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1. Introduction 
In RAN4#101-e requirements for intercell beam management were discussed and way forward [1] was agreed. Also, RAN4 received LS from RAN1 [2] on L1-RSRP measurements for intercell beam management. In this contribution we present our views on requirements for intercell beam management and propose LS reply to RAN1. 
2. Discussion
L1-RSRP measurements for Intercell beam management
The following were agreed for inter-cell beam management in RAN4#101-e:
	· Define known/unknown cell condition for non-serving cell configured for L1-RSRP measurements
· Measurement accuracy for serving cell L1-RSRP can be reused for L1-RSRP measurement for non-serving cell for inter-cell beam management 
· The L1-RSRP measurement requirements for non-serving cells are only applicable to SSB withing the active DL BWP of the UE.
· 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.



L1-RSRP measurements on cell with different PCI from serving cell are for both inter-cell beam management and also for inter-cell multi-TRP. The L1-RSRP measurement requirements would be applicable to both.
Proposal #1: The L1-RSRP measurement requirements on cell with different PCI are applicable to inter-cell beam management and inter-cell multi-TRP.
Known condition for L1-RSRP measurement
The SSB from cell with different PCI are configured for L1-RSRP measurements in CSI report config. Also, there is no agreement in RAN1 that UE has already identified and measured the cell with different PCI configured for L1-RSRP measurement. Hence, we need to define a condition for known cell.
The known cell condition for cell with different PCI L1-RSRP measurement can be defined as follows:
In FR1 the cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds.
In FR2  the cell is known if, during the last 5 seconds –
· the UE has sent a valid measurement report for the cell with different PCI and 
· One of the SSBs measured from the cell with different PCI being configured remains detectable 
Otherwise, the cell is unknown.
Proposal #2: Define known cell condition for L1-RSRP as 
In FR1 the cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds.
In FR2  the cell is known if, during the last 5 seconds –
· the UE has sent a valid measurement report for the cell with different PCI and 
· One of the SSBs measured from the cell with different PCI being configured remains detectable 
Otherwise, the cell is unknown.


Measurement period
The measurement period for L1-RSRP measurements for SSB with different PCI could be based on the existing serving cell L1-RSRP measurements for FR1 and FR2 for known cell. 
Proposal #3: Define SSB based L1-RSRP measurement period for known cell with different PCI similar to existing serving cell requirements. 
The measurement period on known cell with different PCI for FR1 and FR2 could be defined as: 
Measurement period TL1-RSRP_DiffPCI_Measurement_Period_SSB for FR1
	Configuration
	TL1-RSRP_Neighbor_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB_diffPCI)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P)*max(TDRX,TSSB_diffPCI))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TSSB_diffPCI is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	K = 1 when TSSB ≤ 40 ms and highSpeedMeasFlag-r16 are configured; otherwise K = 1.5.



Measurement period TL1-RSRP_DiffPCI_Measurement_Period_SSB for FR2
	Configuration
	TL1-RSRP_Neighbor_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB_diffPCI)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB_diffPCI))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB_diffPCI is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.



Where,
-	M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise 
-	N= 8.
The definition of P can be based on what we currently have for L1-RSRP measurements for the serving cell, where TSSB is replaced by TSSB_diffPCI.

For example, in FR1, if cell with different PCI is not overlapping with SSB of serving cell
-	P=, when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB; and
-	P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.


If the cell is unknown, then the measurement period would be extended by the time needed for cell identification, measurement and report. Since this is an intra-frequency measurement without gap, the time for cell identification and measurement can be based on intra-frequency cell identification requirements without gap.
In FR1-FDD: Tidentify_intra_with_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra + TSSB_time_index_intra) ms 
In FR1 TDD and FR2: Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra) ms 
Proposal #4: For unknown cell, the L1-RSRP measurement period is extended by the time needed for intra-frequency cell identification and measurement. 

Measurement restriction
We need to define measurement restriction on SSB based L1-RSRP measurements, if the SSB from cell with different PCI is on the same OFDM symbol as SSB or CSI-RS from serving cell for other L1 measurements as follows: 
For FR1, when the SSB from cell with different PCI for L1-RSRP measurement is in the same OFDM symbol as CSI-RS from serving cell for RLM, BFD, CBD or L1-RSRP measurement, 
· If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for L1-RSRP measurement without any restriction;
· If SSB and CSI-RS have different SCS,
· If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for L1-RSRP measurement without any restriction;
· If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.

For FR1, when the SSB from cell with different PCI for L1-RSRP measurement is in the same OFDM symbol as SSB from serving cell for RLM, BFD, CBD or L1-RSRP measurement, UE shall be able to measure SSB from both serving and cell with different PCI without any restriction.
For FR2, when the SSB from cell with different PCI for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS or SSB from serving cell for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
For FR2, there is no measurement restriction allowed when the network configures mixed numerology between SSB from cell with different PCI for L1-RSRP measurement on one FR2 band and CSI-RS or SSB from serving cell for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement on the other FR2 band, provided that UE is capable of independent beam management on this FR2 band pair.

