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1 Introduction
In this meeting, we will provide our view regarding to inter-cell beam management, some open issues are as follows:
	· Whether to consider additional known cell condition
· Whether Inter-cell L1-RSRP requirements are applicable for inter cell mTRP
· Sharing factors
· LS from RAN1


2 Discussion
2.1 Known cell condition
	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 previous meeting, we agreed in RAN4 that L3 measurements should be configured prior to L1-RSRP for cell with different PCI. Known cell condition is defined based on L3 measurement.
Proposal 1: Don’t need additional known cell condition with L1 measurement.
2.2 Whether Inter-cell L1-RSRP requirements are applicable for inter cell mTRP

	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.



From the LS from RAN1(R1-2110631), RAN1 confirm:
	Question 1: RAN2 notes that WI objective 1 states " The same beam measurement/reporting mechanism will be reused for inter-cell mTRP "). RAN2 would like to understand if the entire inter-cell BM is also applicable to inter-cell mTRP? If not, which part is not applicable to mTRP and how does that work?

Answer 1: Rel17 Inter-cell BM and inter-cell mTRP have common points but they are not entirely the same. The common and different points are as follows: they both use the same beam measurement/reporting mechanisms but they have different TCI signaling framework (beam indication) as inter-cell BM is based on Rel17 unified TCI while inter-cell mTRP is based on Rel15/16 TCI framework. For inter-cell BM, UE assumes that the UE-dedicated channels/RSs can be switched to a TRP with different PCI according to DCI/MAC-CE based unified TCI update; for inter-cell mTRP, UE assumes mDCI-mTRPbased multi-PDSCH reception.



Therefore, the inter-cell beam measurement will be re-used for inter-cell mTRP. For inter-cell mTRP with simultaneously reception, it will be discussed in Rel-18. Currently, L1-RSRP requirements for inter-cell BM are applicable to inter-cell mTRP case with sequential measurements.  Therefore, we prefer option 2 and 3.
Proposal 2: Inter-cell L1-RSRP measurements are applicable for both inter-cell BM and inter-cell mTRP with sequential measurements.

	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.



The current definition about known cell is as follows:
	The cell with different PCI from serving cell is considered as known if the following conditions are met in this requirement:
- The SSB from the cell with different PCI completely contained in the active BWP or associated with initial downlink BWP of the UE
- The SSB of the cell with different PCI from serving cell has the same SCS, sfn-SSB-Offset and center frequency as the SSB of the serving cell
- The timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS
- The UE has sent a valid L3 measurement report during the last 5 seconds, and
- The SSB from the cell with different PCI remains detectable according to the cell identification requirements specified in clause 9.2.
Otherwise, the cell is unknown.



If the cell is unknown, NW will not configure L1-RSRP, then UE will not send L1-RSRP report. 
One special condition is about timing offset which may vary with time and it will cost extra effort for UE to calculate the timing offset and compare it with the CP length. For CSI-RS L3 measurement, similar discussion happens and the final agreement is as follows:
	RAN4 #102e
Issue 1-1-1 UE behavior when the timing offset exceeds the threshold with single FFT assumption
· Agreement: 
· UE is not required to report CSI-RS based L3 measurements. If UE reports CSI-RS based L3 measurement, then the UE may not meet CSI-RS based L3 measurement reporting requirements in TS 38.133 section 9.10.2.4 and 9.10.3.4 based on the accuracy requirements for the case when the timing offset is below the threshold
· Do not define test cases to verify UE behavior for the case when the timing offset is above the threshold



Therefore, similar requirement can be defined for L1-RSRP for NSC:
· If the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is larger than CP length, UE is not required to report L1-RSRP. If UE reports L1-RSRP measurement, then the UE may not meet L1-RSRP measurement reporting requirements based on the accuracy requirements for the case when the timing offset is below the threshold.

Proposal 3: The UE shall send L1-RSRP reports only for report configurations configured for the active BWP. 
· If the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is larger than CP length, UE is not required to report L1-RSRP. 
· If UE reports L1-RSRP measurement, then the UE may not meet L1-RSRP measurement reporting requirements based on the accuracy requirements for the case when the timing offset is below the threshold.
2.3 Sharing factors
	
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.



