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1. Introduction
[bookmark: _Hlk142416711]In the RAN4#108 meeting, there were further discussions on L1 and L3 measurements for options supporting BWP operation without restriction. Following agreements on option B-1-1, C and option B-1-2 were made and captured in the WF [1].
	Issue 3-1: Applicable conditions of existing RLM/BFD/BM requirements for Option B-1-1
· For a UE capable of supporting Option B-1-1, the UE is required to meet BM/RLM/BFD requirements without interruptions if CD-SSB is within the channel bandwidth of the UE.
· The applicable conditions are to be updated in requirements in clauses 8.1.1, 8.1.2, 8.5.1, 8.5.2, 8.5.5, 9.5.1, 9.8.1.
· Note: additional conditions can be considered subject to RAN1 agreements
Issue 3-4: Clarification/modification on requirements for intra-frequency measurements without gaps requirements for supporting option B-1-1
· From RAN4 perspective same UE feature group can be used for support of Option B-1-1 RLM/BFD/BM and L3 intra-frequency measurements
· For UE capable of supporting Option B-1-1, the requirements in section 9.2.5 for Intra-frequency measurements without measurement gaps are applicable if CD-SSB is within the channel bandwidth of the UE.
· Note: additional conditions can be considered subject to RAN1 agreements
· FFS:  How would UE report NeedForGap/NeedForGapNCSG with ‘no-gap’ for intra-frequency measurement when supporting of option B-1-1 is indicated already?

Issue 4-1: Applicable conditions of existing RLM/BFD/BM requirements for Option C
· Clarify in RLM/BFD/BM measurement requirements in clauses 8.1, 8.5, 9.5 and 9.8 that the SSB and SMTC applies for CD-SSB and NCD-SSB if the UE is capable of supporting Option C. Detailed wording is up to CR stage discussion.
Issue 4-3: Clarification on existing timing requirements for supporting Option C
· In Rel-18, it is clarified in clause 7.1.2 by adding one sentence “the SSB includes CD-SSB and NCD-SSB for UE capable of option C”. 
Issue 4-4: Spec impact on intra-frequency measurement requirements for UE supporting option C
· Spec impact on intra-frequency measurement requirements for UE supporting option C 
· The requirements for L3 intra-frequency measurements are based on the existing requirements in 9.1.
· The SSB and SMTC in section 9.1.1 applies for both CD-SSB and NCD-SSB for the UE capable of option C, i.e., use the same text as for RedCap.
· The reference SSB definition for non-RedCap should be captured in clause 9.2.1 with the same definition as for RedCap.
· Note: alignment with RAN2 terminology is needed
· From RAN4 perspective same UE feature group can be used for support of NCD-SSB based RLM/BFD/BM and L3 intra-frequency measurements
Issue 4-5: Requirements for transition between CD-SSB and NCD-SSB for supporting option C
· The intra-/inter-frequency definition and requirements for transition between CD-SSB and NCD-SSB for L3 measurement from RedCap can be re-used for UE supporting option C by defining requirements in clause 9.1.6.

Issue 5-2: Interruption requirements for supporting option B-1-2
· Introduce interruption length and interruption ratio requirements for Option B-1-2
Issue 5-5: RLM/BFD/BM requirements for Option B-1-2
· For a UE capable of supporting Option B-1-2, the UE is allowed to cause interruptions to meet CD-SSB based BM/RLM/BFD requirements if CD-SSB is within the channel bandwidth of the UE but outside of active BWP.
· The interruption requirements are FFS
· If the existing BM/RLM/BFD requirements can be reused is depending on how interruption ratio is defined.
· The requirements are defined based on the assumption that there is no CSI-RS, no NCD-SSB and no CD-SSB configured for RLM/BM/BFD in the active BWP of the corresponding carrier(s) to be measured.
· The applicable conditions are to be updated in requirements in clauses 8.1.1, 8.1.2, 8.5.1, 8.5.2, 8.5.5, 9.5.1, 9.8.1.
· Note: additional conditions can be considered subject to RAN1 agreements


In this contribution, we further provide our views on RRM requirements for option A, C, B-1-1 and B-1-2 for BWP operation without restriction.

