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Introduction
In RAN4 100e, WF R4-2115355 [1] is agreed. For inter-cell beam management, the following agreements are achieved.
Inter-cell beam management 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement requirements for non-serving cells 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement accuracy requirements for non-serving cells 
· For non-serving L1-RSRP measurement of single panel FR2 UE, requirements will be applied if UE only measure L1-RSRP from one single cell at a time. 
· To guarantee UE’s mobility performance, RAN4 shall agree that PCell/PSCell’s L3-RSRP measurement delay shall not be impacted by NSC measurements. FFS UE measurement behaviour for L1-RSRP.
· RAN4 will further study if UE only performs L1-RSRP measurements on the identified non-serving cell(s) 
Moreover, in 99e meeting, an LS from RAN1 [2] was discussed and some remaining issues are captured in [3].
Additionally, based on recent progress in RAN1 on this issue, especially the LS to RAN2 cc RAN4[4], our view on the inter-cell BM is provided.
Discussion on inter-cell beam management
Discussion on L1 -RSRP measurements in inter-cell BM
This issue has been extensively discussed across WGs and in RAN #92. Based on the latest agreements in RAN #92, only intra-DU and intra-frequency case is considered, while the serving cell is not changed. Currently, in RAN1, the term like ‘L1 measurements on RSs with PCIs different from serving cell’ is used instead of ‘L1-RSRP measurement in non-serving cell’. To be precise and keep consistency with RAN1/RAN2, it is suggested to revise the agreements achieve in RAN4 100e as follows.
Inter-cell beam management 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement requirements for non-serving cellsmeasurements on RSs with a different PCI. 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement accuracy requirements for measurements on RSs with a different PCI.non-serving cells 
· For non-serving L1-RSRP measurement of single panel FR2 UE, requirements for L1-RSRP measurements on RSs with a different PCI will be applied if UE only measure L1-RSRP from one single cell at a time. 
· To guarantee UE’s mobility performance, RAN4 shall agree that PCell/PSCell’s L3-RSRP measurement delay shall not be impacted by NSC measurements on RSs with a different PCI. FFS UE measurement behaviour for L1-RSRP.
· RAN4 will further study if UE only performs L1-RSRP measurements on the identified non-serving cell(s) with a different PCI

Proposal 1  RAN4 to revise the previous agreements in 100e so that the term ‘non-serving cell’ is prevented.
Based on RAN1 agreements it is unclear whether L1-RSRP measurements are performed only in the identified cells, while the cell identification has to be performed at L3 level. For L1/L2-centric inter-cell mobility, cell identification is needed before UE performs L1-measurements. However, for inter-cell beam management, it is also OK to limit to the case that cell identification is only performed at L3 level, ant L1-RSRP measurements are only performed on those RSs with different PCIs that are already identified. In other word, the L1-RSRP measurements are only performed on the measurable RSs, while the measurable condition defined for R15/R16 L1-RSRP measurements can be re-used.
Proposal 2  RAN4 to confirm that the RSs with a different PCI, on which L1-RSRP measurements are performed, are measurable, and the measurable condition defined for R15/R16 L1-RSRP measurement requirements can be re-used at least for FR1.
For FR2 serving cell measurements, sharing factors between L1 measurement and L3 measurement was defined in R15. This is because different Rx beam is assumed. For L1 measurement for different cells, the case that Rx beams are different needs to be considered. However, based on [4], RRM measurements on serving cell and neighbour cells are not impacted by L1-RSRP measurements on RSs with a PCI different from serving cell.
Proposal 3  RRM measurements on serving cell and neighbour cells are not impacted by L1-RSRP measurements on RSs with a PCI different from serving cell.
In RAN4 99e, UE behavior assumption for L1-RSRP measurements on RSs with a different PCI was discussed based on RAN1 LS[2] and the following are captured in the WF [3]. One background for such discussion is that the non-serving cell measurements can be conducted if the timing difference between serving cell and non-serving cell is larger than CP. Another background in the WF is that only SSB-based L1 non-serving cell measurement is considered.
· In RAN4 #99e meeting, RAN4 discussed the UE behavior, performance and UE complexity for supporting non-serving cell measurement. RAN4 will further discuss the non-serving cell measurement in the context of L1/L2 centric inter-cell mobility considering the followings in the future RAN4 meetings:
· For the case when the measurement RS from the non-serving cell is within SMTC, in FR1, legacy measurement behavior based on L3 measurement may be reused from RAN4 perspective. 
