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Introduction
In this contribution, we provide further discussion on how to define L1-RSRP measurement requirements for a cell with PCI different from serving cell.
Discussion
In R17, the SSB of a cell with PCI different from serving cell PCI can be configured for L1-RSRP measurement reporting. How to define L1-RSRP measurements for cell with different PCI needs to be discussed. RAN4 agreed that inter-cell L1-RSRP measurements for cell with different PCI will be separately defined for known cell and unknown cell. RAN4 has achieved the following agreements on known conditions for cell with different PCI.
	· Known condition for cell with different PCI shall include at least 
· RAN1 agreements for non-serving cell, i.e., same center frequency, SCS, SFN offset 
· Cell detectable condition (FFS : existing intra-frequency measurement can be reused) 
· Timing alignment between serving cell and cell with different PCI are within CP 
· FFS other conditions 


The center frequency and SCS of the SSB of the cell with different PCI are same as the center frequency and SCS of the SSB of serving cell, which satisfy the definition of intra-frequency cell in TS38.133. The cell with different PCI shall be identified and meet the intra-frequency cell identification requirements before UE performs L1-RSRP measurements on the cell with different PCI. Hence, the existing intra-frequency cell detectable conditions can be reused for the cell configured for L1-RSRP measurements. Besides, the cell with different PCI is assumed to have same SFN offset as serving cell and timing alignment is within CP. Therefore, the UE can assume frame boundary alignment is within CP.
Proposal 1: For L1-RSRP measurement on cell with different PCI, the known conditions for cell with different PCI can be defined as follows:
· The cell with PCI different is an intra-frequency cell.
· The cell with PCI different has been identified and meets the existing intra-frequency cell detectable conditions defined in clause 9.2.5 during the last 5 seconds.
· Timing alignment between the serving cell and the cell with different PCI are within CP length.
In RAN4, the Rx beam assumption for L1-RSRP measurements on cell with different PCI has also been separately discussed for outside SMTC case and inside SMTC case. For outside SMTC case, RAN4 agreed that the Rx beam assumption of serving cell is used for cell with different PCI, which means that UE performs L1-RSRP measurements on the SSB associated with different PCI by using fine beam. Since R15, it is common understanding that rough beam is assumed for L3 measurement and fine beam is assumed for L1 measurement. For within SMTC case, the UE is not required to perform measurements on the SSB within SMTC by using both rough beam and fine beam, i.e. UE is not required to perform L1 measurement and L3 measurement simultaneously. UE is required to perform one of but not both L1 measurement and L3 measurement for the SSB within SMTC. How to share the measurement occasions between L1 measurement and L3 measurement can follow the existing factor P used for L1-RSRP measurements on serving cell.
Proposal 2: It is suggested that fine beam is always assumed for L1-RSRP measurements on cell with different PCI, regardless of outside SMTC or inside SMTC.
Proposal 3: When the SSB associated with different PCI is within SMTC, UE is required to perform one of but not both L1 measurement and L3 measurement. 
Proposal 4: For L1-RSRP measurements on cell with different PCI, whether and how to perform L1 measurement inside SMTC follows the existing definition of sharing factor P used for L1-RSRP measurements on serving cell.
In RAN1, the following agreements have been achieved on the indication of SSB with different PCIs.
	Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, a CSI-SSB-ResourceSet configured for L1-RSRP measurement/reporting includes at least a set of SSB indices where PCI indices are associated with the set of SSB indices, respectively. The PCI indices refer to PCIs within the set of PCIs configured for inter-cell beam management or inter-cell multi-TRP.
· The additionalInfo associated with SSB(s) with PCI(s) different from the serving cell agreed in RAN1 Agenda Item 8.1.2.2 is also applicable to inter-cell BM
· Detailed signaling design is up to RAN2
· FFS (to be concluded in RAN1#107-e): Whether the above L1-RSRP measurement/reporting also includes group-based beam report for inter-cell mTRP

Agreement 
· Center frequency, SCS, SFN offset are assumed to be the same for SSBs from the serving cell and the configured SSBs with PCI different from the serving cell for inter-cell multi TRP operation.
· The information related to “SSB time domain position” for SSB with PCI different from the serving cell consists of [halfFrameIndex and] ssb-PositionsInBurst



It is assumed that the cell with different PCI have same SFN offset as serving cell and timing alignment between serving cell and the cell with different PCI is within CP.
When the SSB index of cell with different PCI indicated for L1-RSRP measurements are different with the SSB index of serving cell, it can be assumed SSBs of serving cell and cell with different PCI are non-overlapped. The existing L1-RSRP measurement requirements for serving cell can be reused for cell with different PCI.
Proposal 5: When SSB of cell with different PCI is non-overlapped with SSB of serving cell, the existing SSB based L1-RSRP measurement requirements for serving cell can be reused for cell with different PCI.
When the SSB index of cell with different PCI indicated for L1-RSRP measurements are the same as the SSB index of serving cell, it means SSBs of serving cell and cell with different PCI will be partially or fully overlapped. For this case, new sharing factor can be introduced for L1-RSRP measurements on both serving cell and the cell with different PCI. The new sharing factors (PSC and PNSC) used for L1-RSRP measurements on serving cell and on the cell with different PCI can be summarized as Table 1.
Table 1: Values of sharing factor PSC and PNSC
	#
	Scenario
	PSC
	PNSC

