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Introduction
In the last RAN4 meeting 101-bis-e, WF for inter-cell beam management has been approved in [1]. In the WF, there are still many outstanding issues to be discussed for defining inter-cell beam measurement and reporting requirements. Basically, the open issues are captured as following: 
	Inter-cell beam management
· Inter-cell L1-RSRP measurement performed inside SMTC
· RX beam assumption for L3 and L1 measurement inside SMTC
· Known condition for cell with different PCI
· The procedure for L1-RSRP measurement on NSC
· the sharing factor for the case that SSB for serving cell and cell with different PCI are fully overlapped
· L1-RSRP measurement requirement for cell with different PCI for known and unknown NSC / for FR1 and FR2


In this contributions, analysis for above open issues of inter-cell beam management and reporting in FeMIMO RRM core part are provided. 
Discussion
In Rel-17, in order to further mTRP scenario, TCI switching to cells with different cell ID from serving cell is introduced. To support TCI switching to cells with different cell ID, L1-RSRP on SSB associated with cell with different cell ID are also introduced. Furthermore, RAN1 additionally agreed the indication of information for cells with different cell ID via serving cells, i.e, 
	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



Therefore, the concept of cells with different cell ID under Rel-17 inter-cell beam management are different from non-serving cell concept in Rel-15/16 RRM requirements. It is better to align the terminology. In summary, the non-serving cell for L1-RSRP in previous RAN4 agreements are referred to configured SSBs with PCI different from serving cell for inter-cell multi TRP operation. With such clarifications, it is better to replace the “non-serving cell (NSC)” with “cell(s) with PCI different from serving cell” in L1-RSRP discussions. But for convenience, we may simply refer it to NSC in our discussion.
Specification Drafting
In the last meeting, the overall specification structure for L1-RSRP measurement for NSC has been agreed as the following table:
	9.12 L1-RSRP measurements for configured SSB with PCI different from serving cell
9.12.1 Introduction 
9.12.2 Requirement applicability 
9.12.3 Measurement reporting requirements 
9.12.4 L1-RSRP measurement requirements
9.12.5 Measurement restriction 
9.12.6 Scheduling availability 


The overall of the structure is referring to the section 9.5 where L1-RSRP measurement for serving cell is defined. But on top of that, contents of some of sub-sections may be different from section 9.5. 
For the specification drafting, it must clarify the requirement is defined for “cell(s) with PCI different from serving cell”. According to RAN1 design, for Rel-17, only the case of intra-DU cell and intra-frequency measurement is considered. For the measurement RS, only SSB-based measurement is supported for this feature. Also for this feature, network would indicate a higher layer parameter [NumberOfAdditionalPCI] as the max number of “NSC” to be measured, which should be lower than UE capability Nmax that denotes the maximal number of “NSC” for UE to measure. Meanwhile, according to RAN1, this feature is devised for NR standalone, not for DC case. For the CR drafting, the fundamental rules designed by RAN1 should be strictly followed and implicitly or explicitly specified in the requirement. All these differences are mentioned in our company CR [2] which is the Introduction of the requirement of this feature.
Observation 1: The feature “L1-RSRP measurement on cell(s) with PCI different from serving cell” is defined for the case of intra-DU and intra-frequency measurement where only SSB-based measurement is supported in NR SA and at most [NumberOfAdditionalPCI] cells can be measured.
For performance part, i.e., accuracy requirements, it has been agreed to reuse the existing accuracy requirements for non-serving cell, to accommodate the measurement accuracy in existing section 10.1.19 and 10.1.20 can be an option with minor changes, e.g., by introducing the below modifications for 10.1.19.1 
	Absolute Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SSB based L1-RSRP in this clause apply to all SSBs of the serving cell and SSB with PCI different from serving cell configured for L1-RSRP measurement.


