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1. Introduction
RRM requirements of BWP without restriction were extensively discussed in previous RAN4 meetings. The latest agreements can be found in [1]. However, there are still some open issues left. In this contribution, we continue discussing the open issues.
2. Discussion
2.1 General apsect
Issue 1-2: Requirements for handover for Option A, C, B-1-1 and B-1-2
· It is RAN4 understanding that it is beneficial defining requirements for handover to a BWP with NCD-SSB directly for UE supporting option C.
· Whether to define the HO requirements is up to RAN plenary discussion.
In RANP#101, the following new objective was approved in the 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.



We will discuss handover related requirements in section of option C.

Issue 1-3: Requirements/UE behaviour for UE supporting both option B-1-1 and C
· 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.
For UE supporting both option B-1-1 and C, another scenario needs to be discussed is the case wherein UE active BWP does NOT contain neither CD-SSB nor NCD-SSB, shall UE measure CD-SSB or NCD-SSB?
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Figure 1 UE supports both option B-1-1 and C
In the above example, it is common understanding that UE shall measure CD-SSB when BWP2 is the active BWP, while measure NCD-SSB when BWP3 is the active BWP. However, it is unclear which SSB UE shall measure when BWP1 or BWP4 is the active BWP. Some mechanism can be considered here. Technically, UE shall be able to measure any of them as long as both CD-SSB and NCD-SSB are within CBW.
[bookmark: _Ref146097600]Observation 1: for UE supporting both option B-1-1 and C, it is unclear which SSB UE shall measure when active BWP does NOT contain neither CD-SSB nor NCD-SSB. Technically, UE shall be able to measure any of them as long as both CD-SSB and NCD-SSB are within CBW.
For instance, we can leave it to network control. Network explicitly can indicate UE to measure CD-SSB or NCD-SSB when neither of them are contained in the active BWP (network indicates UE to switch between option B-1-1 and C). Alternatively, we can simply assume UE would always measure CD-SSB unless the active BWP contains NCD-SSB. 
[bookmark: _Ref146097606]Proposal 1: for UE supporting both option B-1-1 and C, RAN4 shall discuss which SSB UE shall measure when active BWP does NOT contain neither CD-SSB nor NCD-SSB. Candidate solutions:
· Option 1: Leave it to network control.
· Option 2: UE always measures CD-SSB unless the active BWP contains NCD-SSB.


Issue 1-4: Requirements/UE behaviour for UE supporting both option B-1-1 and A
· Option 1: 
· RAN4 doesn’t need to specifically discuss requirements for UE supporting both option B-1-1 and A since UE can always measure CD-SSB without gap or interruption.
· Option 2: 
· There is no obvious gain if option A and option B-1-1 are supported simultaneously. 
· If it is supported that UE works with option A and option B-1-1 simultaneously, UE behaviour/conditions for RLM/BM/BFD measurements should be defined.
· Option 3: 
· For UE supporting both option B-1-1 and option A, UE shall perform L1 measurement according to network configuration, there is no need to define requirements/ UE behaviour.
· Option 4: 
· If the UE is operating in an active BWP with no NCD-SSB, and no CD-SSB but WITH CSI-RS, then would the UE perform the measurements based on Option B-1-1 or Option A (CSI-RS)?
· Option 5: 
· RAN4 not to define additional requirements or clarify UE behaviour for UE supporting multiple options. 
· Option 6: 
· Whether RAN4 should define requirements for a UE supporting multiple options could be discussed later.
We believe it is unnecessary for UE to measure both CSI-RS and SSB for RLM/BM/BFD simultaneously even if UE supports both option A and option B-1-1. On the other hand, network does not need to configure both option A and B-1-1 simultaneously. Thus, this issue can be avoided.
[bookmark: _Ref146097608]Proposal 2: For UE supporting both option B-1-1 and option A, UE shall perform L1 measurement according to network configuration, there is no need to define requirements/ UE behaviour. 

