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1. Introduction
Currently in 38.331 [1], we have two IEs that are related to the configuration of timing reference in MO, useServingCellTimingForSync and associatedSSB. The intention of the useServingCellTimingForSync is to indicate whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell. While the intention of the associatedSSB is to indicate the timing reference for the CSI-RS based measurement. 
In this contribution, we discuss the relationship between these two IEs and try to clarify the mutual interaction on configuration.  
2. Discussion
Agreement at RAN1 #AH2 for useServingCellTimingForSync:
Agreement-1:
· An indication related to the synchronization information is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement
Agreement at RAN1#91 for associatedSSB:
Agreement-2:
	Associated-SSB
	For each CSI-RS resource, at most one associated SSB can be configured
[bookmark: OLE_LINK7]Note: If the associated-SSB is signaled, UE is not required to monitor CSI-RS resource(s) when the UE cannot detect the associated SSB
	{0, 1, …, L-1}

	Configured per resource
This field is optional per frequency layer



Agreement at RAN1#AH4 for associatedSSB:
Agreement-3:
· If associated SSB is not configured:
· [bookmark: OLE_LINK6]UE is required to perform measurements based on CSI-RS(s), even if SS/PBCH block(s) with corresponding cell ID are not detected.
· UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.
· If associated SSB is configured:
· UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the Cell_ID of the CSI-RS resource configuration.
· Additionally, if the associated SS/PBCH block is configured, the higher layer parameter qcled-SSB further indicates whether or not the associated SS/PBCH block and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].
 
[bookmark: OLE_LINK1]The useServingCellTimingForSync is configured per carrier and is used to indicate whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell. It’s obvious that the IE can only be configured for MO with SSB. So in current 38.331 [1], the IE is configured in the SSB-ConfigMobility. While the associatedSSB is used to indicate the timing reference for the CSI-RS based measurement. The configuration condition for associatedSSB is not clearly stated up to now. So, in the following, we discuss the mutual interaction on the configuration of these two IEs for different types of MOs and try to clarify the configuration condition of associatedSSB.
MO without SSB:
[bookmark: OLE_LINK3][bookmark: OLE_LINK2]For MO without SSB, there’s no SSB-ConfigMobility configured. So no useServingCellTimingForSync will be configured correspondingly. In this case, per Agreement-3 from RAN1, associatedSSB shouldn’t be configured and the UE is required to perform measurements on CSI-RS resources based on the timing of the serving cell.
Proposal 1: For MO without SSB, no associatedSSB should be configured. The UE performs CSI-RS based measurement based on the timing of the serving cell.
MO with SSB:
For MO with SSB, if the carrier is not synchronized with the serving cell, the useServingCellTimingForSync should be set as FALSE. In this case, when performing CSI-RS based measurement on the MO, the UE can’t base the timing of the CSI-RS resource(s) to the timing of the serving cell. So, the associatedSSB must be configured to indicate the timing reference of the CSI-RS resource(s) explicitly.
Proposal 2: For MO with SSB, if the useServingCellTimingForSync is set to FALSE, the associatedSSB must be configured to indicate the timing reference of the CSI-RS resource(s) explicitly.
If the carrier is synchronized with the serving cell, the useServingCellTimingForSync should be set as TRUE. In this case, the UE can base the timing of the CSI-RS resource(s) to the timing of serving cell. From this perspective, the associatedSSB can be absent. However, per RAN1’s agreement-2 and agreement-3, if the associatedSSB is not configured, the UE is required to perform measurements based on CSI-RS(s), even if SS/PBCH block(s) with corresponding cell ID are not detected. While instead, if the associatedSSB is signaled, the UE is not required to monitor CSI-RS resources(s) when the UE can’t detect the associated SSB with the corresponding cell ID. So given that, if the associatedSSB is configured, it can reduce the measurement effort if the UE can’t detect the associated SSB with the corresponding cell ID.
Proposal 3: For MO with SSB, if the useServingCellTimingForSync is set to TRUE, the associatedSSB can either be configured or not configured. However, with the configuration of associatedSSB, the measurement effort can be reduced if the UE can’t detect the associated SSB with the corresponding cell ID.
[bookmark: OLE_LINK4]Another question is, for MO with SSB that is synchronized with the serving cell, whether the CSI-RS resource(s) with signaled associatedSSB and CSI-RS resource(s) without signaled associatedSSB can be configured in a single MO? The issue was discussed by RAN1 at RAN1#AH4 without the final conclusion: 
– FFS whether CSI-RS resources associated with and without SSB [can] be configured in the same frequency layer.
Proposal 4: Whether CSI-RS resources signaled with and without associatedSSB can be configured in a single MO is left to RAN1 decision.
Given the analysis above, we propose to add a configuration condition for associatedSSB and interpret the usage of associatedSSB clearly in the description field, exampled as following:





MeasObjectNR information element
-- ASN1START
-- TAG-MEAS-OBJECT-NR-START
 
MeasObjectNR ::=							SEQUENCE {
     UNAFFECTED OMITTED
CSI-RS-Resource-Mobility ::=				SEQUENCE {
	csi-rs-ResourceId-RRM					CSI-RS-ResourceId-RRM,
	-- FFS_CHECK whether the following fields are supposed to be per resource (here) or in the resource config (above)
	-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x)FFS_Ref
	slotConfig								CHOICE {
		ms5										INTEGER (0..79),
		ms10									INTEGER (0..159),
		ms20									INTEGER (0..319),
		ms40									INTEGER (0..639)
	},
	-- Each CSI-RS resource may be associated with one SSB. If such SSB is indicated, the NW also indicates whether the UE may assume 
	-- quasi-colocation of this SSB with this CSI-RS reosurce. 
	-- Corresponds to L1 parameter 'Associated-SSB' (see FFS_Spec, section FFS_Section)
	-- FFS: What does the UE do if it there is no such SSB-Index?
[bookmark: OLE_LINK5]	associatedSSB							SEQUENCE {
		-- FFS_Value: Check the value range
		ssb-Index								SSB-Index,
		-- The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
		-- Corresponds to L1 parameter 'QCLed-SSB' (see FFS_Spec, section FFS_Section)
		isQuasiColocated						BOOLEAN
	}					OPTIONAL,               -- Condition SSB-ConfigMobility present
 
	-- Resource Element mapping pattern for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
	resourceElementMappingPattern			ENUMERATED {ffsTypeAndValue},
	-- Sequence generation parameter for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
	sequenceGenerationConfig				INTEGER (0..1023),
	...
}
     UNAFFECTED OMITTED 
}
 
-- TAG-MEAS-OBJECT-NR-STOP
-- ASN1STOP

	MeasObjectNR field descriptions

	UNAFFECTED OMITTED

	associatedSSB
The IE is configured only if SSB-ConfigMobility is present. The IE should be configured if useServingCellTimingForSync is set to FALSE. If present, the UE may base the timing of the CSI-RS resource to the timing of the cell, given by the CellId of the CSI-RS resource. And the UE is not required to monitor CSI-RS resource(s) when the UE can’t detect the associated SSB with the corresponding CellId. If absent, the UE is required to perform measurements based on CSI-RS(s) even if SS/PBCH block(s) with corresponding CellId are not detected. UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.



Proposal 5: Add the configuration condition for associatedSSB and interpret the usage of associatedSSB clearly in the description field.
3. Conclusion and proposals
In this contribution, we discuss the the mutual interaction on the configuration of the two IEs useServingCellTimingForSync, associatedSSB and try to clarify the configuration condition of associatedSSB with the following proposals:
Proposal 1: For MO without SSB, no associatedSSB should be configured. The UE performs CSI-RS based measurement based on the timing of the serving cell.
Proposal 2: For MO with SSB, if the useServingCellTimingForSync is set to FALSE, the associatedSSB must be configured to indicate the timing reference of the CSI-RS resource(s) explicitly.
Proposal 3: For MO with SSB, if the useServingCellTimingForSync is set to TRUE, the associatedSSB can either be configured or not configured. However, with the configuration of associatedSSB, the measurement effort can be reduced if the UE can’t detect the associated SSB with the corresponding cell ID.
Proposal 4: Whether CSI-RS resources signaled with and without associatedSSB can be configured in a single MO is left to RAN1 decision.
Proposal 5: Add the configuration condition for associatedSSB and interpret the usage of associatedSSB clearly in the description field.
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