2. [bookmark: _Hlk73468315]Discussion on Option A
For option A, the remaining open issue is about timing requirements that if any clarification is needed. The options for further discussion are captured in the WF [1].
	Issue 2-2: Any clarification on existing timing requirements when CD-SSB is outside active BWP
· Option 1: 
· No clarification on existing timing requirements when CD-SSB is outside active BWP is needed
· Option 2: 
· In Rel-18, it is clarified in clause 7.1.2 by adding one sentence “the SSB is within the channel BW of the UE”.


Actually, the timing requirements for option A and option B-1-1/B-1-2 would be the same that it is based on the SSB outside active BWP. In the past meeting, it was agreed that for option B-1-1 the conclusion on timing requirements for option A is followed.
	Issue 3-3: Clarification on existing timing requirements for supporting Option B-1-1
· Option 1: 
· Follow conclusion of issue 2-2 (agreements in the last meeting).
· Option 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


Therefore, the timing requirements for option A, option B-1-1 and option B-1-2 are discussed together. 
In the last meeting, it was agreed that for UE performing L1 measurements the CD-SSB is within the channel bandwidth of the UE.
	For a UE capable of supporting Option B-1-1, the UE is required to meet BM/RLM/BFD requirements without interruptions if CD-SSB is within the channel bandwidth of the UE.


The condition is also necessary to be captured in the timing requirements. If CD-SSB is outside the channel bandwidth of the UE, it is not possible for the UE to meet the timing requirements. Moreover, it also includes the case that the CD-SSB is outside active BWP. This is aligned with RAN4 understanding on timing requirements that UE should meet the timing requirements regardless of whether the SSB is within active BWP or not.
Proposal 1: It is clarified in existing timing requirements for non-RedCap UE that the SSB is within the channel bandwidth of the UE.

3. Discussion on Option C
3.1 Handover requirements
For requirements except interruption for option B-1-2, there was a proposal to reuse similar conclusion for option B-1-1. However, it was not agreed due to it is too generic. Therefore, it is necessary to decide these requirements for option B-1-2 firstly.
In the RAN#101 plenary meeting, new objective to specify necessary requirements for handover cases same as RedCap for option C was approved as in revised WID [2].
	3) Specify the necessary requirements to support the additional handover cases same as for RedCap (RAN4)
· For Option C
· Specify handover requirements for the additional handover cases based on existing RedCap handover requirements.
Deprioritize the scenarios except for the scenario of handover from NCD-SSB in the active BWP of source cell to NCD-SSB in the active BWP of target cell.
Note: Handover requirements for RedCap UE with 2 Rx antennas are reused as much as possible.


The principle is to reuse requirements for RedCap as much as possible. In existing RedCap requirements, there are definition of intra-frequency measurement and applicable condition as below.  
	6.1D	Handover for RedCap
6.1D.1	NR Handover
6.1D.1.1	Introduction
The purpose of NR handover is to change the NR PCell to another NR cell for RedCap UE. The requirements in this clause are applicable to SA NR.
Editor notes: The intra-frequency handover definition of no SSB within the active DL BWP of the serving/target cell is FFS.
Handover for a RedCap UE is defined as intra-frequency handover if the center frequency and subcarrier spacing (SCS) of the reference SSB of the serving cell is same as the center frequency and SCS of the reference SSB of the target cell, where:
· The reference SSB of the serving cell is the SSB in the active DL BWP of serving cell 
· The reference SSB of the target cell is the SSB in the first active DL BWP of the target cell upon reconfiguration.
The requirements in this clause apply for the following handover scenarios:
· Handover to a target cell’s initial DL BWP associated with CD-SSB;
· Handover to a target cell’s Redcap specific DL BWP associated with NCD-SSB.