	1
	TSSB,SC = TSSB,NSC ≤ TSMTC
	2
	2

	2
	TSSB,SC < TSSB,NSC = TSMTC, or
TSSB,NSC < TSSB,SC = TSMTC
	1
	1

	3
	TSSB,SC < TSSB,NSC < TSMTC
	
	1

	4
	TSSB,NSC < TSSB,SC < TSMTC
	1
	


Where, TSSB,SC is SSB periodicity of serving cell, TSSB,NSC is SSB periodicity of cell with different PCI, and TSMTC is SMTC periodicity. SSB of serving cell is assumed to be partially or fully overlapped with SMTC, and SSB of cell with different PCI is also assumed to be partially or fully overlapped with SMTC.
For scenario#1, serving cell and the cell with different PCI have the same SSB periodicity, L1-RSRP measurement opportunities are equally shared between serving cell and the cell with different PCI.
For scenario#2, serving cell and the cell with different PCI have different SSB periodicities and one of them equals to SMTC periodicity. The cell with same periodicity as SMTC will use the measurement opportunities within SMTC, and the other cell with shorter periodicity than SMTC will use the measurement opportunities outside SMTC. So, there is no sharing between two cells.
For scenario#3, SSB periodicities of serving cell and the cell with different PCI are both shorter than SMTC periodicity. UE performs L1-RSRP measurements outside SMTC for both serving cell and the cell with different PCI. Since SSB periodicity of serving cell is shorter than SSB periodicity of cell with different PCI, UE performs L1-RSRP measurements on SSB occasions of serving cell which are not overlapped with SSB of cell with different PCI. 
For scenario#4, SSB periodicities of serving cell and the cell with different PCI are also both shorter than SMTC periodicity. UE performs L1-RSRP measurements outside SMTC for both serving cell and the cell with different PCI. Since SSB periodicity of cell with different PCI is shorter than SSB periodicity of serving cell, UE performs L1-RSRP measurements on SSB occasions of cell with different PCI which are not overlapped with SSB of serving cell.
Proposal 6: When SSB of cell with different PCI is partial or fully overlapped with SSB of serving cell, L1-RSRP measurement requirements for cell with different PCI can be defined based the existing SSB based L1-RSRP measurement requirements for serving cell, and new sharing factor will be introduced to SSB based L1-RSRP measurement requirements for both serving cell and the cell with different PCI, which can be defined as follow:
	#
	Scenario
	PSC
	PNSC

	1
	TSSB,SC = TSSB,NSC ≤ TSMTC
	2
	2

	2
	TSSB,SC < TSSB,NSC = TSMTC, or
TSSB,NSC < TSSB,SC = TSMTC
	1
	1

	3
	TSSB,SC < TSSB,NSC < TSMTC
	
	1

	4
	TSSB,NSC < TSSB,SC < TSMTC
	1
	

	Note: PSC is the new sharing factors used for L1-RSRP measurements on serving cell, and PNSC is the new sharing factors used f.or L1-RSRP measurements on cell with different PCI


When SSB of cell with different PCI is overlapped with CSI-RS of serving cell, the existing measurement restriction requirements can be applied, and there is no need to introduce additional sharing.
Proposal 7: When SSB of cell with different PCI is partial or fully overlapped with CSI-RS of serving cell, the existing measurement restriction requirements can be reused and there is no need to define additional sharing factor for CSI-RS based L1 measurements.
Conclusions
This contribution provides our analysis on L1-RSRP measurement requirements for inter-cell beam management in NR FeMIMO. The following are provided:
Proposal 1: For L1-RSRP measurement on cell with different PCI, the known conditions for cell with different PCI can be defined as follows:
· The cell with PCI different is an intra-frequency cell.
· The cell with PCI different has been identified and meets the existing intra-frequency cell detectable conditions defined in clause 9.2.5 during the last 5 seconds.
· Timing alignment between the serving cell and the cell with different PCI are within CP length.
Proposal 2: It is suggested that fine beam is always assumed for L1-RSRP measurements on cell with different PCI, regardless of outside SMTC or inside SMTC.
Proposal 3: When the SSB associated with different PCI is within SMTC, UE is required to perform one of but not both L1 measurement and L3 measurement. 
Proposal 4: For L1-RSRP measurements on cell with different PCI, whether and how to perform L1 measurement inside SMTC follows the existing definition of sharing factor P used for L1-RSRP measurements on serving cell.
Proposal 5: When SSB of cell with different PCI is non-overlapped with SSB of serving cell, the existing SSB based L1-RSRP measurement requirements for serving cell can be reused for cell with different PCI.
Proposal 6: When SSB of cell with different PCI is partial or fully overlapped with SSB of serving cell, L1-RSRP measurement requirements for cell with different PCI can be defined based the existing SSB based L1-RSRP measurement requirements for serving cell, and new sharing factor will be introduced to SSB based L1-RSRP measurement requirements for both serving cell and the cell with different PCI, which can be defined as follow:
	#
	Scenario
	PSC
	PNSC

	1
	TSSB,SC = TSSB,NSC ≤ TSMTC
	2
	2

	2
	TSSB,SC < TSSB,NSC = TSMTC, or
TSSB,NSC < TSSB,SC = TSMTC
	1
	1

	3
	TSSB,SC < TSSB,NSC < TSMTC
	
	1

	4
	TSSB,NSC < TSSB,SC < TSMTC
	1
	

	Note: PSC is the new sharing factors used for L1-RSRP measurements on serving cell, and PNSC is the new sharing factors used f.or L1-RSRP measurements on cell with different PCI


Proposal 7: When SSB of cell with different PCI is partial or fully overlapped with CSI-RS of serving cell, the existing measurement restriction requirements can be reused and there is no need to define additional sharing factor for CSI-RS based L1 measurements.
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