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1. [bookmark: _Ref9939]Introduction
Per RAN1 spec [1], the UE acquires the timing of the CSI-RS resource for mobility as following:
· If the CSI-RS resource is not configured with associatedSSB, the UE base the timing of the CSI-RS resource on the timing of the serving cell;
· If the CSI-RS resource is configured with associatedSSB, the UE base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration;
Meanwhile, per RAN1 spec, the mixture configuration of CSI-RS resources with and without associatedSSB is allowed on a single frequency (frequency on FR1). The corresponding capturing in 38.214 is copied in Annex1 for reference.
In this contribution, the timing reference of CSI-RS resource for mobility is further clarified from the perspective of RAN2. 
2. Discussion
Per the current RAN2 spec, if associatedSSB is configured in at least one cell, the SSB info (including ssbFrequency, ssbSubcarrierSpacing and smtc) should be mandatory configured in the measurement object. So in this way, the UE performs measurement of these CSI-RS resources based on the timing of the cell given by the cellId of the CSI-RS resource configuration. This is well aligned with the RAN1 spec.
However, for CSI-RS resource not configured with associatedSSB, per RAN1 spec, the UE may base the timing of the CSI-RS resource on the timing of the serving cell. The question is, base on which serving cell in case UE is operating in DC or CA? 
[bookmark: OLE_LINK3]The CSI-RS for mobility occupies only 1 symbol. So if to base the timing of the CSI-RS resource on a serving cell, it should be ensured that the timing difference between the serving cell and the frequency on which the CSI-RS resource is configured is within the CP length (depend on numerology, typically 4~5us in NR). According to 38.104[2] , when operating in CA, the timing difference between the serving cells would not exceed 3us for both intra-band CA and inter-band CA (refer to Annex2 for information). However, per the maximum receive timing difference (MRTC) requirement captured in 38.133[3] (refer to Annex3 for information), the timing difference of the DL signal arrived at UE can be as high as 33us on FR1 and 8us on FR2 for the case of inter-band CA. So given that, our understanding is that when operating in CA, not all the serving cells can be used as the timing reference for a CSI-RS resource. Instead, only the serving cell, for which that the timing difference between the serving cell and the frequency on which the CSI-RS resource is configured is within the CP length can be used as the timing reference. Or in other words, only for the CSI-RS resources on the frequency that is intra-band collocated deployed with a serving cell, UE can base the timing of these CSI-RS resources on this specific serving cell. 
Observation 1: Only the serving cell, for which that the timing difference between the serving cell and the frequency on which the CSI-RS resource is configured is within the CP length can be used as the timing reference.
So given the above analysis, in case UE is configured CA, if the NW configures CSI-RS resources without associatedSSB on a frequency, the serving cell used for timing reference should be explicitly indicated at the same time. Besides, although in EN-DC, only SN is allowed to operate on NR frequencies and configure CSI-RS based measurement on NR frequencies. However, in NR-NR DC, both MN and SN can operate on NR frequencies. The time difference between the serving cells on MN and SN would be much larger than 4~5us. So in this case, if the NW configures CSI-RS resources without associatedSSB on a frequency, the serving cell used for timing reference should also be indicated explicitly. 
To indicate the serving cell for timing reference, the existing servCellIndex can be reused. In other words, servCellIndex can be added in the MeasObjectNR to indicate the timing reference for CSI-RS without associatedSSB. However, it should be noted that the cell index of PCell is 0 by default. While the cell index of the other serving cells (PSCell or SCell) can be configured by the servCellIndex in the range of [0 to 31]. So the servCellIndex can be optionally present, if the servCellIndex is absent, the UE base the timing of CSI-RS resource without associatedSSB on the timing of PCell. Otherwise, the UE base the timing of CSI-RS resource without associatedSSB on the timing of the serving cell indicated by servCellIndex. 
Proposal 1: Add servCellIndex in the MeasObjectNR to indicate the timing reference for CSI-RS without associatedSSB.
[bookmark: OLE_LINK4]Proposal2: The servCellIndex is optional present in the MeasObjectNR. If absent, the UE base the timing of CSI-RS resource without associatedSSB on the timing of PCell. Otherwise, the UE base the timing of CSI-RS resource without associatedSSB on the timing of the serving cell indicated by servCellIndex. 
If the proposals are agreed, a draft CR is prepared in [4].
3. Conclusion and proposals
In this contribution, the timing reference of CSI-RS resource for mobility is further clarified with the following observations and proposals: 
Observation 1: Only the serving cell, for which that the timing difference between the serving cell and the frequency on which the CSI-RS resource is configured is within the CP length can be used as the timing reference.
Proposal 1: Add servCellIndex in the MeasObjectNR to indicate the timing reference for CSI-RS without associatedSSB.
Proposal2: The servCellIndex is optional present in the MeasObjectNR. If absent, the UE base the timing of CSI-RS resource without associatedSSB on the timing of PCell. Otherwise, the UE base the timing of CSI-RS resource without associatedSSB on the timing of the serving cell indicated by servCellIndex. 
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5. [bookmark: _Ref32466][bookmark: _Ref11745]Annex1
[bookmark: _Toc510988181]5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to [QCL-TypeD'].
[bookmark: _Hlk515901435]A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources when all CSI-RS resources per frequency layer have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per frequency layer when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB
- For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resources per frequency layer.
6. [bookmark: _Ref9949]Annex2
9.6.3.2	Minimum requirement for BS type 1-O
For MIMO or TX diversity transmissions, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, OTA TAE shall not exceed 260 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, OTA TAE shall not exceed 3 µs. 
For inter-band carrier aggregation, with or without MIMO or TX diversity, OTA TAE shall not exceed 3 µs. 

9.6.3.3	Minimum requirement for BS type 2-O
For MIMO or TX diversity transmissions, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, OTA TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, OTA TAE shall not exceed 3 µs. 
For inter-band carrier aggregation, with or without MIMO or TX diversity, OTA TAE shall not exceed 3 µs. 
7. [bookmark: _Ref10713]Annex3
[bookmark: _Toc500509905][bookmark: _Toc516034492]7.6.4	Minimum Requirements for NR Carrier Aggregation
[bookmark: OLE_LINK2]For intra-band CA, only collocated deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below. 
[bookmark: OLE_LINK1]Table 7.6.4-1 Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	3

	FR2
	3



For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below. 
Table 7.6.4-2 Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8

	Between FR1 and FR2
	[TBD]