There is no such requirement for non-RedCap. Thus, corresponding requirements should be added and RedCap requirements can be reused in general.
One point is that the UE may handover to a BWP with CD-SSB of the target cell which is not initial DL BWP. It would be better to use first active DL BWP instead.
Proposal 2: Definition of intra-frequency handover is introduced for non-RedCap and it is to reuse definition for RedCap.
Proposal 3: For UE supporting option C, the handover requirements are applicable for the scenarios
· Handover to the first active DL BWP of the target cell associated with CD-SSB;
· Handover to the first active DL BWP of the target cell associated with NCD-SSB;

There are requirements for UE operating with 2Rx antennas being specified for RedCap. 
	When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
Tsearch is the time required to search the target cell which depends on whether the target cell is already known when the handover command is received by the UE. 
-	If the target cell is a known intra-frequency cell, Tsearch = 0ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 1*Trs ms if UE is capable of 2 Rx antennas; Tsearch = 2*Trs ms if UE is only required to support 1 Rx antenna.
-	If the target cell is a known inter-frequency cell, then 
if the measured SSB is the target SSB for HO of the target cell, Tsearch = 0ms; 
if the measured SSB and the target SSB for HO belong to the same NR target cell and fulfil the following conditions, Tsearch = Trs ms:
· CD-SSB in initial DL BWP is the measured SSB and NCD-SSB in RedCap specific DL BWP is the target SSB for HO
· NCD-SSB in RedCap specific DL BWP is the measured SSB and CD-SSB in initial DL BWP is the target SSB for HO
· Both measured SSB and the target SSB for HO are NCD-SSBs within different RedCap specific DL BWPs
Otherwise, the target cell is an unknown inter-frequency cell. In this case, if the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs ms if the UE is operating with 2 Rx antennas; Tsearch = 5*Trs ms if UE is operating with only 1 Rx antenna.


Thus, the handover requirements for 2Rx antennas RedCap UE can be directly reused for non-RedCap UE. 
The comparison of Redcap handover requirements and legacy handover requirements is summarized in the Table 1 below.
Table 1. Comparison of handover requirements for RedCap and non-RedCap
	　
	　
	RedCap requirements
	　
	Legacy requirements

	　
	　
	known intra-frequency cell
	
	target cell is known (intra)

	　
	　
	Tsearch = 0ms
	
	Tsearch = 0ms

	　
	　
	
	
	　

	　
	　
	unknown intra-frequency cell
	
	unknown intra-frequency cell

	　
	　
	Tsearch = 1*Trs
target cell Es/Iot≥-2 dB
if UE is capable of 2 Rx antennas
	
	Tsearch = 1*Trs
target cell Es/Iot≥-2 dB

	　
	　
	
	
	　

	　
	　
	known inter-frequency cell
	
	　target cell is known (inter)

	measured SSB
	target SSB for HO of the target cell
	　
	
	　

	same
	Tsearch = 0ms
	
	　Tsearch = 0ms

	CD-SSB
	NCD-SSB
	Tsearch = 1*Trs
	
	　

	NCD-SSB
	CD-SSB
	
	
	　

	NCD-SSB
	NCD-SSB
	
	
	　

	　
	　
	
	
	　

	　
	　
	unknown inter-frequency cell
	
	unknown inter-frequency cell

	　
	　
	Tsearch = 3*Trs
target cell Es/Iot≥-2 dB
if UE is capable of 2 Rx antennas
	　
	Tsearch = 3*Trs
target cell Es/Iot≥-2 dB


It can be seen that missing requirements for non-RedCap UE supporting option C are for the known inter-frequency cases which are highlighted in yellow in the RedCap requirements and in Table 1.
If the SSB associated with first active DL BWP of the target cell is different from the measured SSB, then the UE needs one SSB for fine timing tracking even if it is known inter-frequency cell regardless of 2Rx UE or 1Rx UE. The same principle should be applied for option C.
For RedCap, the requirements are same for the three cases where measured SSB is different from target cell’s SSB associated with first active BWP regardless of NCD-SSB or CD-SSB. For non-RedCap all of three cases should also be supported as there is no extra work. 
Proposal 4: For UE supporting option C, the handover requirements for known inter-frequency cell are specified as follows.
if the measured SSB is the target SSB for handover of the target cell, Tsearch = 0ms; 
if the measured SSB and the target SSB for handover belong to the same NR target cell and fulfil the following conditions, Tsearch = Trs ms:
-	CD-SSB in initial DL BWP is the measured SSB and NCD-SSB in first active DL BWP is the target SSB for handover
-	NCD-SSB in DL BWP is the measured SSB and CD-SSB in initial DL BWP is the target SSB for handover
-	Both measured SSB and the target SSB for handover are NCD-SSB within different DL BWPs