Issue 1-5: Requirements/UE behaviour for UE supporting both option C and A
· Option 1: 
· For UE supporting both option C and A, when active BWP contains NCD-SSB, RAN4 shall discuss whether RLM/BM/BFD should be based on NCD-SSB or CSI-RS. At least we don’t expect UE needs to monitor both.
· Option 2: 
· UE working with option A and option C simultaneously should be supported and UE behaviour/conditions for RLM/BM/BFD measurements should be defined.
· Option 3: 
· For UE supporting both option C and option A, UE shall perform L1 measurement according to network configuration, there is no need to define requirements/ UE behaviour.
· Option 4: 
· RAN4 not to define additional requirements for UE supporting multiple options.
· Option 5: 
· Whether RAN4 should define requirements for a UE supporting multiple options could be discussed later.
· Option 6: 
· A UE supporting Option C must always additionally support at least on other options (A, B-1-1 or B-1-2).
This issue is similar with issue 1-4 wherein UE supports both option A and B-1-1. Network shall either enable option A (by providing CSI-RS for all candidate BWP) or option C (by configuring BWP to contain either CD-SSB or NCD-SSB), but not both.
[bookmark: _Ref146097610]Proposal 3: For UE supporting both option C and option A, UE shall perform L1 measurement according to network configuration, there is no need to define requirements/ UE behaviour.

2.2 Option A
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”.
We have no strong preference. We are fine with both option 1 and 2. 


2.3 Option B-1-1
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 3-3: 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
We think there is no harm to clarify that the SSB shall be within CBW of the UE.
[bookmark: _Ref146097612]Proposal 4: on existing timing requirements for supporting Option B-1-1, clarify that SSB shall be within the CBW of the UE.

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?
Regarding the FFS part, intra-frequency measurement without gap can also be supported by other features like NeedForGaps and NCSG. To avoid confusion at network side, the feedback of support of intra-frequency measurement without gap from UE shall align among different features. For instance, an option B-1-1 capable UE is expected to indicate ‘no-gap’ via NeedForGaps and ‘nogap-noncsg’ via NCSG for measurement on the same band. Otherwise, network would be confused on whether it shall provide MG for the UE. 
[bookmark: _Ref146097602]Observation 2: there are multiple features in which UE can indicate support of intra-frequency measurement without gap.
[bookmark: _Ref146097615]Proposal 5: the feedback from UE to network on whether MG is needed for measurement on target band shall algin among different features, including option B-1-1, NFG and NCSG. For instance, UE supporting option B-1-1 shall NOT indicate ‘gap’ or ‘ncsg’ in NeedForGaps and NCSG feedback.
Besides, there could be some other implications if UE supports B-1-1. For instance, since UE may always operate with BW=CBW, UE doesn’t need to perform BWP switching in frequency domain. In other word, UE capable of option B-1-1 can support 0ms BWP switching delay if only locationAndBandwidth is changed.
2.3 Option C
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 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
We agree with the first sub-bullet that when SCell is deactivated, UE shall measure CD-SSB. Regarding the last two bullets, we don’t fully understand why UE has to always use NCD-SSB. Especially when the first active BWP contains CD-SSB.

Another issue is about handover requirements. As it is captured in the updated WID, handover requirements for RedCap UE with 2 Rx antennas are reused as much as possible. Only some clarifications are expected to be added to cover NCD-SSB in source and/or target cell. 
[bookmark: _Ref146097617]Proposal 6: for handover requirements for the additional handover cases involving NCD-SSB in source and/or target cell, existing handover requirements for RedCap UE with 2Rx are used as baseline. Wording can be directly discussed in CR.
 
2.24 Option B-1-2
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. 
We support option 3.
[bookmark: _Ref146097619]Proposal 7: Interruption length for option B-1-2: Interruption length is max (slot length of the cell, 0.5ms) for FR1 and max(slot length of the cell, 0.25ms) for FR2.