Inter-cell L1-RSRP measurement performed inside SMTC and The procedure for L1-RSRP measurement on NSC
The most controversial issue in the last meeting is how to perform L1 measurement inside SMTC. In the last meeting, there are two options 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
Most company agreed that UE is able to measure L1-RSRP and L3-RSRP simultaneously as L1 RSRP is single time measurement before filtering. However, others do not agree on that because the SNR range, or side condition, for L1 and L3 measurements are different. From the currently measurement requirement of L1-RSRP for beam reporting and intra-frequency SS-RSRP, it is found that the side condition, for example, for L3-RSRP is SNR≥-6dB while L1-RSRP is SNR≥-3dB. In other words, L1-RSRP measurement needs higher SNR than L3. 
Observation 2: SNR requirement (side condition) for L1-RSRP measurement is higher than L3-RSRP measurement. 
Consider the situation above, the L1-RSRP measurement should be configured provided the L3 measurement is configured before. Network could configure the L1-RSRP on NSC depending on L3 measurement reporting for the target NSC. In principle, if the side condition may be fulfilled after network evaluating, L1-RSRP measurement on NSC could be configured.
Proposal 1: RRM requirement should be applicable for L1-RSRP measurement within SMTC provided the L3 measurement for the same NSC is also configured.
Following this logic, conclusion could be drawn regarding to whether UE is able to simultaneous measure L1 for serving cell and non-serving cell within SMTC.
Proposal 2: For FR1, 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. 
And of course, as we analysed, the L1-RSRP measurement has prerequisite in order to meet the measurement performance requirement. We will later discuss on that point. 

Rx beam assumption for L3 and L1 measurement inside SMTC
And then if the L3 and L1 measurement can be measured at the same time by UE, the Rx beam assumption inside SMTC should also accommodate the design in order to measure L1 and L3 at the same time. Although this kind of design also brings a benefits that the performance would not be impacted by configuring extra L1-RSRP measurement, but for L1-RSRP measurement UE should use the fine beams which is decided by L3 measurement before. Thus it is not a feasible scheme for FR2 case. In FR2, even though L3 measurement should be configured first, UE may need to separately measure L1 RSRP independent of L3 measurement.
Proposal 3: For FR2 measurement inside STMC, the same beam assumption as outside SMTC is reused that fine beam and rough beam is used for L1 and L3 measurement respectively.

Known condition for cell with different PCI
RAN4 has agreed to introduced known condition for configured SSB with PCI different from serving cell in previous RAN4 meeting. Also, RAN has limit the inter-cell beam management scenario to intra-frequency case. In the last meeting, RAN4 agrees the cell known condition for NSC at least include the following items: 
· RAN1 agreements for non-serving cell 
· Cell detectable condition 
· Timing alignment between serving cell and cell with different PCI are within CP 
In current RAN4 specification, the condition of detectable measurement for intra-frequency measurement is 
	The requirements in clause 9.2 apply, provided:
-	The cell being identified or measured is detectable.
An intra-frequency cell shall be considered detectable when for each relevant SSB:
-	SS-RSRP related side conditions given in clauses 10.1.2 and 10.1.3 for FR1 and FR2, respectively, for a corresponding Band,
-	SS-RSRQ related side conditions given in clauses 10.1.7 and 10.1.8 for FR1 and FR2, respectively, for a corresponding Band,
-	SS-SINR related side conditions given in clauses 10.1.12 and 10.1.13 for FR1 and FR2, respectively, for a corresponding Band,
-	SSB_RP and SSB Ês/Iot according to Annex B.2.2 for a corresponding Band.


In our understanding, as analysed, different from cell identified in above requirements, serving cell has already provided the associated information for L1-RSRP measurement for configured SSB with different cell ID. Therefore, as long as the measurement of such SSB with different PCI is detectable, such cell shall be specified as known cell. However, consider it is L1-RSRP measurement, the side condition should follow the existing condition of L1-RSRP measurement for serving cell. Thus, 
An intra-frequency NSC shall be considered detectable when for each relevant SSB:
-	L1-RSRP related side conditions given in clauses 10.1.19 and 10.1.20 for FR1 and FR2, respectively, for a corresponding band are fulfilled.
Proposal 4: An intra-frequency NSC shall be considered detectable when for each relevant SSB existing L1-RSRP related side conditions for a corresponding band are fulfilled, which is one of necessary conditions for known NSC.