3.2 NCD-SSB for CA
There was proposal on how the measurement on SCell is performed if NCD-SSB is supported.
	Issue 4-6: SSB configuration for UE supporting option C
· FFS: 
· For a non-RedCap UE supporting Option C, the Rel-17 NCD-SSB based L3 measurement and mobility requirements are adopted. When the UE is in a CA mode, a measurement resource on an SCell is assumed as below depending on the state of the cell:
· When the SCell is deactivated
· CD-SSB indicated by servingCellMO in ServingCellConfig.
· During SCell activation
· NCD-SSB in the first active BWP for AGC/time/freq tracking, etc.
· When the SCell is activated and the first active BWP is in a dormant state
· NCD-SSB in the first active BWP for L1 and L3 measurements


In our understanding, support of NCD-SSB for CA has not been introduced. NCD-SSB was mainly targeted for RedCap though it was already supported from Rel-15. Since CA/DC is not supported for RedCap, it would be natural that NCD-SSB is not supported for CA/DC.
It should be up to RAN2 to decide whether and how it will be supported. The issue would be triggered by sending an LS to RAN2.
Proposal 5: Whether and how to support NCD-SSB for CA is discussed in RAN2 and an LS is helpful.

4. Discussion on Option B-1-1
For option B-1-1, the open issue is about the relationship/dependency of UE indicating option B-1-1 and NeedForGapsInfoNR / NeedForGapNCSG-InfoNR.
	Issue 3-4: Clarification/modification on requirements for intra-frequency measurements without gaps requirements for supporting option B-1-1
· From RAN4 perspective same UE feature group can be used for support of Option B-1-1 RLM/BFD/BM and L3 intra-frequency measurements
· For UE capable of supporting Option B-1-1, the requirements in section 9.2.5 for Intra-frequency measurements without measurement gaps are applicable if CD-SSB is within the channel bandwidth of the UE.
· Note: additional conditions can be considered subject to RAN1 agreements
· FFS:  How would UE report NeedForGap/NeedForGapNCSG with ‘no-gap’ for intra-frequency measurement when supporting of option B-1-1 is indicated already?


The NeedForGapsInfoNR / NeedForGapNCSG-InfoNR is dynamic UE capability indication in the UE response to a network configuration RRC message, while indication of supporting option B-1-1 is static UE capability indication. Thus, NeedForGapsInfoNR / NeedForGapNCSG-InfoNR indication should not conflict with Option B-1-1 UE capability.
If UE indicates supporting of option B-1-1 on a band of a band combination, then when UE response to RRC configuration with the band combination, the UE should set NeedForGapsIntraFreq with ‘no-gap’ or intraFreq-needForNCSG with ‘nogap-noncsg’ for the band. The UE behavior should be captured in RAN2 specification and LS to RAN2 is needed.
Proposal 6: If UE indicates supporting of option B-1-1 on a band of a band combination, then when UE responses to RRC configuration with the corresponding band combination, the UE should set NeedForGapsIntraFreq with ‘no-gap’ or intraFreq-needForNCSG with ‘nogap-noncsg’ for the serving cells of the band.
Proposal 7: LS to RAN2 if proposal 6 is agreeable.

5. Discussion on Option B-1-2
The RF tuning time for option B-1-2 has not been decided. 
	Issue 5-2a: Interruption length (RF tuning time) for option B-1-2
· Option 1: 
· Interruption length is 0.5ms for FR1 and 0.25ms for FR2. 
· Option 2: 
· Interruption length is 1ms for FR1 and 0.75ms for FR2. 
· [bookmark: _Hlk143732321]Option 3: 
· Interruption length is max (slot length of the cell, 0.5ms) for FR1 and max(slot length of the cell, 0.25ms) for FR2. 


