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1 	Introduction
In the last meeting, some issues have been concluded in [1], e.g., for the L1 measurement performed outside SMTC, the timing offset will be less than one CP and the same Rx beam assumption as serving cell measurement will be reused for a cell with PCI different from a serving cell (non-serving cell). In this paper, our views on timing offset assumption for inside SMTC case and the flow for L1-RSRP measurement on non-serving cell are provided.
2 Discussion
2.1 Flow of the L1-RSRP measurement on non-serving cell
To align the understanding in RAN4, in the last meeting, we raised an issue regarding the L1 measurement flow to clarify our understanding on the non-serving cell’s L1-RSRP measurement. Two possible flows are provided as follows:

Case1 (with L3 measurement report)
As Figure 1, UE will use L3 measurement to measure the non-serving cell first. In this case, the SSB to be measured from non-serving cell will be detected by L3 measurement first, and the SFN and frame boundary can be obtained by UE. (Note: To our understanding, even though the information of SSB time domain position and SSB transmission periodicity will be provided by NW, UE still needs to perform PSS/SSS detection and SSB time index procedures to know the SFN and index of the SSB to be measured from non-serving cell.) After the L3 measurement report, network will know which non-serving cell’s SSB is good to UE and the detectable SSB from non-serving cell will be configured for UE to perform the L1 measurement.
[image: ]
[bookmark: _Ref95295900]Figure 1. Illustration of the L1-RSRP measurement with L3 measurement report.

Case 2: (without L3 measurement report)
As Figure 2, initially, all SSBs to be measured from non-serving cell will be configured for UE. In this case, UE will measure all SSBs to be measured from non-serving cell. After TPSS/SSS_sync_intra and TSSB_time_index_intra, UE can know the information of SFN and SSB index for non-serving cell. Then, UE can measure the SSB and transmit the L1-RSRP measurement report to the network.


[image: ]
[bookmark: _Ref95295917]Figure 2. Illustration of the L1-RSRP measurement without L3 measurement report.

To our understanding, the case 2 (without L3 measurement report) is more efficient from the system perspective. Thus, the following proposal is suggested.

[bookmark: _Ref95297395][bookmark: _Ref95410764]Proposal 1: In the L1-RSRP measurement for non-serving cell, to include the time of cell search, SSB index acquisition and L1-RSRP measurement (i.e. TPSS/SSS_sync_intra, TSSB_time_index_intra and TL1-RSRP_Measurement_Period_SSB) and NOT to include the L3 measurement (TSSB_measurement_period_intra).

Besides, the L3 measurement report is typically triggered by events. However, for the L1 measurement report, the periodic report is more common and it should be reported continuously even though the SSB to be measured is undetectable. To our understanding, it would be meaningless and a huge burden for UE to report all SSBs to be measured from non-serving cell. Thus, the following proposal is suggested.

[bookmark: _Ref95307136][bookmark: _Ref95410770]Proposal 2: UE is not required to transmit L1-RSRP measurement report if the SSB from the non-serving cell is undetectable.

2.2 Known condition for non-serving cell

Considering our Proposal 1 and Proposal 2, to make sure the network and UE have the same understanding on the status of the non-serving cell, the non-serving cell should become known after the L1-RSRP measurement is transmitted. 

[bookmark: _Ref95314138][bookmark: _Ref95410774]Proposal 3: Non-serving cell is known if UE transmits any L1-RSRP measurement report for the non-serving cell within [X] ms before UE performs the L1-RSRP measurement. FFS: [X] for the valid L1-RSRP report.

2.2 Measurement delay requirement for non-serving cell
In this section, we would like to discuss the details of the measurement delay requirement for the non-serving cell. To our understanding, the case can be separated into whether the non-serving cell is known or unknown and whether the L1-RSRP measurement report has been transmitted or not. According to Proposal 1, our views on TPSS/SSS_sync_intra and TSSB_time_index_intra are summarized as Table 1 and the details are provided below.

