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Introduction
In RAN4 103-e meeting, WF on inter-cell beam management is agreed in [1]. 
Based on all above information, we provide our views on the remaining issues in R17 inter-cell beam management.
Discussion
Issue 1  Known condition of CDP
In last meeting, the following is discussed. 
Issue 2-1-1: Whether to consider additional known cell condition
· Agreements:
· Don’t need additional known cell condition, if benefit is not identified.
· FFS:
· Add an additional known cell condition with L1 measurement only. It is network scheduling choice whether to schedule both or either L1 measurement and/or L3 measurements in inter-cell.

In our understanding, the main motivation for adding additional condition is that network may want to decouple the L3 measurement configuration and L1 measurements configuration on CDP. For example, if L3 measurement is not configured on a frequency layer, network may still send HO/PSCell_change/SCell_change command to the UE. Similar operation can be considered for ICBM. However, in R17, it is already agreed that RRM requirements are only specified for the known case. Therefore, from the perspective of workload in R17, we slightly prefer not to specify the RRM requirements when L3 measurement is not configured for the corresponding frequency layer. Note that in R17 it is clearly stated in the WID that only intra-frequency scenario is considered, and it is quite a rare case that serving cell MO is not configured for a serving cell.
Observation 1  The WID clearly states that in R17 only intra-frequency ICBM is considered.
Proposal 1  RAN4 deprioritize the case when servingcellMO is not configured on the serving cell that configured with inter-cell L1 measurements in R17. Therefore, no additional known condition is specified in R17, but it can be discussed in future release.

Issue 2  Sharing factor in FR2
In last meeting, the following issues are discussed.
Issue 2-3-1 Sharing factors
· Option 1:
· Update the sharing factors PSC and PCDP for scenarios 3 and 4 to also consider SMTC periodicity. 
· Option 2:
· RAN4 to further study R17 sharing factor for L1-RSRP measurement, considering the remaining occasions are fully overlapped between serving cell and non-serving cell.
· Option 3:
· Value of PSC and PCDP to be confirmed as 2.

Issue 2-3-1a:  Applicability of Sharing factors
· Option 1: Sharing factors are applicable when SSB from serving cell and cell with different PCI are overlapping with same SSB index
· Example1: TSSB,SC = 20, with offset 1 and TSSB,NSC = 20, with offset 1; SSB index from SC is 4 and SSB index of NSC is 4
· Example2: TSSB,SC = 40, with offset 1 and TSSB,NSC = 20, with offset 1;  SSB index from SC is 4 and SSB index of NSC is 4
· Option 2: Sharing factors are applicable when SSB from serving cell and cell with different PCI are overlapping with same SSB index, or are adjacent SSB index with no symbol gap
· Example1: TSSB,SC = 20, with offset 1 and TSSB,NSC = 20, with offset 1; SSB index from SC is 0 and SSB index of NSC is 0 OR SSB index from SC is 0 and SSB index of NSC is 1
· Example2: TSSB,SC = 40, with offset 1 and TSSB,NSC = 20, with offset 1;  SSB index from SC is 2 and SSB index of NSC is 2 OR SSB index from SC is 2 and SSB index of NSC is 3
· Option 3: Sharing factors are applicable when SSB periodicity and offset are the same or overlapping between serving and cell with different PCI.
· Example1: TSSB,SC = 20, with offset 1 and TSSB,NSC = 20, with offset 1; SSB index could be different
· Example2: TSSB,SC = 40, with offset 1 and TSSB,NSC = 20, with offset 1; SSB index could be different
· Other options are not precluded.