It was already agreed in the RAN4#107 meeting that interruption length (RF tuning time) is [0.5ms] for FR1 and [0.25ms] for FR2. When UE is performing RLM/BFD/BM(L1-RSRP) measurements based on SSB outside active BWP, it may cause interruptions due to RF tuning between larger BW and active BWP. It is reasonable to reuse RF retuning time for measurement gap. Option 2 has doubled RF retuning time and it would lead much longer interruptions than option 1, which would make option B-1-2 less useful.
Proposal 8: RF retuning time is 0.5ms for FR1 and 0.25ms for FR2 for option B-1-2.
Interruption length requirements will be based on RF retuning time. For sync case, it is rounded up to slot granularity. For async case, one additional slot is added.
Proposal 9: Requirements for interruption length is defined in slot granularity by rounding up RF retuning time and 1 additional slot is added for async case.
Depending on UE implementation, it may cause interruptions on each L1 measurements. However, this may have big impact on system throughput. To achieve balance between system performance and UE power consumption, it is proposed that allowed probability of missed ACK/NACK for ALL RLM/BFD/BM(L1-RSRP) measurements based on SSB outside active BWP is 1%. 
Proposal 10: For UE supporting option B-1-2, the probability of missed ACK/NACK is 1% for ALL RLM/BFM/BM(L1-RSRP/L1-SINR) measurements based on SSB outside active BWP.

	Issue 5-4: How interruption requirements for supporting option B-1-2 are captured
· FFS: 
· Interruption requirements for RLM/BFD/BM measurements for UE supporting option B-1-2 are captured in section 8.2.


It is reasonable to capture interruption requirements in section 8.2, which is dedicated for capturing interruption requirements for different features. In this way there will be minimal impact to existing L1 measurement requirements.
Proposal 11: Interruption requirements for RLM/BFD/BM measurements for UE supporting option B-1-2 are captured in section 8.2.

6. Summary
In this contribution, we further provided our views on RRM requirements for all options for BWP operation without restriction. Based on above analysis, following proposals are present.
Proposal 1: It is clarified in existing timing requirements for non-RedCap UE that the SSB is within the channel bandwidth of the UE.
Proposal 2: Definition of intra-frequency handover is introduced for non-RedCap and it is to reuse definition for RedCap.
Proposal 3: For UE supporting option C, the handover requirements are applicable for the scenarios
· Handover to the first active DL BWP of the target cell associated with CD-SSB;
· Handover to the first active DL BWP of the target cell associated with NCD-SSB;
Proposal 4: For UE supporting option C, the handover requirements for known inter-frequency cell are specified as follows.
if the measured SSB is the target SSB for handover of the target cell, Tsearch = 0ms; 
if the measured SSB and the target SSB for handover belong to the same NR target cell and fulfil the following conditions, Tsearch = Trs ms:
-	CD-SSB in initial DL BWP is the measured SSB and NCD-SSB in first active DL BWP is the target SSB for handover
-	NCD-SSB in DL BWP is the measured SSB and CD-SSB in initial DL BWP is the target SSB for handover
-	Both measured SSB and the target SSB for handover are NCD-SSB within different DL BWPs
Proposal 5: Whether and how to support NCD-SSB for CA is discussed in RAN2 and an LS is helpful.
Proposal 6: If UE indicates supporting of option B-1-1 on a band of a band combination, then when UE response to RRC configuration with the band combination, the UE should set NeedForGapsIntraFreq with ‘no-gap’ or intraFreq-needForNCSG with ‘nogap-noncsg’ for the serving cells of the band.
Proposal 7: LS to RAN2 if proposal 6 is agreeable.
Proposal 8: RF retuning time is 0.5ms for FR1 and 0.25ms for FR2 for option B-1-2.
Proposal 9: Requirements for interruption length is defined in slot granularity by rounding up RF retuning time and 1 additional slot is added for async case.
Proposal 10: For UE supporting option B-1-2, the probability of missed ACK/NACK is 1% for ALL RLM/BFM/BM(L1-RSRP/L1-SINR) measurements based on SSB outside active BWP.
Proposal 11: Interruption requirements for RLM/BFD/BM measurements for UE supporting option B-1-2 are captured in section 8.2.
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