In last meeting, the sharing factor is found to be problematic in some scenarios and needs to be modified.
In legacy, we agree to introduce sharing factor for SC and cell with different PCI (CDP). Here, TSSB_NSC is replaced with TSSB_CDP for cell with different PCI to alignment the definition in the spec.
· For FR2, introduce sharing factor for serving cell PSC and cell with different PCI PCDP
	#
	Scenario
	PSC
	PCDP

	1
	TSSB,SC = TSSB,CDP < TSMTC
	[2]
	[2]

	2
	TSSB,CDP < TSSB,SC = TSMTC
	1
	1

	3
	TSSB,SC < TSSB,CDP < TSMTC
	
	1

	4
	TSSB,CDP < TSSB,SC < TSMTC
	1
	

	5
	TSSB,CDP >= TSMTC,
	No L1-RSRP requirement applied.



Here,  and  are originally configured SSB periodicity for SC and cell with different PCI respectively. However, since SMTC and MG will have impact on the SSB resource of SC and cell with different PCI, the actually used SSB periodicity will be used.  The actually used SSB periodicity will be scaled by P, e.g. P*TSSB.
Where P is original factors defined for serving cell L1-RSRP measurement in section 9.5.4. 1 or 9.13.4.1, which only consider the colliding of SMTC/MG with SSB from one cell. 
Please note the P for serving cell and cell with different PCI may be different due to different colliding scenario and SSB periodicity. To avoid confusion, here, we use P1 and P2 for serving cell and cell with different PCI respectively. 
	Section 9.5.4.1
For FR2,
    - P1 =, when SSB of serving cell 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.
-	P1 is Psharing factor, when SSB of serving cell is not overlapped with measurement gap and SSB is fully overlapped with SMTC period (TSSB = TSMTCperiod).
……
- P1 =, when SSB of serving cell is partially overlapped with GAP and SSB is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with GAP and
-	TSMTCperiod ≠ xRP or
-	TSMTCperiod = xRP and TSSB < 0.5*TSMTCperiod
- P1 =, when SSB of serving cell is partially overlapped with GAP (TSSB < xRP) and SSB is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is partially or fully overlapped with GAP.
Section 9.13.4.1
- P2 =, when SSB is not overlapped with measurement gap and SSB is partially overlapped with SMTC occasion (TSSB_CDP < TSMTCperiod). 
- P2 =, when SSB is partially overlapped with measurement gap and SSB is partially overlapped with SMTC occasion (TSSB_CDP < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and
-	TSMTCperiod ≠ MGRP or
-	TSMTCperiod = MGRP and TSSB_CDP < 0.5*TSMTCperiod
- P2= ,when SSB is partially overlapped with measurement gap (TSSB_CDP <MGRP) and SSB is partially overlapped with SMTC occasion (TSSB_CDP < TSMTCperiod) and SMTC occasion is partially or fully overlapped with measurement gap.



Observation 1: In the sharing factor table,  and  are originally configured SSB periodicity for SC and NSC respectively. However, the actual used SSB periodicity will be used by considering the impact of SMTC and MG.
Therefore,  and   will be replaced by  and , where the new periodicity has removed the impact of SMTC and MG for SC and cell with different PCI respectively.  and  are derived below:
SSB_SC
 P2 *TSSB_CDP
Proposal 4: TSSB_SC and TSSB_CDP needs to be updated by P1 *TSSB_SC and P2 *TSSB_CDP, where P1 and P2 are original scaling factors defined for L1-RSRP measurement in section 9.5.4. 1 and 9.13.4.1. 
After updating  by  and , the scenario become simple, where we can only consider the SSB collision between serving cell and cell with different PCI.
Observation 2: After updating by  and , only need to consider SSB collision between serving cell and cell with different PCI.
Therefore, the sharing factor table can be re-used by removing TSMTC part.
	#
	Scenario
	PSC
	PCDP

	1
	T’SSB,SC = T’SSB,CDP 
	2
	2

	2
	T’SSB,SC < T’SSB,CDP 
	
	1

	3
	T’SSB,CDP < T’SSB,SC 
	1
	



Proposal 5: After updating by  and , the sharing factor of PSC and PCDP will be updated in the spec as:
	#
	Scenario
	PSC
	PCDP