Firstly, we would like to provide our observations on some of the general principles for the specifying the P factor in R15/R16, which is reflected in TS 38.133 r16[2].
The P sharing factor for FR2 SSB-based L1-RSRP measurements in R16 generally consider 6 cases:
Case 1:  SSB is not overlapped with measurement gap and SSB is partially overlapped with SMTC occasion (TSSB < TSMTCperiod)
Case 2:  SSB is not overlapped with measurement gap and SSB is fully overlapped with SMTC period (TSSB = TSMTCperiod)
Case 3:  SSB is partially overlapped with measurement gap and SSB is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and
-	TSMTCperiod ≠ MGRP or
-	TSMTCperiod = MGRP and TSSB < 0.5*TSMTCperiod
Case 4:  SSB is partially overlapped with measurement gap and SSB is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and TSMTCperiod = MGRP and TSSB = 0.5*TSMTCperiod
Case 5:  SSB is partially overlapped with measurement gap (TSSB <MGRP) and SSB is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is partially or fully overlapped with measurement gap.
Case 6:  SSB is partially overlapped with measurement gap and SSB is fully overlapped with SMTC occasion (TSSB = TSMTCperiod) and SMTC occasion is partially overlapped with measurement gap (TSMTCperiod < MGRP)
For all above cases we have the following observations:
Observation 2  R16 SSB-based L1-RSRP measurement requirements are only specified for the case when SSBs are either partially overlapped with SMTC (i.e. TSSB < TSMTCperiod) or fully overlapped with SMTC (i.e. TSSB = TSMTCperiod). The case when SSBs are not overlapped with SMTC are not considered.
Observation 3  R16 SSB-based L1-RSRP measurement requirements are only specified for the case when SSBs are either partially overlapped with gaps (i.e. TSSB < MGRP) or non-overlapped with gaps. The case when SSBs are fully overlapped with GAPs are not considered.
Based on above 2 observations we would like to confirm the common understanding of R17 by the follow proposal.
Proposal 2  In R17, for L1-RSRP measurements on SSBs of the CDP, RAN4 do not specify RRM requirements for the following cases:
· SSBs of CDP are not overlapped with SMTC.
· SSBs of CDP are fully overlapped with GAP.
Furthermore, in R17, RRM requirements are only specified for the case when SSBs of SC and SSBs of CDP are configured with the same SFN offset. Therefore, the one with larger SSB periodicity will be ‘covered’ by the one with smaller periodicity. In other word, if TSSB_Cell1>TSSB_Cell2, then automatically SSB of Cell1 will be fully overlapped with SSB of Cell2, and SSB of Cell2 will be partially overlapped with SSB of Cell1. According to previous agreements, the SSB with larger periodicity will be prioritized when collision happens.
In previous meetings, it was agreed that RRM requirements are not specified in R17 for the case when available SSB measurement occasions of CDP are fully-overlapped with SMTC. This is different from serving cell SSB-based L1 measurement. With that in mind, the sharing between SSB of SC and SSB of CDP need to be discussed in a case by case manner. At least for case 2/4/6 above, there is no need to consider to specify requirements for SSB of CDP. In our companion CR [3], we propose to specify sharing between SSB of SC and SSB of CDP in a case by case manner. 
Proposal 3  The sharing factor between SSB of SC and SSB of CDP is specified in a case by case manner as in [3].
In last meeting, RAN4 agreed to further study the case when the remaining occasions are fully overlapped between serving cell and non-serving cell. In this case, our understanding is that L3 measurement will not be impacted, and therefore, SC and CDP L1 measurements are only performed in a TDMed manner. 
Proposal 4  For the case when the remaining occasions are fully overlapped between serving cell and the cell with different PCI, introduce sharing factor PSC = PCDP = 2.
In last meeting, another issue on the applicability of overlapped case is discussed. In our understanding, if SC and CDP are configured with different SSB index for L1 measurement, then they can be done without sharing factor. The minimun gap between 2 SSB index should be at least one OFDM symbol. Therefore, we think option 2 in issue 2-3-1a is more reasonable.
Proposal 5  Sharing factors are applicable when SSB from serving cell and cell with different PCI are overlapping with same SSB index, or are adjacent SSB index with no symbol gap