[bookmark: _Ref91756416]Table 1. The summary for the time period TPSS/SSS_sync_intra and TSSB_time_index_intra
 
	Non-serving cell

SSB to be measured
	KnownNote1
	Unknown

	L1-RSRP measurement report is transmitted before Note2
	TPSS/SSS_sync_intra & TSSB_time_index_intra can be skipped
	No use case

	L1-RSRP measurement report is not transmitted before Note2
	
	TPSS/SSS_sync_intra & TSSB_time_index_intra are needed

	· Note 1: Non-serving cell becomes known if the L1 measurement report for non-serving cell (this report may base on other SSB or the SSB to be measured) is transmitted within [X] ms before the L1 measurement for target SSB is performed
· Note 2: The L1 measurement report for SSB to be measured is transmitted within [X] ms before the L1 measurement for target SSB is performed



· Case 1: non-serving cell is known and the L1-RSRP report for the SSB to be measured is transmitted before

· In this case, the TPSS/SSS_sync_intra and TSSB_time_index_intra can be skipped. Because as long as the L1-RSRP report is transmitted within [X] ms before the L1 measurement is performed (our Proposal 3), the existing settings of SFN and SSB index could be reused.

· Note: The known condition of the non-serving cell is discussed in Proposal 3.

· Case 2: non-serving cell is known and the L1-RSRP report for the SSB to be measured is not transmitted before

· In this case, the TPSS/SSS_sync_intra and TSSB_time_index_intra can be skipped. Because, the non-serving cell is known which means UE has already performed and reported the L1-RSRP measurement for the other SSB on the non-serving cell. In this case, the SFN and SSB index for the SSB to be measured is known to UE. 

· Note: The known condition of the non-serving cell is discussed in Proposal 3.

· Case 3: non-serving cell is unknown and the L1-RSRP report for the SSB to be measured is transmitted before
· Based on our Proposal 3, the non-serving cell is known as long as UE transmits any L1-RSRP measurement report within [X] before the L1-RSRP measurement for SSB to be measured is performed. Thus, this case is impossible.


· Case 4: non-serving cell is unknown and the L1-RSRP report for the SSB to be measured is not transmitted before
· In this case, the TPSS/SSS_sync_intra and TSSB_time_index_intra are needed. Because UE does not measure any SSB on the non-serving cell before, the settings of SFN and SSB index for the SSB to be measurd are unknown for UE.

[bookmark: _Ref95410784]Proposal 4: For the L1-RSRP measurement of non-serving cell, if the non-serving cell is known and the L1-RSRP report for the SSB to be measured is transmitted within [X] ms before the measurement is performed, the TPSS/SSS_sync_intra and TSSB_time_index_intra can be skipped, where the [X] can be the same as the known confition of the non-serving cell.

[bookmark: _Ref95410788]Proposal 5: For the L1-RSRP measurement of non-serving cell, if the non-serving cell is known and the L1-RSRP report for the SSB to be measured is not transmitted within [X] ms before the measurement is performed, the TPSS/SSS_sync_intra and TSSB_time_index_intra can be skipped, where the [X] can be the same as the known confition of the non-serving cell.

[bookmark: _Ref95410808]Proposal 6: No UE requirement applies for the case when the non-serving cell is unknown and the L1-RSRP report for the SSB to be measured is transmitted before the measurement is performed.

[bookmark: _Ref95410812]Proposal 7: For the L1-RSRP measurement of non-serving cell, if the non-serving cell is unknown and the L1-RSRP report for the SSB to be measured is not transmitted within [X] ms before the measurement is performed, the TPSS/SSS_sync_intra and TSSB_time_index_intra are needed, where the [X] can be the same as the known confition of the non-serving cell.

2.3 UE Rx beam assumption and timing offset
In this section, the discussion will be separated into non-serving cell’s L1 measurement performed outside and inside SMTC cases.

2.1.1 outside SMTC case
In the last meeting, for the L1 measurement performed outside SMTC case, RAN4 agreed that the timing offset between serving cell and non-serving cell is less than one CP, and the UE Rx beam for non-serving cell’s L1-RSRP is the same as serving cell. To our understanding, the above agreement is sufficient for the requirement. Thus, the requirement for the case when the timing offset is larger than one CP is not needed.

[bookmark: _Ref95410818]Proposal 8: For inter-cell L1-RSRP measurement performed outside SMTC for FR1 and FR2, not to define the requirement for the case when the timing offset between serving cell and non-serving cell is larger than one CP.

2.1.2 Inside SMTC case
UE Rx beam assumption

In the last meeting, some companies think the same beam can be applied for L1 and L3 measurement inside SMTC. However, to our understanding, the fine beam and rough beam should be applied for the L1 and L3 measurement, respectively, while the L1 and L3 measurement are used to judge the quality of the link and cell, respectively. Thus, we prefer not to define the same UE Rx beam for L1 and L3 measurement for non-serving cell.