	1
	T’SSB,SC = T’SSB,CDP 
	2
	2

	2
	T’SSB,SC < T’SSB,CDP 
	
	1

	3
	T’SSB,CDP < T’SSB,SC 
	1
	



The similar definition of PSC and PCDP can be used in the specification with the update of  and .
For serving cell measurement:
[bookmark: _Hlk110854102]       -   PSC =  ,   if P1*TSSB_SC < P2*TSSB_CDP where P2 is defined in 9.13.4.1.
        -    PSC = 1, if P1*TSSB_SC > P2*TSSB_CDP where P2 is defined in 9.13.4.1  
       -   PSC = 2, if P1*TSSB_SC = P2*TSSB_CDP where P2 is defined in 9.13.4.1.
For cell with different PCI:
      -   PCDP = , if P2*TSSB_CDP < P1*TSSB_SC where P1 is defined in 9.5.4.1.
      -   PCDP = 1, if P2*TSSB_CDP> P1*TSSB_SC where P1 is defined in 9.5.4.1.
      -   PCDP = 2, if P1*TSSB_SC = P2*TSSB_CDP where P1 is defined in 9.5.4.1.
The final measurement for serving cell and cell with different PCI will be updated in the below tables, We also provide the CR[] for the related modification.
Table 9.5.4.1-2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P1*N*PSC)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P1*N*PSC)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P1*N*PSC)*TDRX

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




Table 9.13.4.1-2: Inter-cell L1-RSRP measurement period TL1-RSRP_Measurement_Period_SSB_CDP for known cells with different PCIs in FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB_CDP (ms) 

	non-DRX
	max(TReport, ceil(M*P2*N*PCDP)*TSSB_CDP)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M* P2*N*PCDP)*max(TDRX,TSSB_CDP))

	DRX cycle > 320ms
	ceil(1.5*M* P2*N*PCDP)*TDRX

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



2.4 LS from RAN1
There is LS[2] from RAN1:
	Working assumption On inter-cell beam management, the PDCCH /PDSCH should be rate matched around the SSBs indicated by ssb-PositionsInBurst-r17 for the same PCI as that associated with TCI state of the PDSCH /PDCCH
· Send LS to RAN4 on whether there is requirements in RAN4 that assumes UE to measure SSB for L1-RSRP measurement and receiving PDSCH /PDCCH on the same RE in FR1. Revisit this issue after there is RAN4 feedback.



RAN1 has already agree that PDCCH /PDSCH should be rate matched around the SSBs for the same PCI as that associated with TCI state of the PDSCH /PDCCH. In other words,  rate matching is per PCI.
In 38.213, RAN1 specified that when PDCCH is overlapped with SSB of the same cell, the UE is not required to monitor the PDCCH candidate.
	TS 38.213:
For monitoring of a PDCCH candidate by a UE, if the UE
[bookmark: _Hlk493885951]-	has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
-	does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and 
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, 
the UE is not required to monitor the PDCCH candidate.
the UE is not required to monitor the PDCCH candidate.
For monitoring of a PDCCH candidate by a UE, if the UE
-	has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
-	does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and 
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, 
the UE is not required to monitor the PDCCH candidate.
For monitoring of a PDCCH candidate by a UE, if the UE
-	has received ssb-PositionsInBurst in AdditionalPCIInfo for a serving cell, and
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in AdditionalPCIInfo with same physical cell identity as the one associated with a RS having same quasi-collocation properties as a CORESET for the PDCCH candidate, 
the UE is not required to monitor the PDCCH candidate.



Observation 3: In RAN1, UE will not monitor PDCCH when one RE of PDCCH is overlapped with one RE of SSB of the same cell.
	TS 38.214:
5.1.4	PDSCH resource mapping
……
When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.
When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, MSGB-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurs, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
A UE expects a configuration provided by ssb-PositionsInBurst in ServingCellConfigCommon to be same as a configuration provided by ssb-PositionsInBurst in SIB1.
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Clauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 
A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.



Observation 4: In RAN1, UE assume that the PRBs containing SSB are not available for PDSCH .
Therefore, UE can’t process PDCCH/PDSCH and SSB with the same PCI simultaneously when REs are overlapped. 
Observation 5: In RAN1, UE can’t process PDCCH/PDSCH and SSB with the same PCI simultaneously when REs are overlapped. 
RAN1 is currently further discussing whether PDCCH/PDSCH needs to be rate matched with SSB configured for L1-RSRP from cell with different PCI to avoid overlapping. Let’s first discuss whether the scenario exist or not in RAN4 specification.
In RAN4, since we only define inter-cell BM requirement for known cell condition, where SSB offset is the same for two cells. 
· The SSB of the cell with different PCI from serving cell has the same SCS, sfn-SSB-Offset and center frequency as the SSB of the serving cell
However, since the periodicities of SSB from serving cell and cell with different PCI are different, it’s possible that PDCCH/PDSCH reception from one cell will be overlapped with SSB for L1-RSRP measurement from another cell one the same RE in the same symbol, the figures are shown below:


 
In RAN4 scenario, it’s possible that PDCCH/PDSCH reception from one cell will be overlapped with SSB for L1-RSRP measurement from another cell one the same RE, due to different periodicity of SSBs.
In current RAN4 requirement for inter-cell L1-RSRP, RAN4 design the scheduling restriction when the SSB and data are scheduled in the same OFDM symbol. However, RAN4 didn’t consider the scenario that data is overlapped with SSB in the same RE. According to current RAN4 specification, only when SCS between SSB and data is different, and UE didn’t support simultaneousRxDataSSB-DiffNumerology, there is scheduling restriction to avoid the overlap of SSB with data in the same symbol. If they are not in the same symbol, of course, they are not in the same RE. in other cases, there are not scheduling restrictions.
Observation 6: In RAN4, only when SCS is different and UE didn’t support simultaneousRxDataSSB-DiffNumerology, there is scheduling restriction to avoid overlap of SSB and data in the same symbol. For other cases, there are not scheduling restrictions.
When overlapping on the same RE happens, if UE needs to do measurement and date reception simultaneously, it will cause performance degradation and introduce additional UE complexities. RAN4 needs to further discuss whether need to define scheduling restriction to avoid overlapping and where to define the restriction, e.g. RAN1 or RAN4.
If the restriction is defined in RAN1, then RAN4 can just mention that there is no specific scheduling restriction to avoid such overlapping.
If the restriction is defined in RAN4, RAN4 needs to update the related scheduling restrictions. One example is as below:
· When at least one RE of PDCCH/PDSCH is overlapping with at least one RE of SSB configured for L1-RSRP measurement from cell with different PCI, The UE is not expected to receive PDCCH/PDSCH on symbols corresponding to the SSB indexes configured for L1-RSRP measurement, where the reception of PDCCH/PDSCH may be on serving cell(s) and cell(s) with PCI different from serving cell(s).

Proposal 6: Prefer to define scheduling restriction to avoid overlap between SSB and data on the same RE. RAN4 needs to further discuss whether it’s up to RAN1 or RAN4 to define the restriction.
3 Conclusion
In this contribution, we provide our views regarding inter-cell beam management in FeMIMO:
Proposal 1: Don’t need additional known cell condition with L1 measurement.
Proposal 2: Inter-cell L1-RSRP measurements are applicable for both inter-cell BM and inter-cell mTRP with sequential measurements.
Proposal 3: The UE shall send L1-RSRP reports only for report configurations configured for the active BWP. 
· If the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is larger than CP length, UE is not required to report L1-RSRP. 
· If UE reports L1-RSRP measurement, then the UE may not meet L1-RSRP measurement reporting requirements based on the accuracy requirements for the case when the timing offset is below the threshold.
Observation 1: In the sharing factor table,  and  are originally configured SSB periodicity for SC and NSC respectively. however, the actual used SSB periodicity will be used by considering the impact of SMTC and MG.
Proposal 4: TSSB_SC and TSSB_CDP needs to be updated by P1 *TSSB_SC and P2 *TSSB_CDP, where P1 and P2 are original scaling factors defined for L1-RSRP measurement in section 9.5.4. 1 and 9.13.4.1. 
Observation 2: After updating by  and , only need to consider SSB collision between serving cell and cell with different PCI.
Proposal 5: After updating by  and ,  the below sharing factor can be re-used:
	#
	Scenario
	PSC
	PCDP

	1
	T’SSB,SC = T’SSB,CDP 
	2
	2

	2
	T’SSB,SC < T’SSB,CDP 
	
	1

	3
	T’SSB,CDP < T’SSB,SC 
	1
	



Observation 3: UE will not monitor PDCCH when one RE of PDCCH is overlapped with one RE of SSB of the same cell.
Observation 4: UE assume that the PRBs containing SSB are not available for PDSCH .
Observation 5: UE can’t process PDCCH/PDSCH and SSB with the same PCI simultaneously when REs are overlapped.
Observation 6: In RAN4, only when SCS is different and UE didn’t support simultaneousRxDataSSB-DiffNumerology, there is scheduling restriction to avoid overlap of SSB and data in the same symbol. For other cases, there are not scheduling restrictions.
Proposal 6: Prefer to define scheduling restriction to avoid overlap between SSB and data on the same RE. RAN4 needs to further discuss whether it’s up to RAN1 or RAN4 to define the restriction.
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