Issue 5-2b: Interruption length requirements for option B-1-2
· Option 1: Interruption length in number of slots (based on interruption length of 0.5ms for FR1 and 0.25ms for FR2)
Interruption length in NR CA:
Table 2: Interruption due to RLM and RLP measurements on other active serving cell in inter-band NR CA
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	2 

	
	
	Either aggressor cell or victim cell is on FR1
	3

	3
	0.125
	Aggressor cell is on FR2
	4 

	
	
	Aggressor cell is on FR1
	5 

	5
	0.03125
	Aggressor cell is on FR1
	17

	6
	0.015625
	Aggressor cell is on FR1
	33


Table 3: Interruption due to RLM and RLP measurements on other active serving cell in intra-band NR CA
	[image: ]
	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + NSSB

	1
	0.5
	1 + NSSB

	2
	0.25
	2 + NSSB

	3
	0.125
	4 + NSSB

	5
	0.03125
	16 + NSSB

	6
	0.015625
	32 + NSSB

	NOTE: NSSB is the number of slots containing the configured SSB(s) for RLM/BFD, CBD or L1-RSRP/L1-SINR


Interruption length in NR DC:
· For synchronous inter-band NR-DC, the interruption length is the same as in table 2.
· For asynchronous inter-band NR-DC, the interruption length is shown in table 4.
Table 4: Interruption due to RLM and RLM on other active serving cell in asynchronous inter-band NR-DC
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	3 

	
	
	Either aggressor cell or victim cell is on FR1
	4

	3
	0.125
	Aggressor cell is on FR2
	5 

	
	
	Aggressor cell is on FR1
	6 

	5
	0.03125
	Aggressor cell is on FR1
	18

	6
	0.015625
	Aggressor cell is on FR1
	34


Interruption length in EN-DC and NE-DC:
For inter-band EN-DC, the interruption on the active LTE serving cell shall not exceed:
· 1 subframe for synchronous inter-band EN-DC or 
· 2 subframes for asynchronous inter-band EN-DC.
For synchronous intra-band EN-DC, the interruption shall not exceed:
· the duration of NSSB + 2 subframes.
For inter-band NE-DC, the interruption on the active LTE serving cell shall not exceed:
· 1 subframe for synchronous inter-band NE-DC or 
· 2 subframes for asynchronous inter-band NE-DC.
For synchronous intra-band NE-DC, the interruption shall not exceed:
· the duration of NSSB + 2 subframes.
Where, NSSB is the number of slots containing the configured SSB(s) for RLM/BFD, CBD or L1-RSRP/L1-SINR.
· Option 2: Interruption length in number of slots (based on interruption length of 1ms for FR1 and 0.75ms for FR2)

