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[bookmark: _Hlk78575445]In this contribution, we discuss RRM requirements of inter-cell beam management in FeMIMO.  
Discussion
[bookmark: _Toc5952573]Inter-cell beam management 
In last meeting following WF [1] is agreed. 
· Requirements for inter-cell L1-RSRP measurement
· [bookmark: _Hlk95501465]For inter-cell L1-RSRP measurement performed outside SMTC for FR1 and FR2, the timing offset between a serving cell and a cell with different PCI is within one CP and take one FFT as the assumption 
· RAN4 will further study the measurement behaviour if timing offset is more than CP 
· For inter-cell L1-RSRP measurement performed inside SMTC
· In FR1, FFS for whether UE is able to simultaneous measure L1 for serving cell and non-serving cell within SMTC
· Option 1: UE is able to simultaneous measure L1 for serving cell and non-serving cell within SMTC assuming L1-RSRP is intermediate results of L3-RSRP measurement, i.e., without L3 filter, UE could obtain the L1 results
· Option 2: UE is NOT able to simultaneous measure L1 for serving cell and non-serving cell within SMTC considering side condition (SNR range) is different for L3 and L1 measurement which result in different UE complexity
· FFS: In FR2, requirements will be specified regardless the timing offset assumptions between serving cell and cell with different PCI.
· The same Rx beam assumption as serving cell measurement will be used for cell with different PCI, i.e., rough beam for L3 measurement and fine beam for L1 measurement for outside SMTC 
· RAN4 will further study whether using same RX beam assumption for L3 and L1 inside SMTC
· L1-RSRP measurement requirement for cell with different PCI will be specified for known condition and unknown condition 
· 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 
· RAN4 will further study the flow for L1-RSRP measurement, (e.g., whether the L3 measurement will be configured before L1 measurement configuration.)  
· RAN4 will further study the measurement requirements for L1-RSRP measurement taking the existing R15/16 measurement requirements as starting point
· RAN4 will further study the sharing factor for the case that SSB for serving cell and cell with different PCI are fully overlapped
· For FR1 and FR2, the requirements for L1-RSRP measurement of cell with different PCI will be specified for measurement within STMC and outside SMTC 

While defining the requirements for L1-RSRP of inter-cell BM, RAN4 shall design requirements in forward compatible manner for Rel-18 L1/L2 mobility WI. In previous RAN4 meetings RAN4 agreed to define L1-RSRP requirements when L1-RSRP is measured inside SMTC and outside SMTC for FR1 and FR2. We discuss both the scenarios in subsequent sections. 
Inter-cell BM in FR1
Inside SMTC:
In our understanding for FR1, UE should re-use the L3 measurement framework for L1-RSRP measurement. Since L3-RSRP requirements do not assume within CP time offset and no single FFT restriction, we think for FR1, for inside SMTC, there should not be any restriction w.r.t timing offset and FFT assumption
Proposal 1: For FR1, within SMTC, L3 measurement framework can be reused. That means timing offset and FFT assumption should follow L3 measurement principles.
For defining requirements for L1-RSRP within SMTC, we think we need to consider two scenarios. First one is, SSB configured for L1-RSRP measurement is same or subset of SSB configured for L3-RSRP measurement. In this case, since UE have measured the L3-RSRP, UE can use the intermediate result of L3-RSRP as L1-RSRP. In this case SSB measurement delay is same as L3-RSRP SSB measurement delay. That means no additional delay is needed for this case.
Proposal 2: If SSB configured on NSC for L1-RSRP is subset of SSB configured for L3-RSRP, no additional delay is needed for L1-RSRP measurement and L1-RSRP computed in L3-RSRP can be used for L1-RSRP of NSC.
Second scenario is SSB configured for L1-RSRP is not in the subset of SSB configured for L3-RSRP measurement. In this case, if the SSB is not detected earlier or the cell is not known, UE may need to perform SSB detection and SSB index acquisition and SSB measurement for L1-RSRP, which in principle same as performing intra-frequency measurement. Measurement period for L1-RSRP on NSC can be represented by TL1-RSRP_NSC and is computed as shown below.
TL1-RSRP_NSC= (TPSS/SSS_sync_intra + TSSB_time_index_intra + TL1-RSRP_Measurement_Period_SSB ) ms. 
Where:
	TPSS/SSS_sync_intra: it is the time period used in PSS/SSS detection given in table 9.2.5.1-1, 9.2.5.1-2, 9.2.5.1-4 (deactivated SCell) or 9.2.5.1-5 (deactivated SCell)
	TSSB_time_index_intra: it is the time period used to acquire the index of the SSB being measured given in table 9.2.5.1-3 or 9.2.5.1-6 (deactivated SCell)
	TL1-RSRP_Measurement_Period_SSB: measurement period for SSB based L1-RSRP.