[bookmark: _Ref95410824]Proposal 9: For inter-cell L1-RSRP measurement performed outside SMTC for FR1 and FR2, the same Rx beam assumption as the serving cell measurement will be used for the non-serving cell, i.e., rough beam for L3 measurement and fine beam for L1 measurement for inside SMTC.

Timing assumption

In the last meeting, according to the WF of unified TCI state switch [2], RAN4 has agreed that, for the TCI state switch of non-serving cell, the timing offset between serving cell and non-serving cell is within CP.

Agreement in [2] for reference.
	· Switching delay requirements for unified TCI associated with ”NSC”
· NSC in TCI switching delay will be specified as “a cell with PCI different from a serving cell”
· MAC-CE based and DCI based TCI switching delay does not have difference for a serving cell and a cell with PCI different from a serving cell based on the following conditions. 
· Active BWP of cell with different PCI shall be within active BWP of serving cell 
· SCS between cell with different PCI and serving cell shall the same 
· Timing offset between SC and NSC are within CP 
· RAN4 will further study whether to specify the requirements if above conditions do not meet. 



[bookmark: _Ref95756996][bookmark: _Ref95410650]Observation 1: In the last meeting, for unified TCI state switch for non-serving cell, RAN4 agreed the timing offset between serving cell and non-serving cell is within CP.

To our understanding, at least in R17, the use case of the L1-RSRP measurement on non-serving cell is the R17 unified TCI state switch. In this case, according to Observation 1, the L1-RSRP measurement should be performed on the non-serving cell which the timing offset with serving cell is within one CP. Thus, there is no intention to require UE to measure the L1-RSRP measurement on non-serving cell while the timing offset between non-serving cell and serving cell is larger than one CP.
[bookmark: _Ref95770148][bookmark: _Ref95770816]Proposal 10: For inter-cell L1-RSRP measurement performed inside SMTC for FR1 and FR2, not to define the requirement when the timing offset between serving cell and non-serving cell is larger than one CP. Because less than one CP timing offset assumption is agreed in unified TCI state switch for non-serving cell, i.e., no use case when timing offset is larger than one CP in R17 feMIMO.

2.4 Scheduling availability
In this section, there are four issues (1) Applicability (2) Different SCS between non-serving cell and serving cell (3) Independent beam management (4) Number of the restriction symbol for the case when L1 measurement performed within SMTC. 

2.4.1 Applicability
To our understanding, as Figure 3, the scheduling restriction should be further discussed for the following two cases:

· Case 1: the data from serving cell and the SSB from non-serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol

· In this case, scheduling restriction applies on serving cell due to L1-RSRP measurement for non-serving cell, i.e., UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on serving cell and the L1-RSRP measurement for non-serving cell is performed.

· Case 2: the data from non-serving cell and the SSB from serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol

· In this case, scheduling restriction applies on non-serving cell due to L1-RSRP measurement for serving cell, i.e., UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on non-serving cell and the L1-RSRP measurement for serving cell is performed.

[image: ]

[bookmark: _Ref95416976]Figure 3. Illustration of the two possible cases for the scheduling restriction.

[bookmark: _Ref95417935][bookmark: _Ref95418879]Proposal 11: For the scheduling availability, two cases should be considered:
(1) the data from serving cell and the SSB from non-serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol 
(2) the data from non-serving cell and the SSB from serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol

As a result, based on Proposal 11, the following text proposal is suggested (The details please find our CR R4-xxxxx).
	9.12.6	Scheduling availability of UE during L1-RSRP measurement
Scheduling availability restrictions described in the following clauses apply for the following conditions:
· when the UE is performing L1-RSRP measurement on serving cell(s) or
· when the UE is performing L1-RSRP measurement on cell(s) with PCI different from serving cell(s)



2.4.2 Different SCS between non-serving cell and serving cell
In the legacy requirement, for the case when the SSB and data are scheduled in the same OFDM symbol and the SCS between SSB and data is different, the requirement will depend on whether UE supports simultaneousRxDataSSB-DiffNumerology, i.e., no scheduling restriction if UE supports the IE. To our understanding, such IE should be also applied for the non-serving cell. However, according to the following Table 2, the IE is not applicable to non-serving cell. Thus, to make the UE capability clearer, to introduce a new UE requirement for the non-serving cell is suggested.