Issue 3  Applicability of ICBM to CA/DC scenario and R16/R17 features
In R17 ICBM, UE is required to perform L1 measurements on SSBs from a cell with PCI different from serving cell, while the physical layer configuration of the UE remains the same as the serving cell. This feature is mainly targeted to enhance cell-edge UE performance. Since the feature is mostly for FR2, we think it should be applicable for SCell. because one typical deployment scenario for FR2 is FR1-FR2 CA. Note that in last meeting one test case agreed is FR1-FR2 CA.
Proposal 6  The ICBM feature shall be applicable to SCell.
For the case of intra-band CA, common TCI can be configured across CCs. In common TCI configuration, one CC is selected as the reference CC, on which the RSs are QCL sources for transmission in all CCs in the same CC list. In R17 ICBM for intra-band CA case, clarification is needed on whether the reference CC in the CC list should be on the same SSB frequency for the serving cell and a cell with different PCI. In our view, due to the WI scope restriction, only intra-frequency ICBM is considered in R17, i.e. only intra-frequency L1 measurement is supported on the CDP. Therefore, for intra-band ICBM using common TCI configurations, different reference CC in the same CC list is not supported.
Proposal 7  For intra-band ICBM using common TCI configurations, different reference CCs in the same CC list between the serving cell and a cell with different PCI is not supported in R17.
Therefore, from inter-cell SSB-based L1 measurement perspective, SSB measurements for a cell with different PCI is only performed in one of the CCs for intra-band CA with common TCI framework. Such CC should be the reference CC in the common TCI configuration. Figure 1 can be one illustration of proposal 7 and proposal 8.
Proposal 8  For intra-band ICBM using common TCI configurations, requirements are defined for the case when SSB measurements for a cell with different PCI are only performed in the cell that has the same SSB frequency as the reference CC.


Figure 1  Applicability of ICBM requirements in inter-band CA with common TCI configuration
The new ICBM feature may be impacted by some new features in R17, which are listed below:
· R16 FR1 HST enhancements
· R17 FR2 HST enhancements
· R17 measurement gap enhancements
The enhancements of RRM requirements to R17 FR1 HST and FR2 HST are done in R16 and R17 respectively. The enhancements include L1-RSRP measurement requirements. In our understanding, R17 ICBM feature would be a baseline feature for R18 L1/L2 mobility, and it shall be applicable to HST scenarios, in which high mobility is assumed. If RAN4 identified any issues in the procedure of applying R17 ICBM requirements to HST scenario, RAN4 can further discuss and solve it in the maintenance phase.
Proposal 9  R17 ICBM feature is applicable to FR1 HST and FR2 HST. If RAN4 identifies any issue in applying HST related enhancements to ICBM related RRM requirements, RAN4 solve them in the R17 maintenance phase. 
Moreover, same as serving cell L1-RSRP measurements, the L1-RSRP measurements for the cell with PCI different from serving cell can not be done within measurement gaps. Therefore, R17 gap enhancements may also have impact to R17 ICBM.
Proposal 10  R17 ICBM feature is applicable to the scenarios when UE is configured with R17 enhanced gaps. If RAN4 identifies any issue in applying R17 enhanced gaps to ICBM related RRM requirements, RAN4 solve them in the R17 maintenance phase.

Other issues
In last meeting the following issues are discussed.
Issue 2-1-2 Whether Inter-cell L1-RSRP requirements are applicable for inter cell mTRP
· Option 1:
· Inter-cell L1-RSRP requirements are not applicable for inter cell mTRP case, which UE is required to be able simultaneously receive from both serving cell and non-serving cell at a time, i.e. inter cell joint transmission (JT)
· Option 2:
· Inter-cell L1-RSRP measurements – measurements on cell with different PCI are applicable for both inter-cell BM and inter-cell mTRP
· Option 3:
· No clarification is needed.

Issue 2-2-1: UE reporting behaviour
· Option 1:
· add actual UE reporting behaviors complying to known or unknown cell conditions as
· The UE shall send L1-RSRP reports only for report configurations configured for the active BWP for cell with different PCI from serving cell under the known cell condition. Otherwise, the UE shall not send L1-RSRP reports.
· Option 2:
· Don’t need to add such condition.

Issue 2-3-2 Number of non-serving TRPs to be measured
· Option 1:
· Number of other PCI UE can measure for L1-RSRP on FR1 is same as RAN1 capability and i.e., it can be more than 1.
· Option 2:
· The number of cell with different PCI is 1.

Issue 2-4-1 Scheduling restriction for serving cell
· FFS:
· Whether to introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on cell with different PCI overlaps with serving cell UL slots.