Proposal #5: Define Measurement restriction on SSB based L1-RSRP measurements for cell with different PCI, if the SSB from cell with different PCI is on the same OFDM symbol as SSB or CSI-RS from serving cell for other L1 measurements.
Scheduling Restrictions
For SSB based L1-RSRP measurements on cell with different PCI, the following scheduling availability need to be defined:
· Scheduling availability of UE performing L1-RSRP measurement on with a same subcarrier spacing as PDSCH/PDCCH on FR1
· Scheduling availability of UE performing L1-RSRP measurement with a different subcarrier spacing than PDSCH/PDCCH on FR1
· Scheduling availability of UE performing L1-RSRP measurement on FR2
· Scheduling availability of UE performing L1-RSRP measurement on FR1 or FR2 in case of FR1-FR2 inter-band CA
Proposal #6: Define scheduling availability for UE performing L1-RSRP measurement on cell with different PCI. 

The other open issues related to inter-cell beam management are:
· L1-RSRP measurement requirements for Nmax > 1
· Timing offset assumptions between serving and cell with different PCI
· FFT implementation assumption
· RX Beam Assumption
· Measurement behavior
Requirements for Nmax>1
Nmax is the maximum number of RRC configured PCIs different from serving cell for measurement and reporting. Nmax is based on UE capability indication and minimum value is Nmax=1 and maximum value is Nmax=7. In RAN4 we define minimum requirements, so we should define requirements for Nmax =1. We don’t need to define requirements for Nmax > 1. Also, it is not clear how the minimum requirements will change is UE is capable of Nmax>1. 
Proposal #7: RAN4 defines requirements for Nmax=1 only. 
   
Timing offset and FFT assumption
The inter-cell beam management and inter-cell multi-TRP framework are with the assumption that UE receives signals – both dedicated and non-dedicated from serving and cell with different PCI with single FFT and with timing offset within CP. RAN1’s design doesn’t support asynchronous reception for inter-cell BM and inter-cell mTRP in our understanding. 
Observation #1: Inter-cell beam management and inter-cell multi-TRP framework are under the assumption that UE receives signals from serving and cell with different PCI with single FFT with timing offset assumption < CP.
For inter-cell multi-TRP the UE receives dedicated signals from 2 cells simultaneously and with single FFT. Multi-TRP transmission assumes that signals are received within CP. For inter-cell multi-TRP the SSB for L1-RSRP measurement should also be received with single FFT and timing offset within CP. 
Observation #2: Inter-cell multi-TRP assumes dedicated and non-dedicated signals to be received from serving and cell with different PCI with single FFT and with timing offset < CP.
 
For inter-cell beam management, the UE is receiving non-dedicated signals from serving cell and cells with different PCI simultaneously. Dedicated signals are only received from one cell at a time but need to be received along with non-dedicated signals from other cells simultaneously. If we don’t restrict to single FFT operation and timing offset within CP, additional scheduling restrictions would need to be defined to support L1-RSRP measurement or dedicated channel reception from cell with different PCI.
Observation #3: For inter-cell beam management, if timing offset > CP is allowed additional scheduling restriction is needed for L1-RSRP measurement and dedicated channel reception from cell with different PCI. 
Based on the observations above, for L1-RSRP measurements for cell with different PCI we should restrict to single FFT and timing offset assumption within CP. 
Proposal #8: L1-RSRP measurements for cell with different PCI should be restricted to single FFT operation and timing offset assumption within CP. 

RX Beam and Measurement behavior assumption
Open issues from last meeting:
· RAN4 will further study the Rx beam assumption for L1 RSRP measurement
· RAN4 will further study the measurement behaviour for L1-RSRP measurement for non-serving cell whether to perform the non-serving cell L1-RSRP measurement outside SMTC or within SMTC
These two issues above can be treated together. Firstly, SMTC is configured for L3 measurements for neighbor cells. L1-RSRP measurement on cell with different PCI is different from L3 measurement on neighbor cells. For neighbor cells the measurement is restricted to SMTC as the SSB periodicity and location is unknown to the UE. But for SSB with different PCI configured for L1-RSRP measurement, UE is configured with SSB location information. 
Observation #4: UE knows the SSB time location of cells with different PCI configured for L1-RSRP measurement.
The UE need not restrict the L1-RSRP measurements on cell with different PCI to SMTC. Moreover, SMTC is configured with a much larger periodicity to accommodate all neighbor cells with different periodicities and would limit the L1-RSRP measurement. 
Observation #5: If L1-RSRP measurement is restricted to SMTC the measurement period would be much longer. 
Also, during SMTC for L3 measurements UE typically uses a rough beam for measurements. L1-RSRP measurements on cells with different PCI are for beam management and would need UE to use fine beam like other serving cell measurements. 
Observation #6: UE is expected to use fine beam for L1-RSRP measurement on cells with different PCI as it is for beam management and beam indication. 
Based on these observations we propose that L1-RSRP measurements on cell with different PCI are not restricted to SMTC. The requirements are defined with assumption that UE treats L1-RSRP measurement on cells with different PCI similar to other L1 measurements on the serving cell. 
Proposal #9: Do not restrict L1-RSRP measurement on cells with different PCI to SMTC. 
Proposal #10: Define requirements for L1-RSRP measurements on cell with different PCI with similar assumptions (for e.g., RX beam) as L1 measurements on serving cell. 