[bookmark: _Ref95319685]Table 2. Details of simultaneousRxDataSSB-DiffNumerology extracted from TS 38.306 for reference.

	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	UE
	No
	No
	Yes



[bookmark: _Ref95410833]Proposal 12: To introduce a new UE capability for indicating whether the UE supports concurrent intra-frequency measurement on non-serving cell and PDCCH or PDSCH reception from the serving cell and non-serving cell with a different numerology.

2.4.3 Independent beam management for non-serving cell

In the R16, for the scheduling restriction requirement of serving cell L1-RSRP measurement, the independent beam management for FR2 inter-band CA is introduced. However, to our understanding, whether to define the joint requirement of independent beam management requirement and inter-cell beam management should be discussed in RAN4 first. 

[bookmark: _Ref95410836]Proposal 13: RAN4 to discuss whether to define the joint requirement of FR2 inter-band CA with independent beam management and inter-cell beam management.

2.4.4 Number of the restriction symbol ( L1 measurement within SMTC)
According to the last meeting WF [1], there is no conclusion of the timing offset assumption for the case when L1-RSRP measurement performed within SMTC yet. However, to our understanding, two additional restriction data symbols should be considered before and after SSB symbols if the timing offset assumption is larger than one CP within SMTC. To be more precise, if timing offset is large than one CP, UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. 

Considering there is no conclusion of the timing offset for the case when L1-RSRP measurement is within SMTC. 

[bookmark: _Ref95770941]Proposal 14: For the scheduling availability, when the L1-RSRP measurement is performed within SMTC, 1 data symbol before and after SSB symbols are needed if RAN4 agreed that the timing offset between serving cell and non-serving cell is larger than one CP.

2.4 Measurement restriction
According to the existing requirement, the measurement restriction will be applied when the SSB for L1-RSRP measurement collides with CSI-RS for RLM, BFD, CBD or L1-RSRP measurement in the same OFDM symbol. However, for the R17 inter-cell beam management, UE may be required to measure at least two SSBs in the same OFDM symbol because one is from serving cell and the other one is from non-serving cell. 

[bookmark: _Ref95770942]Proposal 15: Extend the measurement restriction requirement to include the case when two SSBs from serving cell and non-serving cell are collided in the same OFDM symbol.

On the other hand, according to the Proposal 10錯誤! 找不到參照來源。, considering power consumption and cost issues, one FFT is assumed to derive the measurement restriction for R17 inter-cell beam management. To our understanding, based on the timing offset between serving cell and non-serving cell, the case should be further separated into two cases: (1) less than one CP (2) larger than one CP

(1) If the timing offset is less than one CP, the both SSBs or SSB and CSI-RS from serving cell and non-serving cell can be measured simultaneously based on one FFT in the same OFDM symbol.
 
(2) If the timing offset is larger than one CP, the both SSBs or SSB and CSI-RS from non-serving cell and serving cell cannot be measured simultaneously based on one FFT in the same OFDM symbol. Thus, the measurement restriction is needed, i.e., UE is required to measure one of but not both SSBs or SSB and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.

[bookmark: _Ref95770945]Proposal 16: For the measurement restriction requirement, based on one FFT assumption, there are two cases can be further discussed:
(1) If RAN4 agreed the timing offset is less than one CP, no measurement restriction is needed. 
(2) If RAN4 agreed the timing offset is larger than one CP, UE is required to measure one of but not both SSBs or SSB and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.

2.5 MRTD requirement
In current spec, RAN4 agreed that the current MRTD requirement can be applied for the mTRP scenario. The corresponding requirement is provided as follows:

	7.6	Maximum Receive Timing Difference
7.6.1	Introduction
…
The requirements defined in clause [7.6] are also applicable when UE is configured to receive multiple PDSCH transmission occasions from one or more QCL sources on any one of the aggregated NR carriers.



However, in the R17 inter-cell beam management and inter-cell mTRP, the similar discussion is needed. To our understanding, for the typical case, the serving cell and non-serving cell is non collocated. Thus, whether the current MRTD requirement could be applied for the case when signals on serving cell/non-serving cell in CC1 comes from TRP1 and signals on serving cell/non-serving cell in CC2 comes from TRP2.

[bookmark: _Ref95770946]Proposal 17: For inter-cell beam management and inter-cell mTRP, RAN4 to study whether the MRTD requirement could be reused for non-serving cell.