L1-RSRP measurement requirement for cell with different PCI for known and unknown NSC / for FR1 and FR2
Based on above understanding, if L1 measurement for SSB with different PCI is performed within SMTC, UE cannot perform L1-RSRP of SSB with different PCIs and L3 measurement simultaneously for known NSC. Therefore, for this case of the L1-RSRP measurement requirements, a scaling factor is needed for L1 and L3 measurement on top of existing serving cell L1 measurement requirement as a baseline.
Observation 3: Based on above assumptions, a scaling factor are needed for L1 and L3 measurement requirement for SSB-based measurement on SC and known NSC.
For L1 measurement for SSB with different PCI outside SMTC, the trade-off between performance degradation caused by scheduling restriction and beam reporting is inevitable and should be considered.
Observation 4: Scheduling availability is needed for L1-RSRP measurement on NSC when the measurement is outside SMTC which may cause transmission performance degradation.
As RAN1 decided, 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. Since the center frequency are the same, then the measurement on NSC can be only for the active BWP. It should also be the RRM requirement for the measurement, similar as existing L1-RSRP measurement.
Proposal 5: RRM requirement for L1-RSRP measurement on NSC should apply to the measurement resources configured as SSBs within the active BWP from the cell to be measured.
Hence the requirement L1-RSRP measurement requirement for serving cell can be reused as the requirement for cell with different PCI provided the NSC is known.
Proposal 6: Following the assumptions in the above proposals, the measurement requirement of L1-RSRP for serving cell can be used as a baseline requirement for cell with different PCI provided the NSC is known. On this basis, for measurement inside SMTC, scaling factor is introduced for the requirement; for the measurement outside SMTC, scheduling availability and measurement restriction could be defined. For unknown NSC, RAN4 can further study how to define the requirement for different cases.
Conclusion 
In this contributions, the following proposals have been provided 
Observation 1: The feature “L1-RSRP measurement on cell(s) with PCI different from serving cell” is defined for the case of intra-DU and intra-frequency measurement where only SSB-based measurement is supported in NR SA and at most [NumberOfAdditionalPCI] cells can be measured.
Observation 2: SNR requirement (side condition) for L1-RSRP measurement is higher than L3-RSRP measurement. 
Proposal 1: RRM requirement should be applicable for L1-RSRP measurement within SMTC provided the L3 measurement for the same NSC is also configured.
Proposal 2: For FR1, 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. 
[bookmark: _GoBack]Proposal 3: For FR2 measurement inside STMC, the same beam assumption as outside SMTC is reused that fine beam and rough beam is used for L1 and L3 measurement respectively.
Proposal 4: An intra-frequency NSC shall be considered detectable when for each relevant SSB existing L1-RSRP related side conditions for a corresponding band are fulfilled, which is one of necessary conditions for known NSC.
Observation 3: Based on above assumptions, a scaling factor are needed for L1 and L3 measurement requirement for SSB-based measurement on SC and known NSC.
Observation 4: Scheduling availability is needed for L1-RSRP measurement on NSC when the measurement is outside SMTC which may cause transmission performance degradation.
Proposal 5: RRM requirement for L1-RSRP measurement on NSC should apply to the measurement resources configured as SSBs within the active BWP from the cell to be measured.
Proposal 6: Following the assumptions in the above proposals, the measurement requirement of L1-RSRP for serving cell can be used as a baseline requirement for cell with different PCI provided the NSC is known. On this basis, for measurement inside SMTC, scaling factor is introduced for the requirement; for the measurement outside SMTC, scheduling availability and measurement restriction could be defined. For unknown NSC, RAN4 can further study how to define the requirement for different cases.
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