For issue 2-1-2, our understanding is option 2, but we do not think any clarification is needed in RAN4 spec. In R16, no clarification on the intra-cell mTRP scenario. No need to clarify this in R17 either. Such clarification should be done in RAN1/2.
Proposal 11  No clarification is needed on whether inter-cell L1-RSRP requirements are applicable for inter cell mTRP.
For issue 2-2-1, the similar discussion has happed in R16 CSI-RS L3 measurements. We think the conclusion in R17 would be similar.
We understand the motivation from network to avoid inaccurate reporting from UE if the condition is not known. However, adding ‘UE shall not report’ in RAN4 spec is slightly out-of-scope of RAN4 RRM, especially for L1 measurement and reporting. It is true known condition is defined in RAN4. Our understanding is that the introduction of known condition is to clarify the requirement applicability. ‘UE shall not report’ is clearly not a kind of RRM requirements, which should be discussed in RAN1/2 in our understanding.
On the other hand, UE should not be prevented to meet the accuracy requirements, for example, when such known condition is not met. For example, although single FFT UE is assumed for defining requirements in this release, it does not mean multi-FFT UE which can deal with larger RTD, is not allowed.
Therefore, we do not think such clarification is needed.
Proposal 12  No clarification is needed on whether UE shall send L1 measurement report if the known condition is not met.
For issue 2-3-2, since it is already in the late stage of R17, it is ok to consider only 1 additional PCI. Other cases can be further discussed in future release.
For issue 2-4-1, we do not think scheduling restriction for dynamic TDD is needed. It is already clear in RAN1 spec that for dynamic TDD scheduling, L1 measurements will be overridden. It is not reasonable and is unnecessary to revert RAN1 conclusion in R15.
Proposal 13  Do not introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on cell with different PCI overlaps with serving cell UL slots
Conclusion
Based on above analysis, we have following observations and proposals.
Observation 1  The WID clearly states that in R17 only intra-frequency ICBM is considered.
Proposal 1  RAN4 deprioritize the case when servingcellMO is not configured on the serving cell that configured with inter-cell L1 measurements in R17. Therefore, no additional known condition is specified in R17, but it can be discussed in future release.
Observation 2  R16 SSB-based L1-RSRP measurement requirements are only specified for the case when SSBs are either partially overlapped with SMTC (i.e. TSSB < TSMTCperiod) or fully overlapped with SMTC (i.e. TSSB = TSMTCperiod). The case when SSBs are not overlapped with SMTC are not considered.
Observation 3  R16 SSB-based L1-RSRP measurement requirements are only specified for the case when SSBs are either partially overlapped with gaps (i.e. TSSB < MGRP) or non-overlapped with gaps. The case when SSBs are fully overlapped with GAPs are not considered.
Proposal 2  In R17, for L1-RSRP measurements on SSBs of the CDP, RAN4 do not specify RRM requirements for the following cases:
· SSBs of CDP are not overlapped with SMTC.
· SSBs of CDP are fully overlapped with GAP.
Proposal 3  The sharing factor between SSB of SC and SSB of CDP is specified in a case by case manner as in [3].
Proposal 4  For the case when the remaining occasions are fully overlapped between serving cell and the cell with different PCI, introduce sharing factor PSC = PCDP = 2.
Proposal 5  Sharing factors are applicable when SSB from serving cell and cell with different PCI are overlapping with same SSB index, or are adjacent SSB index with no symbol gap
Proposal 6  The ICBM feature shall be applicable to SCell.
Proposal 7  For intra-band ICBM using common TCI configurations, different reference CCs in the same CC list between the serving cell and a cell with different PCI is not supported in R17.
Proposal 8  For intra-band ICBM using common TCI configurations, requirements are defined for the case when SSB measurements for a cell with different PCI are only performed in the cell that has the same SSB frequency as the reference CC.
Proposal 9  R17 ICBM feature is applicable to FR1 HST and FR2 HST. If RAN4 identifies any issue in applying HST related enhancements to ICBM related RRM requirements, RAN4 solve them in the R17 maintenance phase. 
Proposal 10  R17 ICBM feature is applicable to the scenarios when UE is configured with R17 enhanced gaps. If RAN4 identifies any issue in applying R17 enhanced gaps to ICBM related RRM requirements, RAN4 solve them in the R17 maintenance phase.
Proposal 11  No clarification is needed on whether inter-cell L1-RSRP requirements are applicable for inter cell mTRP.
Proposal 12  No clarification is needed on whether UE shall send L1 measurement report if the known condition is not met.
Proposal 13  Do not introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on cell with different PCI overlaps with serving cell UL slots
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