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1. Introduction 
In RAN4#103-e requirements for intercell beam management were discussed and way forward [1] was agreed.  In this contribution we present our views on the remaining open issues for intercell beam management.   
2. Discussion
Sharing factors
In RAN4#102-e, we agreed on the measurement period for inter-cell L1-RSRP measurements. In FR2, we agreed on sharing factors as
· For FR2, introduce sharing factor for serving cell PSC and cell with different PCI PCDP
	#
	Scenario
	PSC
	PCDP

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

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

	3
	TSSB,SC < TSSB,NSC < TSMTC
	
	1

	4
	TSSB,NSC < TSSB,SC < TSMTC
	1
	

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


The above factors are applied over the other sharing factors. 
-	P=, when SSB is not overlapped with measurement gap and SSB is partially overlapped with SMTC occasion (TSSB_CDP < TSMTCperiod). 
-	P=, when S 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.

If we take the example shown below where TSSB,SC < TSSB,NSC < TSMTC, based on illustration ‘P’ for serving cell is 2 and ‘P’ for non-serving cell is 2. 
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Based on the agreements in last meeting, we have the following measurement period scaling, which is incorrect:
	
	Serving cell
	Cell with Diff PCI

	PSC or PCDP
	2
	1

	P
	8/3
	2



Observation #1: The sharing factors agreed when periodicity of serving cell SSB and SSB from cell with different PCI are different and less than SMTC are incorrect.  
Furthermore, if MG is partially overlapping with SMTC, that is not considered in the existing sharing factors. 
Observation #2: The current sharing factors don’t account for MG correctly.  
We propose that RAN4 further discuss the sharing factors considering all cases and taking into account SSB occasions form serving and cell with different PCI, Measurement gap and SMTC occasion, and capture it in the requirements.

Proposal #1: RAN4 further discuss and agree on the sharing factors considering SSB occasions form serving cell and cell with different PCI, measurement gap and SMTC occasions.

2.1.1 Applicability of sharing factors 
The sharing factors are defined between serving cell and cell with different PCI when they overlap. In RAN4 we have not discussed the definition of overlapping SSB. 2 cases are possible:
Case 1: SSB are overlapping when the periodicity and offset of SSB from serving cell and cell with different PCI result in overlapping SSB window, SSB index are not considered
	Example:  TSSB,SC = 20, with offset 1 and TSSB,CDP = 40, with offset 1; SSB index not considered- SSB index of serving cell and cell with different PCI are same or different
Case 2: SSB are overlapping when they have the same SSB index in addition to overlapping SSB window.
Example:  TSSB,SC = 40, with offset 1 and TSSB,CDP = 20, with offset 1; SSB index = 3 for both SSBs.

Observation #3: Overlapping SSB between serving cell and cell with different PCI could have 2 possibilities – Case 1 – SSBs are overlapping if they overlap based on SSB periodicity and offset alone with overlapping SSB window; Case 2 – SSBs are overlapping if they overlap in SSB window and have same SSB index. 
We propose that RAN4 discusses the definition of overlapping SSB and confirm if SSB index shall be in overlapping SSB definition.
Proposal #2: RAN4 further discuss and confirm definition of overlapping SSB between serving cell and cell with different PCI and capture it in spec.
If we agree on Case 1 as definition of overlapping SSB, then the sharing factors are applicable when SSB window of serving cell and cell with different PCI overlap, without considering SSB index. 
Observation #4: If Case 1 is agreed as the definition of overlapping SSBs, sharing factors are applicable when SSBs windows overlap based on periodicity and offset of SSBs without considering SSB index.
If case 2 is agreed as definition of overlapping SSB, then we need to consider SSB index in overlapping definition. 
Observation #5: If case 2 is agreed as definition of overlapping SSB, then we need to consider SSB index in the definition of overlapping.
If sharing factors are applicable when SSB occasions are overlapping based on periodicity and offset, without considering SSB index, then no additional discussion is needed. If sharing factors are applicable when SSBs are overlapped based on SSB index, then we need to consider additional aspects in FR2. 
Proposal #3: In case overlapping is defined based on SSB occasion and SSB index, we further discuss overlapping definition and applicability of sharing factors in FR2. 
In FR2 in both 120KHz SCS and 240KHz SCS the SSBs of consecutive index are adjacent to each other. For L1 measurements on serving cell and cell with different PCI the Rx beams might not be the same. To measure adjacent SSBs from different cells the RX beam would likely need to switch. 
[image: ]
Observation #6: The RX beams need to switch for measuring adjacent SSBs from different cells
If the overlapping SSB definition is based on same SSB index between serving cell and cell with different PCI and sharing factor applies only for that case, if UE needs to measure SSBi from serving cell and SSBi+1 from cell with different PCI that are adjacent, the UE likely needs to change Rx beam and might be challenging. 
Observation #7: Measuring serving cell SSB and SSB from cell with different PCI that are adjacent without sharaing factor might be challenging for UE 
Hence, we propose to define overlapping SSB as SSBs from different cells when SSBs are adjacent and no symbol gap between. Sharing factor applies when SSBs from serving and cell with different PCI are overlapping.
Proposal #4: If we define overlapping considering SSB index - Define overlapping SSBs when SSBs from different cells have the same SSB index or are adjacent without symbol gap between them. Sharing factor applies on overlapping SSBs from different cells. 