· RAN4 will continue to evaluate the impact on a longer measurement delay due to sharing of SMTC window by L1 and L3 measurements.
· For the case when the measurement RS from the non-serving cell is outside SMTC and within SMTC, performance degradation or increased UE complexity may be expected
· To consider concurrent serving cell PDSCH/PDCCH reception and neighbor SSB based L1 measurement outside SMTC, RAN4 needs more time to study on the impacts on performance degradation and UE complexity.
· Note: existing UE feature simultaneousRxDataSSB-DiffNumerology is aimed for concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception. 

Firstly, a general assumption would be, whether UE assumes the timing difference between serving cell and the L1 measurement RS with a different PCI, is assumed to be less than CP. In R17 it is fine to focus on the simplest case and further consider the case larger than CP.
Proposal 4  For FR1, RAN4 to confirm whether to agree on the assumption that the timing difference between serving cell and the L1 measurement RS with a different PCI, is assumed to be less than CP in R17 feMIMO.
For the case when timing difference is larger than CP, in the 99e meeting, the discussion was generally differentiated between FR1 and FR2. 
For FR1, RAN4 can reach the common understanding that, in case L1-RSRP/L1-SINR measurement with a different PCI is done within SMTC, UE measurement behaviour for L3 measurements can be re-used for L1 measurements. In this case, the L1 measurement can be considered as an ‘intermediate product’ for L3 measurements, which means UE measurement burden is not increased. Moreover, there is no need to further define any scheduling/measurement restrictions for such L1 measurements, since the ones defined for layer 3 measurements can also be re-used. 
Observation 1  For FR1, if SSB-based L1 measurements are performed within SMTC, scheduling/ measurement restrictions defined for L3 measurements can be re-used.
On the other hand, if L1 measurement with a different PCI is done outside SMTC, several cases can be considered:
For UE supporting simultaneousRxDataSSB-DiffNumerology, which is a R15 UE capability, such L1 measurement for a cell with different PCI can be done simultaneously with PDSCH/PDCCH reception. In R15, for UE supporting such capability, there is no scheduling restriction defined within SMTC for the L3 measurements. However, whether there is performance degradation compared to the case that there is scheduling restriction for L1 measurements, may need further evaluation. As discussed in R15, for UE supporting simultaneousRxDataSSB-DiffNumerology, no relaxation to the L3 measurement accuracy was introduced in the perf phase. However, the number of samples considered for L3 measurement and that for L1 measurement are different. Moreover, compared to the serving cell L1 measurements, cell identification is needed. Note that in RAN1 it is also agreed to specify rate matching for L1 measurements of a cell with different PCI for this case, so that the impact to performance can be mitigated. Another issue is that, RAN4 may still need to discuss whether L1 measurements for a cell with a different PCI performed outside SMTC can be performed together with serving cell L1 measurement, while the serving cell measurement performance is not impacted.
Observation 2  For FR1, if UE supports simultaneousRxDataSSB-DiffNumerology, scheduling restrictions for L1 measurement is not needed when SSB-based L1 measurements of a cell with different PCI are performed outside SMTC. 
For UE not supporting simultaneousRxDataSSB-DiffNumerology, scheduling restriction to PDSCH/PDCCH reception is at least needed. Normally serving cell is not perfectly synchronized with the other cell from UE perspective (similar to the MRTD discussion in M-TRP), the scheduling restriction may need to consider the symbols before and after L1 measurements of that cell. Since such L1 cell measurement is done outside SMTC, it would need to further consider defining a window for such L1 measurement for the UE. In other word, how many symbols that need to be restricted from scheduling may need further discussion in RAN4. On the other hand, even in this case, UE still needs to perform SSB measurements of another cell additionally to the serving cell measurements. If more than one cells need to be measured simultaneously, which is being discussed in RAN1, the performance may not be the same as serving cell measurement.
Observation 3  For FR1, if UE does not support simultaneousRxDataSSB-DiffNumerology, RAN4 needs to further discuss how many symbols need to be restricted from scheduling, when SSB-based L1 measurements of a cell with different PCI are performed outside SMTC.
Observation 4  For FR1, no matter simultaneousRxDataSSB-DiffNumerology is configured or not, RAN4 needs to consider the performance impact when SSB-based L1 measurements of a cell with different PCI are performed outside SMTC.