3 Summary
In this paper, the discussion of inter cell beam management is provided. We have the following proposal:
Proposal 1: In the L1-RSRP measurement for non-serving cell, to include the time of cell search, SSB index acquisition and L1-RSRP measurement (i.e. TPSS/SSS_sync_intra, TSSB_time_index_intra and TL1-RSRP_Measurement_Period_SSB) and NOT to include the L3 measurement (TSSB_measurement_period_intra).
Proposal 2: UE is not required to transmit L1-RSRP measurement report if the SSB from the non-serving cell is undetectable.
Proposal 3: Non-serving cell is known if UE transmits any L1-RSRP measurement report for the non-serving cell within [X] ms before UE performs the L1-RSRP measurement. FFS: [X] for the valid L1-RSRP report.
Proposal 4: For the L1-RSRP measurement of non-serving cell, if the non-serving cell is known and the L1-RSRP report for the SSB to be measured is transmitted within [X] ms before the measurement is performed, the TPSS/SSS_sync_intra and TSSB_time_index_intra can be skipped, where the [X] can be the same as the known confition of the non-serving cell.
Proposal 5: For the L1-RSRP measurement of non-serving cell, if the non-serving cell is known and the L1-RSRP report for the SSB to be measured is not transmitted within [X] ms before the measurement is performed, the TPSS/SSS_sync_intra and TSSB_time_index_intra can be skipped, where the [X] can be the same as the known confition of the non-serving cell.
Proposal 6: No UE requirement applies for the case when the non-serving cell is unknown and the L1-RSRP report for the SSB to be measured is transmitted before the measurement is performed.
Proposal 7: For the L1-RSRP measurement of non-serving cell, if the non-serving cell is unknown and the L1-RSRP report for the SSB to be measured is not transmitted within [X] ms before the measurement is performed, the TPSS/SSS_sync_intra and TSSB_time_index_intra are needed, where the [X] can be the same as the known confition of the non-serving cell.
Proposal 8: For inter-cell L1-RSRP measurement performed outside SMTC for FR1 and FR2, not to define the requirement for the case when the timing offset between serving cell and non-serving cell is larger than one CP.
Proposal 9: For inter-cell L1-RSRP measurement performed outside SMTC for FR1 and FR2, the same Rx beam assumption as the serving cell measurement will be used for the non-serving cell, i.e., rough beam for L3 measurement and fine beam for L1 measurement for inside SMTC.
Observation 1: In the last meeting, for unified TCI state switch for non-serving cell, RAN4 agreed the timing offset between serving cell and non-serving cell is within CP.
Proposal 10: For inter-cell L1-RSRP measurement performed inside SMTC for FR1 and FR2, not to define the requirement when the timing offset between serving cell and non-serving cell is larger than one CP. Because less than one CP timing offset assumption is agreed in unified TCI state switch for non-serving cell, i.e., no use case when timing offset is larger than one CP in R17 feMIMO.
Proposal 11: For the scheduling availability, two cases should be considered:
(1) the data from serving cell and the SSB from non-serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol 
(2) the data from non-serving cell and the SSB from serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol
Proposal 12: To introduce a new UE capability for indicating whether the UE supports concurrent intra-frequency measurement on non-serving cell and PDCCH or PDSCH reception from the serving cell and non-serving cell with a different numerology.
Proposal 13: RAN4 to discuss whether to define the joint requirement of FR2 inter-band CA with independent beam management and inter-cell beam management.
Proposal 14: For the scheduling availability, when the L1-RSRP measurement is performed within SMTC, 1 data symbol before and after SSB symbols are needed if RAN4 agreed that the timing offset between serving cell and non-serving cell is larger than one CP.
Proposal 15: Extend the measurement restriction requirement to include the case when two SSBs from serving cell and non-serving cell are collided in the same OFDM symbol.
Proposal 16: For the measurement restriction requirement, based on one FFT assumption, there are two cases can be further discussed:
(3) If RAN4 agreed the timing offset is less than one CP, no measurement restriction is needed. 
(4) If RAN4 agreed the timing offset is larger than one CP, UE is required to measure one of but not both SSBs or SSB and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
Proposal 17: For inter-cell beam management and inter-cell mTRP, RAN4 to study whether the MRTD requirement could be reused for non-serving cell.
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