Scheduling Restriction
In [1], scheduling restriction for dynamic TDD is FFS:
	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.



The UE might receive SSB for inter-cell beam management on the same slots configured as UL slots in dynamic TDD configuration. The UE cannot measure L1-RSRP and also transmit on UL slots at the same time, hence we to prioritize either L1-RSRP measurement or UL transmission. 
 For inter-cell beam management, in FR1 we only have scheduling restriction if PDCCH/PDSCH are on different SCS than SSB and UE doesn’t support simultaneousRxDataSSB-DiffNumerology. In FR2, we have scheduling restriction on symbols overlapping with SSB for L1-RSRP measurement. The scheduling restriction or measurement restriction in TDD bands in FR1 is missing.
Observation #8: Scheduling restriction or measurement restriction is missing in FR1 for SSB symbols from cell with different PCI overlapping with UL slots in dynamic TDD.  

For L3 measurements in dynamic TDD, we introduce scheduling restriction to prioritize L3 measurements over UL transmission. We can  follow the same for inter-cell L1-RSRP measurements and introduce scheduling restriction to prioritize inter-cell L1-RSRP measurement over UL transmission. 

Proposal #5: Introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on cell with different PCI overlaps with serving cell UL slots.

LS from RAN1 on SSB measurement for L1-RSRP on inter-cell beam management
RAN4 has received LS from RAN1 on SSB measurement for L1-RSRP on inter-cell beam management [2]. 
	
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 would kindly like to ask RAN4 to provide feedback on whether there are any requirements that are related to UE measurements of L1-RSRP and reception of PDSCH/PDCCH on the same RE in FR1 for inter-cell beam management. RAN1 would revisit this issue when there is RAN4 feedback.



In FR1 RAN4 has defined scheduling restriction on symbols overlapping with SSB from cell with different PCI if SCS of PDCCH/PDSCH is different from SCS of SSB and UE doesn’t support simultaneousRxDataSSB-DiffNumerology. There are no other scheduling restrictions or scheduling restrictions defined for L1-RSRP measurements on SSB from cell with different PCI. 
Observation #9: RAN4 has scheduling restriction in FR1 for SSB symbols from cell with different PCI configured for L1-RSRP measurements if UE doesn’t support simultaneousRxDataSSB-DiffNumerology and SCS of data and SSB are different. No other measurement restrictions or scheduling restrictions are introduced.
We propose to reply to RAN1 on the status of L1-RSRP measurements currently defined in RAN4, that no restrictions are introduced in FR1 except for the case when SSB and PDCCH/PDSCH SCS are different, and UE doesn’t support simultaneousRxDataSSB-DiffNumerology.
Although RAN4 doesn’t define any scheduling restriction for PDCCH/PDSCH on SSB from cell with different PCI for L1-RSRP, it would be common understanding that performance degradation is expected due to overlapping signals on the same REs. 
Proposal #6: Send reply LS to RAN1 capturing the current status of requirements in RAN4 and consider our TP in the reply LS. 
TP for Reply LS
	RAN4 would like to thank RAN1 for the LS on SSB measurement for L1-RSRP on inter-cell beam management. 
For L1-RSRP measurement on SSB on cell with different PCI, in FR1 RAN4 defines scheduling restriction on PDCCH/PDSCH on symbols overlapping with SSB from cell with different PCI if SSB and PDSCH/PDCCH have different SCS and UE doesn’t support simultaneousRxDataSSB-DiffNumerology. Otherwise, UE is expected to receive PDSCH on symbols overlapping with SSB from cell with different PCI. It is common understanding that some degradation is expected due to overlapping signals on the same REs. 