Issue 5-2c: Interruption ratio for option B-1-2
· Option 1: 
· For option B-1-2, the interruption requirements can be defined based on HARQ ACK/NACK loss framework with a maximum missed ACK/NACK rate up to [0.5%]. 
· Option 1a:
· In addition to the maximum length of each interruption, the maximum interruption probability on other active serving cells due to RLM/LRP measurements performed on the serving cell are defined:
· The rate of ACK/NACK feedback loss on any other active serving cell resulting from RLM/BFD measurements on the serving cell shall not exceed 0.5 %.
· The rate of ACK/NACK feedback loss on any other active serving cell resulting from CBD measurements on the serving cell shall not exceed 0.5 %.
· The rate of ACK/NACK feedback loss on any other active serving cell resulting from L1-RSRP/L1-SINR measurements on the serving cell shall not exceed 0.5 %.
· Option 2:
· 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.
· Option 2a:
· The probability of missed ACK/NACK for a UE supporting Option B-1-2, due to interruptions caused by UE performing BM/RLM/BFD measurements based on SSB outside the active BWP, shall not exceed [1.0]%.
· Option 2b:
· In addition to the maximum length of each interruption, the maximum interruption probability on other active serving cells due to RLM/LRP measurements performed on the serving cell are defined:
· The rate of ACK/NACK feedback loss on any other active serving cell resulting from RLM/BFD, CBD and L1-RSRP/L1-SINR measurements on the serving cell shall not exceed 1 %.
· Option 3:
· X%=interruption length * 2 / L1-RS periodicity, where X% is the interruption ratio, interruption length is 0.5ms in FR1 and 0.25ms in FR2, and L1-RS periodicity is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account.
Regarding detailed interruption requirements, we see two alternatives:
1) Define explicit interruption length without mentioning interruption ratio.
2) Define interruption ratio in a general way. 
For alterative 1), typical example could be 0.5ms in FR1 and 0.25ms in FR2. Note that how frequently UE shall perform L1 operation is configurable from network point of view. Once the configuration of L1-RS, SMTC and measurement gap is provided, the L1 operation interval is determined, at least from RAN4 requirement point of view network shall know the interruption ratio. Therefore, it is feasible to only define explicit interruption length without mentioning interruption ratio.
Alternatively, RAN4 can also clearly specify interruption in the format of equation so that it can cover all the configurations. For instance, the ratio can be calculated by X%=interruption length * 2 / L1-RS periodicity, where X% is the interruption ratio, interruption length is 0.5ms in FR1 and 0.25ms in FR2, and L1-RS periodicity is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account. 
[bookmark: _Ref132020032]Proposal 8: the following options can be considered to define interruption for option B-1-2:
· Option 1: define explicit interruption length without mentioning interruption ratio. (preferred)
· Option 2: X%=interruption length * 2 / L1-RS periodicity, where X% is the interruption ratio, interruption length is 0.5ms in FR1 and 0.25ms in FR2, and L1-RS periodicity is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account.

3. Conclusion
In this contribution, we provide discussion on general apsect of BWP without restriction. After discussion, the following conclusions are provided:
Observation 1: for UE supporting both option B-1-1 and C, it is unclear which SSB UE shall measure when active BWP does NOT contain neither CD-SSB nor NCD-SSB. Technically, UE shall be able to measure any of them as long as both CD-SSB and NCD-SSB are within CBW.
Proposal 1: for UE supporting both option B-1-1 and C, RAN4 shall discuss which SSB UE shall measure when active BWP does NOT contain neither CD-SSB nor NCD-SSB. Candidate solutions:
· Option 1: Leave it to network control.
· Option 2: UE always measures CD-SSB unless the active BWP contains NCD-SSB.
Proposal 2: For UE supporting both option B-1-1 and option A, UE shall perform L1 measurement according to network configuration, there is no need to define requirements/ UE behaviour.
Proposal 3: For UE supporting both option C and option A, UE shall perform L1 measurement according to network configuration, there is no need to define requirements/ UE behaviour.
Proposal 4: on existing timing requirements for supporting Option B-1-1, clarify that SSB shall be within the CBW of the UE.
Observation 2: there are multiple features in which UE can indicate support of intra-frequency measurement without gap.
Proposal 5: the feedback from UE to network on whether MG is needed for measurement on target band shall algin among different features, including option B-1-1, NFG and NCSG. For instance, UE supporting option B-1-1 shall NOT indicate ‘gap’ or ‘ncsg’ in NeedForGaps and NCSG feedback.
Proposal 6: for handover requirements for the additional handover cases involving NCD-SSB in source and/or target cell, existing handover requirements for RedCap UE with 2Rx are used as baseline. Wording can be directly discussed in CR.
Proposal 7: Interruption length for option B-1-2: Interruption length is max (slot length of the cell, 0.5ms) for FR1 and max(slot length of the cell, 0.25ms) for FR2.
Proposal 8: the following options can be considered to define interruption for option B-1-2:
· Option 1: define explicit interruption length without mentioning interruption ratio. (preferred)
· Option 2: X%=interruption length * 2 / L1-RS periodicity, where X% is the interruption ratio, interruption length is 0.5ms in FR1 and 0.25ms in FR2, and L1-RS periodicity is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account.
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