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1 Introduction
In RAN4#108 meeting, discussion on RRM core requirements for SSB-less SCell for inter-band CA was conducted and a way forward was agreed. In this contribution, we will further discuss the following issues:
	· Power difference conditions for scenario 1
· L1-RSRP measurement for SSB-less SCell


2 Discussion
Power difference conditions for scenario 1

It’s up to UE implementation whether to use single RF chain or dual RF chain, it’s hard to define separate requirement for different UE implementation. We prefer to define unified requirement for different UE implementations. 
For power imbalance, the existing condition for intra-band CA can be used as starting point for inter-band CA with small frequency gap, i.e. power difference less than 6dB.
When frequency gap between two carrier is larger, it’s possible that power difference is larger than 6dB. Even the TX power of two cells is similar or the TX power offset is indicated, the received signal power may still be quite different as the channel characteristics for different carrier vary a lot. We are open to further discuss whether other RS can be used for AGC calculation.
Proposal 1: For power imbalance, the existing condition for intra-band CA can be used as starting point for inter-band CA, i.e. power difference less than 6dB.
L1-RSRP measurement for SSB-less SCell

	Issue 1-4-1: Whether to have L1 measurement on SSB-less SCell
Proposals
· Proposal 1: L1 measurement on less SCell is not needed. (MTK, CMCC, CATT, Huawei, CTC, ZTE)
· Proposal 1a: For SSB-less SCell activation, when the conditions about RTD, power imbalance and TRS are met, the L1/L3 measurement can be skipped (CATT)
· Proposal 1b: No L1/L3 measurement on the inter-band SSB-less SCell (MTK)
· Proposal 1c: When RTD, power difference conditions are ensured and CSI-RS based L1 measurement is not configured, L1 measurement on SSB-less SCell is not needed. (CMCC)
· Proposal 1d: No new measurement requirement is specified for L1 or L3 measurements for SSB-less SCell operations. (Intel)
· Proposal 1e: When CSI-RS based L1 measurement isn’t configured and the conditions of RTD/power difference/QCL indication defined above are fulfilled, L1 measurement on SSB-less SCell can be skipped. (CTC)
· Proposal 1f: Sharing the L1/L3 measurement results between the SSB-less SCell and reference cell (ZTE)
· Proposal 2: CSI-RS based L1 measurement is needed on SSB-less SCell (Apple, CMCC, SS, Huawei, CTC)
· Proposal 2a: RAN4 to assume no SSB but with CSI-RS resource for L1 measurement on the FR1 inter-band SSB-less SCell (Apple)
· [bookmark: _Hlk135225708]Proposal 2b: If the conditions are not met but CSI-RS based measurement is supported and configured, L1 measurement needs to be specified for SSB-less SCell operation. (CATT)
· Proposal 2c: When CSI-RS resources for L1 measurement are configured, the legacy requirements for CSI-RS based L1 measurement can be reused for SSB-less SCell operation. (Huawei, CMCC, SS, CTC)
· Proposal 3a: RAN4 needs to discuss the impact on the CSI-RS based L1/L3 measurement requirements due to SSB-less SCell operation.  (Nokia)
· Proposal 3b: RAN4 can study whether and how to perform RLM/BFD/CBD on the SSBless SCell based on reference Cell measurement. (QC)



As we know, L1-RSRP provides the instant channel quality and channel characteristics vary a lot for difference carriers. Currently, we suggest that CSI-RS based L1-RSRP measurement will be performed in SSB-less SCell. In certain scenario, L1-RSRP measurement of other cell may be re-used for SSB-less SCell and L1-RSRP measurement of SSB-less SCell can be skipped. These conditions can be discussed later.
Proposal 2: For FR1 inter-band co-located CA, CSI-RS based L1 measurement is needed on SSB-less SCell. 
Current L1-RSRP requirement is defined for a single serving cell and the requirement is not applied for CA when UE is measuring PCell and SCell in parallel.
	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.



Observation 1: Current L1-RSRP requirement is defined for a single serving cell and the requirement is not applied for CA when UE needs to measure PCell and SCell in parallel.
For BFD and CBD for SCell defined in Rel-16, two searcher is assumed and measurement period needs to be scaled by PBFD, which is specified in clause 8.5.3 in 38.133:
		For each CSI-RS resource in the set [image: ] configured for a SCell
-	PBFD = Z in EN-DC or NE-DC or SA.
-	PBFD = 2* Z in NR-DC. 
-	Where Z is the number of band(s) on which UE is performing beam failure detection only for SCell.
Table 8.5.3.2-1: Evaluation period TEvaluate_BFD_CSI-RS for FR1
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	Max(50, Ceil(MBFD  P  PBFD)  TCSI-RS)

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5 × MBFD  P  PBFD)  Max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	Ceil(MBFD  P  PBFD)  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.





For BFD/CBD for SCell assumption, UE would use one of these two searchers for PCell or PSCell measurement and the other searcher would be shared serially among different SCell measurements. 
Observation 2: For measurement period defined in BFD and CBD for SCell in Rel-16, two searchers are assumed and measurement period needs to be scaled by the number of SCell bands.
Similar as BFD/CBD, if there are multiple SCells in different band, measurement period of L1-RSRP measurement needs to be scaled either. For SSB-less SCell, CSI-RS based L1-RSRP can be performed and measurement period needs to be scaled. CSI-RS based L1-RSRP measurement for SCell can be updated as below:
	For CSI-RS based L1-RSRP:
	For each CSI-RS resource configured for a SCell
-	PL1-RSRP = Z in EN-DC or NE-DC or SA.
-	Where Z is the number of band(s) on which UE is performing L1-RSRP only for SCell.
Table 9.5.4.2-1: Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR1
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P* PL1-RSRP)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P* PL1-RSRP)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P* PL1-RSRP)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
Note 3:	K = 1 when TCSI-RS ≤ 40 ms and highSpeedMeasFlag-r16 or highSpeedMeasCA-Scell-r17 are configured; otherwise K = 1.5.
Note 4:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or intraNR-MeasurementEnhancement-r16 or measurementEnhancementCA-r17.






Proposal 3: For L1-RSRP measurement for SCell, two searchers are assumed and measurement period based on CSI-RS needs to be scaled by the number of SCell bands.
3 Conclusion
In this contribution, we provide the following proposals:
Proposal 1: For power imbalance, the existing condition for intra-band CA can be used as starting point for inter-band CA, i.e. power difference less than 6dB.
Proposal 2: For FR1 inter-band co-located CA, CSI-RS based L1 measurement is needed on SSB-less SCell. 
Observation 1: Current L1-RSRP requirement is defined for a single serving cell and the requirement is not applied for CA when UE needs to measure PCell and SCell in parallel.
Observation 2: For measurement period defined in BFD and CBD for SCell in Rel-16, two searchers are assumed and measurement period needs to be scaled by the number of SCell bands.
Proposal 3: For L1-RSRP measurement for SCell, two searchers are assumed and measurement period based on CSI-RS needs to be scaled by the number of SCell bands.
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