In last meeting, cell known condition is discussed and following is agreed.
· 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 
If  L3-RSRP measurement behaviour is agreed to be reused for L1-RSRP  inside SMTC, using the L3-RSRP assumptions, timing alignment between serving cell and non-serving cell need not be within CP. Therefore, we think timing alignment condition may be only valid for Outside SMTC.
Proposal 3: Known condition for cell with different PCI shall include at least 
· RAN1 agreements for non-serving cell, i.e., same centre 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 for outside SMTC.
Proposal 4: For FR1 and inside SMTC, if SSB configured for L1-RSRP is not subset of SSB configured for L3-RSRP, L1-RSRP measurement delay is TPSS/SSS_sync_intra + TSSB_time_index_intra  + TL1-RSRP_Measurement_Period_SSB_NSC  ms.
Outside SMTC
In general UE is not required to measure L3-RSRP outside SMTC (at least RAN4 did not defined requirements). Similar to inside SMTC scenario, outside SMTC scenario also may have two cases w.r.t SSB configured for L1-RSRP, that is SSB configured for L1-RSRP is within subset of SSB configured for L3-RSRP or SSB configured for L1-RSRP is not within subset of SSB configured for L3-RSRP. 
Similar to inside SMTC scenario, if cell is unknown, UE have to detect SSB read SSB index and perform SSB L1-RSRP measurement. 
Proposal 5: For FR1 and outside SMTC, if the cell is not known, L1-RSRP measurement delay for outside SMTC is TPSS/SSS_sync_intra + TSSB_time_index_intra + TL1-RSRP_Measurement_Period_SSB_NSC  ms.
If more than one non-serving cell is overlapping SSB, our understanding is UE can measure all of them at same time if the number of cells to be measured is within the UE capability of maximum number of cells to be measured. If the number of cells to be measured exceeds the UE capability, SSB can be measured in TDM fashion and hence sharing factor needs to be introduced.
When the SSB are measured in TDM fashion, UE shall be able to adjust FFT timing and measure the neighbouring SSB using serving cell or additional serving cell timing. 
Proposal 6: For FR1 and outside SMTC, when the timing offset between serving cell and non-serving cell is within CP, UE should measure overlapping neighbour cells at the same time. Number of neighbour cells UE can measure at the same time is a UE capability.
Proposal 7: For FR1 and outside SMTC, when the timing offset between serving cell and non-serving cell is not within the CP, UE should measure the neighbour cells in TDM fashion b adjusting the FFT as per the serving cell or additional serving cell timing. 
 Inter-cell BM in FR2
Similar to FR1, we should define requirements for inside SMTC and outside SMTC scenarios for FR2.
Inside SMTC:
In Rel-15, RRM requirements are defined assuming L3 and L1 RSRP inside SMTC use different RX beam and when they are overlapping, sharing factor between L3 and L1 RSRP measurement is defined. However, to have forward compatibility of the requirements, we should treat L1-RSRP of non-serving cell in similar fashion as L3-RSRP measurement. 
Further to enable higher number of non-serving cell measurement, same RX beam can be assumed for L3 and L1 RSRP computation.
Proposal 8: For FR2 and inside SMTC, same RX beam should be assumed for L1 and L3 RSRP for NSC L1-RSRP.
Outside SMTC:
In last meeting it was agreed that the same Rx beam is assumed for SC and NSC.  
In FR2, may be for simplicity of the requirement we could first start with serving and non-serving SSB to be fully overlapped in time and frequency.
Since same RX beam is assumed, and the SSB are overlapping, UE shall be able to measure the all the SSB at the same time based on UE capability. If the SSB to be measured are more than UE capability, sharing factor can be introduced in FR2.
If the SSB are non-overlapping, UE may measure them in TDM fashion. 
Proposal 9: For FR2 and outside SMTC, RAN4 shall initially define requirements for the scenario where SSB of SC and NSC are fully overlapping. 
Proposal 10: For FR2 and outside SMTC, when SSB of SC and NSC(s) are overlapping, UE shall be able to measure the all the SSB at the same time based on UE capability. If the SSB to be measured are more than UE capability, sharing factor to be introduced in FR2.

