN4)
· For Option B-1-1
· Specify applicability of legacy intra-frequency L3 measurements without gap and corresponding UE capabilities, if needed.
· Note: UEs capable of Option B-1-1 BWP operation can optionally support L3 intra-frequency measurements with gaps.
· For Option C
· Specify requirements for L3 intra-frequency measurements based on existing RedCap NCD-SSB requirements.
· Note: further check in RAN #101 on whether any work is required to support L3 intra-frequency measurements without gaps for Option B-1-2 
Based on the above objective, the existing intra-frequency L3 measurements without gap and corresponding UE capabilities are applicable for the UE which supports option B-1-1. This means that the UE capable of option B-1-1 shall meet the intrafrequency measurements without measurement gaps defined in clause 9.2.5 (Intrafrequency measurements without measurement gaps) of TS 38.133. However, the UE can also optionally indicate that it supports L3 intra-frequency measurements with gaps. In the latter case the UE capable of option B-1-1 indicating support for L3 intra-frequency measurements with gap, shall meet the intrafrequency measurements with measurement gaps defined in clause 9.2.6 (Intrafrequency measurements without measurement gaps) of TS 38.133. 
Summary
This paper has further analyzed the open issues related to 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:
Applicable condition for option B-1-1:
· Observation #1: According the RAN1 feature group definition (53-1) for option B-1-1, the UE performs RLM/BM/BFD measurements based on CD-SSB without interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of the carrier to be measured. 
· Proposal #1: The applicable condition: UE supporting Option B-1-1 (FG 53-1) meets the BM/RLM/BFD requirements provided that the CD-SSB is within the bandwidth of the carrier frequency on which the BM/RLM/BFD is performed.
Impact on UE timing requirements for option B-1-1:
· Observation #2: In the existing UE transmit timing requirement in section 7.1 of TS 38.133, there is no condition that the CD-SSB should be within the active DL BWP.
· Observation #3: The interpretation of the existing UE transmit timing requirement in section 7.1 of TS 38.133 is that UE transmit timing requirement applies regardless of whether the SSB is within or outside the active DL BWP.
· Proposal #2: No clarification is needed for the UE to meet the existing UE transmit timing requirements (section 7.1 of TS 38.133) when performing BM/RLM/BFD according to option B-1-1.
Requirements for UE supporting multiple options:
· Observation #4: Multiple options are possible since Rel-15 i.e. both CSI-RS and CD-SSB can be configured for BM/RLM/BFD and can be within the active BWP of the UE. then the UE will perform BM/RLM/BFD independently for both CSI-RS and CD-SSB and meet the corresponding requirements.-SSB or CSI-RS transmission involves additional overheads and increases the BS transmission power.
· Observation #5: Since Rel-15, if both CSI-RS and CD-SSB configured for BM/RLM/BFD are within the active BWP of the UE then the UE performs BM/RLM/BFD independently based on CSI-RS and CD-SSB and meet the corresponding requirements. 
· Observation #6: If the UE supports both option B-1-1 and option A, and the CSI-RS is within the active BWP of the UE then the UE should perform BM/RLM/BFD independently based on CD-SSB (option B-1-1) and CSI-RS (option A).
· Proposal #3: No clarification is needed regarding UE behaviour if the UE supports option B-1-1 and option A.
· Observation #7: According to IE BWP-DownlinkDedicated in TS 38.331, if the UE supports NCD-SSB and is within the active BWP then the UE shall use the NCD-SSB for performing BM/RLM/BFD. 
· Observation #8: If the UE supports both option B-1-1 and option C, and the NCD-SSB is within the active BWP of the UE then the UE should perform BM/RLM/BFD based on NCD-SSB (option C).
· Proposal #4: No clarification is needed no clarification is needed regarding UE behaviour if the UE supports option B-1-1 and option C.
· Observation #9: Option B-1-1 and option B-1-2 are mutually exclusive since the former shall not cause any interruption while the latter is allowed to cause interruptions.
· Observation #10: The case of UE supporting both options B-1-1 and B-1-2 is highly unrealistic and impractical.
· Proposal #5: No clarification is needed regarding UE behaviour if the UE supports option B-1-1 and option B-1-2.
Applicable L3-intra-frequency measurement requirements for option B-1-1:
· Observation #11: According to the revised/updated WID, the existing intra-frequency L3 measurements without gap and corresponding UE capabilities are applicable for the UE supporting option B-1-1.
· Proposal #6: The UE capable of option B-1-1 shall meet the intrafrequency measurements without measurement gaps defined in clause 9.2.5 (Intrafrequency measurements without measurement gaps) of TS 38.133.
· Proposal #7: The UE capable of option B-1-1 indicating support for L3 intra-frequency measurements with gap, shall meet the intrafrequency measurements with measurement gaps defined in clause 9.2.6 (Intrafrequency measurements without measurement gaps) of TS 38.133.
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