Observation 5  For FR1, no matter simultaneousRxDataSSB-DiffNumerology is configured or not, RAN4 needs to consider whether L1 measurements of a cell with different PCI performed outside SMTC can be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurements are not impacted.
For FR2, firstly as discussed in last meeting, L1 measurements and L3 measurements are not assumed to be performed simultaneously, because of different Rx beam. Therefore, no matter it is configured in SMTC or not, L3 measurement behaviour can not be re-used for L1 measurements.
Observation 6  For FR2, L3 measurements cannot be re-used no matter whether L1 measurements are conducted within SMTC or not.
In R15/R16, measurement restriction and scheduling restriction are defined for the L1 serving cell measurement. However, for inter-cell BM, the QCL assumption for serving cell may not apply when performing the measurements. Hence, the measurable condition may also be impacted.
Observation 7  For FR2, there are differences between UE behaviours for serving cell L1 measurement and that for L1 measurements of a cell with different PCI, including the QCL assumption, measurable condition, etc.
Based on above analysis and observations, we have the following proposals:
Proposal 5  For the discussion on UE behaviour assumptions for L1 measurements of a cell with different PCI, FR1 and FR2 are discussed separately.
Proposal 6  For FR1, a baseline UE behaviour is that UE measures L1-RSRP of the cell with a different PCI within SMTC, and whether UE supports measurements of L1-RSRP of the cell with a different PCI outside SMTC is a capability.
Proposal 7  For FR1, RAN4 to further discuss the following issues regarding UE behaviour assumptions for L1 measurements a cell with different PCI, if it is performed outside SMTC:
· [bookmark: _Hlk79073270]How many symbols are needed for scheduling restrictions, considering different UE capability on simultaneousRxDataSSB-DiffNumerology.
· Whether L1 measurements of a cell with different PCI performed outside SMTC can be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurements are not impacted.
Proposal 8  For FR2, RAN4 needs to firstly identify the differences between the UE behaviour assumed for serving cell L1 measurements and that for L1 measurements of a cell with different PCI, which at least include
· QCL assumptions
· Measurable condition
Regarding the reply LS to RAN1, RAN4 may send the additional information to RAN1 once there are conclusions on the issues raised in proposal 7 and proposal 8. Our view in some of the issues can be found in the drafted version attached below.

Discussion on TCI state switching related requirements in inter-cell BM and inter-cell M-TRP
As stated in [4], one important different between inter-cell BM and inter-cell M-TRP is whether the R15/16 TCI update mechanism or R17 TCI update mechanism is used. Therefore, from RRM requirement impact perspective, TCI state switching to a TCI configured based on RSs with a different PCI needs to be considered, for both R15/16 TCI and R17 unified TCI. For TCI state switching to a TCI with a different PCI, an SSB for AGC tracking and time-frequency tracking would be always needed.
Proposal 9  For TCI state switching to a TCI with a different PCI, an SSB for AGC tracking and time-frequency tracking would be always needed.
Moreover, as agreed in [4], for the case of inter-cell BM, UE would need to receive system information in the serving cell TCI, while the TCI with a different PCI is used for dedicated channel only. Therefore, from RLM and BFD perspective, at least 2 RSs from different PCIs need to be considered. Even though the Rx timing difference between serving cell and the cell with a different PCI would be within CP if Proposal 4 is adopted, the doppler spread and frequency tracking behaviour would still be different. Note that, as clearly stated in the WID, the HST-SFN enhancements will be based on the outcome of at least Unified TCI framework. Moreover, for the case of FR2, Rx beams are also different from serving cell and a cell with different PCI. Therefore, it would be very difficult for UE to perform RLM and BFD at the same time. Therefore, measurement restriction would be needed for the RLM/BFD between serving cell and a cell with different PCI.
Proposal 10  RAN4 further specify measurement restrictions for the L1-RSRP/RLM/BFD/CBD between serving cell and a cell with different PCI for both FR1 and FR2.

Conclusion
Based on above analysis, we have following observations and proposals.
Proposal 1  RAN4 to revise the previous agreements in 100e so that the term ‘non-serving cell’ is prevented.
Proposal 2  RAN4 to confirm that the RSs with a different PCI, on which L1-RSRP measurements are performed, are measurable, and the measurable condition defined for R15/R16 L1-RSRP measurement requirements can be re-used at least for FR1.