3. Conclusion
In this paper, we provide our views on requirements for intercell beam management. Our observations and proposals are captured below:
Sharing factors
Observation #1: The sharing factors agreed when periodicity of serving cell SSB and SSB from cell with different PCI are different and less than SMTC are incorrect.  
Observation #2: The current sharing factors don’t account for MG correctly.  
Proposal #1: RAN4 further discuss and agree on the sharing factors considering SSB occasions form serving cell and cell with different PCI, measurement gap and SMTC occasions.

Applicability of Sharing factors
Observation #3: Overlapping SSB between serving cell and cell with different PCI could have 2 possibilities – Case 1 – SSBs are overlapping if they overlap based on SSB periodicity and offset alone with overlapping SSB window; Case 2 – SSBs are overlapping if they overlap in SSB window and have same SSB index. 
Proposal #2: RAN4 further discuss and confirm definition of overlapping SSB between serving cell and cell with different PCI and capture it in spec.
Observation #4: If Case 1 is agreed as the definition of overlapping SSBs, sharing factors are applicable when SSBs windows overlap based on periodicity and offset of SSBs without considering SSB index.
Observation #5: If case 2 is agreed as definition of overlapping SSB, then we need to consider SSB index in the definition of overlapping.
Proposal #3: In case overlapping is defined based on SSB occasion and SSB index, we further discuss overlapping definition and applicability of sharing factors in FR2. 
Observation #6: The RX beams need to switch for measuring adjacent SSBs from different cells
Observation #7: Measuring serving cell SSB and SSB from cell with different PCI that are adjacent without sharaing factor might be challenging for UE 
Proposal #4: If we define overlapping considering SSB index - Define overlapping SSBs when SSBs from different cells have the same SSB index or are adjacent without symbol gap between them. Sharing factor applies on overlapping SSBs from different cells. 

Scheduling Restriction
Observation #8: Scheduling restriction or measurement restriction is missing in FR1 for SSB symbols from cell with different PCI overlapping with UL slots in dynamic TDD.  
Proposal #5: Introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on cell with different PCI overlaps with serving cell UL slots.

Reply LS to RAN1
Observation #9: RAN4 has scheduling restriction in FR1 for SSB symbols from cell with different PCI configured for L1-RSRP measurements if UE doesn’t support simultaneousRxDataSSB-DiffNumerology and SCS of data and SSB are different. No other measurement restrictions or scheduling restrictions are introduced.
Proposal #6: Send reply LS to RAN1 capturing the current status of requirements in RAN4 and consider our TP in the reply LS. 
TP for Reply LS
	RAN4 would like to thank RAN1 for the LS on SSB measurement for L1-RSRP on inter-cell beam management. 
For L1-RSRP measurement on SSB on cell with different PCI, in FR1 RAN4 defines scheduling restriction on PDCCH/PDSCH on symbols overlapping with SSB from cell with different PCI if SSB and PDSCH/PDCCH have different SCS and UE doesn’t support simultaneousRxDataSSB-DiffNumerology. Otherwise, UE is expected to receive PDSCH on symbols overlapping with SSB from cell with different PCI. It is common understanding that some degradation is expected due to overlapping signals on the same REs. 
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