Discussion on RAN1 LS
RAN4 has received LS from RAN1 on L1-RSRP measurement behaviour when SSBs associated with different PCIs overlap [2]. 
	Agreement
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
· FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 

Agreement
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



If serving cell SSB and SSB from cell with different PCI overlap, we need discuss the measurement behaviour separately for FR1 and FR2.


For FR1, when the SSB from cell with different PCI for L1-RSRP measurement is in the same OFDM symbol as SSB from serving cell for RLM, BFD, CBD or L1-RSRP measurement, UE shall be able to measure SSB from both serving and cell with different PCI without any restriction.
For FR2, when the SSB from cell with different PCI for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS or SSB from serving cell for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined. Similar measurement restriction will apply if SSBs from one than one cell with different PCI overlaps in the same symbols in FR2.

For FR2 if the UE is capable of simultaneous reception with different QCL Type D, then it can measure SSB from 2 cells simultaneously if they overlap. 
The draft replay LS is provided in the Appendix. 
 Proposal #11: Further discuss reply LS to RAN1.

3. Conclusion
In this paper, we provide our views on requirements for intercell beam management and propose LS reply to RAN1. Our observations and proposals are captured below:
L1-RSRP Measurements for inter-cell beam management
Proposal #1: The L1-RSRP measurement requirements on cell with different PCI are applicable to inter-cell beam management and inter-cell multi-TRP.
Proposal #2: Define known cell condition for L1-RSRP as 
In FR1 the cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds.
In FR2  the cell is known if, during the last 5 seconds –
· the UE has sent a valid measurement report for the cell with different PCI and 
· One of the SSBs measured from the cell with different PCI being configured remains detectable 
Otherwise, the cell is unknown.

Proposal #3: Define SSB based L1-RSRP measurement period for known cell with different PCI similar to existing serving cell requirements. 
Proposal #4: For unknown cell, the L1-RSRP measurement period is extended by the time needed for intra-frequency cell identification and measurement. 
Proposal #5: Define Measurement restriction on SSB based L1-RSRP measurements for cell with different PCI, if the SSB from cell with different PCI is on the same OFDM symbol as SSB or CSI-RS from serving cell for other L1 measurements.
Proposal #6: Define scheduling availability for UE performing L1-RSRP measurement on cell with different PCI. 
Proposal #7: RAN4 defines requirements for Nmax=1 only. 
Timing offset and FFT assumption
Observation #1: Inter-cell beam management and inter-cell multi-TRP framework are under the assumption that UE receives signals from serving and cell with different PCI with single FFT with timing offset assumption < CP.
Observation #2: Inter-cell multi-TRP assumes dedicated and non-dedicated signals to be received from serving and cell with different PCI with single FFT and with timing offset < CP.
Observation #3: For inter-cell beam management, if timing offset > CP is allowed additional scheduling restriction is needed for L1-RSRP measurement and dedicated channel reception from cell with different PCI. 
Proposal #8: L1-RSRP measurements for cell with different PCI should be restricted to single FFT operation and timing offset assumption within CP. 
Rx beam and Measurement behavior assumption
Observation #4: UE knows the SSB time location of cells with different PCI configured for L1-RSRP measurement.
Observation #5: If L1-RSRP measurement is restricted to SMTC the measurement period would be much longer. 
Observation #6: UE is expected to use fine beam for L1-RSRP measurement on cells with different PCI as it is for 
beam management and beam indication. 
Proposal #9: Do not restrict L1-RSRP measurement on cells with different PCI to SMTC. 
Proposal #10: Define requirements for L1-RSRP measurements on cell with different PCI with similar assumptions (for e.g., RX beam) as L1 measurements on serving cell. 
Proposal #11: Further discuss reply LS to RAN1.
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1. Overall Description: 
RAN4 would like to thank RAN1 for the LS on L1-RSRP measurement behaviour when SSBs associated with different PCIs overlap. RAN4 has discussed the issue and our response is provided below.


For FR1, when the SSB from cell with different PCI for L1-RSRP measurement is in the same OFDM symbol as SSB from serving cell for RLM, BFD, CBD or L1-RSRP measurement, UE shall be able to measure SSB from both serving and cell with different PCI without any restriction.
For FR2, when the SSB from cell with different PCI for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS or SSB from serving cell for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined. Similar measurement restriction will apply if SSBs from one than one cell with different PCI overlaps in the same symbols in FR2.
For FR2 if the UE is capable of simultaneous reception with different QCL Type D, then it can measure SSB from 2 cells simultaneously if they overlap. 

2. Actions:
To RAN1
ACTION:
RAN1 would like to respectfully request RAN4 to take the above information into account for expected L1-RSRP measurement behaviour on SSBs associated with different PCIs. 

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #102-e      21 Feb. – 03 Mar. 2022                                Online
TSG-RAN WG4 Meeting #103-e      16 May – 27 May 2022                                Online