Number of non-serving TRPs to be measured 
RAN1 is discussing the measurement capability of L1 measurements for non-serving cells and RAN1 sent LS [2] to RAN4 in RAN1#107-e meeting. LS text is copied below for reference.
	On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· [bookmark: _Hlk92636912]FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 

Send an LS to RAN4 to inform and recommend them to investigate the following issue:
· On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the UE behavior when there is overlap for L1-RSRP measurement for SSB associated with serving cell PCI and PCIs different from the serving cell PCI

Note: Discussion in UE feature agenda on this issue is not ruled out




In last RAN1 meeting, the value of X (can be at least 0, 1, 2, 3, and 7 as per previous RAN1 agreements) is agreed to be discussed during UE feature discussion. From the RAN1 agreement, when NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI. By assuming X=7, to support 7 other TRPs measurement, we study if RAN4 need to introduce any additional restrictions or conditions. 
In last meeting RAN4 agreed that “RAN4 develops UE requirements for at least NMAX = 1, where NMAX is the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting”. As per our understanding, it is important for UE to support L1-RSRP measurement on NMAX+1 (where NMAX=X) TRPs for efficient beam management. 
[bookmark: _Hlk85709372]Proposal 11: RAN4 to support L1-RSRP measurement on NMAX+1 TRPs.  
Summary and Conclusion
In this contribution we have analysed RRM requirement for inter-cell beam management operation in FeMIMO and made following proposals. 
Proposal 1: For FR1, within SMTC, L3 measurement framework can be reused. That means timing offset and FFT assumption should follow L3 measurement principles.
Proposal 2: If SSB configured on NSC for L1-RSRP is subset of SSB configured for L3-RSRP, no additional delay is needed for L1-RSRP measurement and L1-RSRP computed in L3-RSRP can be used for L1-RSRP of NSC.
Proposal 3: Known condition for cell with different PCI shall include at least 
· RAN1 agreements for non-serving cell, i.e., same centre 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 for outside SMTC.
Proposal 4: For FR1 and inside SMTC, if SSB configured for L1-RSRP is not subset of SSB configured for L3-RSRP, L1-RSRP measurement delay is TPSS/SSS_sync_intra + TSSB_time_index_intra  + TL1-RSRP_Measurement_Period_SSB_NSC  ms.
Proposal 5: For FR1 and outside SMTC, if the cell is not known, L1-RSRP measurement delay for outside SMTC is TPSS/SSS_sync_intra + TSSB_time_index_intra + TL1-RSRP_Measurement_Period_SSB_NSC  ms.
Proposal 6: For FR1 and outside SMTC, when the timing offset between serving cell and non-serving cell is within CP, UE should measure overlapping neighbour cells at the same time. Number of neighbour cells UE can measure at the same time is a UE capability.
Proposal 7: For FR1 and outside SMTC, when the timing offset between serving cell and non-serving cell is not within the CP, UE should measure the neighbour cells in TDM fashion b adjusting the FFT as per the serving cell or additional serving cell timing.
Proposal 8: For FR2 and inside SMTC, same RX beam should be assumed for L1 and L3 RSRP for NSC L1-RSRP.
Proposal 9: For FR2 and outside SMTC, RAN4 shall initially define requirements for the scenario where SSB of SC and NSC are fully overlapping. 
Proposal 10: For FR2 and outside SMTC, when SSB of SC and NSC(s) are overlapping, UE shall be able to measure the all the SSB at the same time based on UE capability. If the SSB to be measured are more than UE capability, sharing factor to be introduced in FR2.
Proposal 11: RAN4 to support L1-RSRP measurement on NMAX+1 TRPs.  
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