Proposal 3  RRM measurements on serving cell and neighbour cells are not impacted by L1-RSRP measurements on RSs with a PCI different from serving cell.
Proposal 4  For FR1, RAN4 to confirm whether to agree on the assumption that the timing difference between serving cell and the L1 measurement RS with a different PCI, is assumed to be less than CP in R17 feMIMO.
Observation 1  For FR1, if SSB-based L1 measurements are performed within SMTC, scheduling/ measurement restrictions defined for L3 measurements can be re-used.
Observation 2  For FR1, if UE supports simultaneousRxDataSSB-DiffNumerology, scheduling restrictions for L1 measurement is not needed when SSB-based L1 measurements of a cell with different PCI are performed outside SMTC. 
Observation 3  For FR1, if UE does not support simultaneousRxDataSSB-DiffNumerology, RAN4 needs to further discuss how many symbols need to be restricted from scheduling, when SSB-based L1 measurements of a cell with different PCI are performed outside SMTC.
Observation 3  For FR1, if UE does not support simultaneousRxDataSSB-DiffNumerology, RAN4 needs to further discuss how many symbols need to be restricted from scheduling, when SSB-based L1 measurements of a cell with different PCI are performed outside SMTC.
Observation 4  For FR1, no matter simultaneousRxDataSSB-DiffNumerology is configured or not, RAN4 needs to consider the performance impact when SSB-based L1 measurements of a cell with different PCI are performed outside SMTC.
Observation 5  For FR1, no matter simultaneousRxDataSSB-DiffNumerology is configured or not, RAN4 needs to consider whether L1 measurements of a cell with different PCI performed outside SMTC can be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurements are not impacted.
Observation 6  For FR2, L3 measurements cannot be re-used no matter whether L1 measurements are conducted within SMTC or not.
Observation 7  For FR2, there are differences between UE behaviours for serving cell L1 measurement and that for L1 measurements of a cell with different PCI, including the QCL assumption, measurable condition, etc.
Proposal 5  For the discussion on UE behaviour assumptions for L1 measurements of a cell with different PCI, FR1 and FR2 are discussed separately.
Proposal 6  For FR1, a baseline UE behaviour is that UE measures L1-RSRP of the cell with a different PCI within SMTC, and whether UE supports measurements of L1-RSRP of the cell with a different PCI outside SMTC is a capability.
Proposal 7  For FR1, RAN4 to further discuss the following issues regarding UE behaviour assumptions for L1 measurements a cell with different PCI, if it is performed outside SMTC:
· How many symbols are needed for scheduling restrictions, considering different UE capability on simultaneousRxDataSSB-DiffNumerology.
· Whether L1 measurements of a cell with different PCI performed outside SMTC can be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurements are not impacted.
Proposal 8  For FR2, RAN4 needs to firstly identify the differences between the UE behaviour assumed for serving cell L1 measurements and that for L1 measurements of a cell with different PCI, which at least include
· QCL assumptions
· Measurable condition
Proposal 9  For TCI state switching to a TCI with a different PCI, an SSB for AGC tracking and time-frequency tracking would be always needed.
[bookmark: _GoBack]Proposal 10  RAN4 further specify measurement restrictions for the L1-RSRP/RLM/BFD/CBD between serving cell and a cell with different PCI for both FR1 and FR2.
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1. Overall Description:
In RAN4 #99e and RAN4 #101e meetings, RAN4 have discussed RAN1 LS R1-2104141 on Timing Assumption for Inter-Cell DL Measurement. Based on discussion RAN4 would like to provide the following additional feedback regarding Q2.
Q2: 
· For the case when L1 measurements of a cell with different PCI are performed outside SMTC in FR1,
· Scheduling restrictions need to be defined for UE not suppting simultaneousRxDataSSB-DiffNumerology.
· Measurement restrictions need to be defined, so that the serving cell L1/L3 measurements are not impacted by the L1 measurement of a cell with different PCI.
· For the case of FR2,
· L3 measurements cannot be re-used no matter whether L1 measurements are conducted within SMTC or not.
· RAN4 need to further study the impact to QCL assumptions, measurable condition.


2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN1 to take RAN4 conclusions in consideration and provide feedback on the RAN4 questions, if needed.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #101e-bis	Jan. 17 - 25	Online
TSG-RAN4 Meeting #102e	Feb. 21 - Mar. 03	Online
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