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1	Introduction
RAN1/RAN2 agreed to use CSI-RS for the measurement reference symbols for both intra- and inter-frequency measurements during RRC_CONNECTED as well as SS/PBCH blocks.
TS 38.331 [1] defines the CSI-RS based inter-/intra-frequency measurements as follows:
· CSI-RS based intra-frequency measurements: measurements at CSI-RS(s) resource(s) of configured neighbour cell(s) whose bandwidth(s) are within the bandwidth(s) of the CSI-RS resource(s) on the serving cell(s) configured for measurements and having the same subcarrier spacing of the CSI-RS resource(s) on the serving cell(s) configured for measurements. 
· CSI-RS based inter-frequency measurements: measurements at CSI-RS(s) resource(s) of configured neighbour cell(s) whose bandwidth(s) are not within the bandwidth(s) or having different subcarrier spacing compared to the CSI-RS resource(s) on the serving cell(s) configured for measurements.
TS 38.331 also describes the network configuration for CSI-RS based measurements as follows:
The network may configure the UE to report the following measurement information based on CSI-RS resources:
· Measurement results per CSI-RS resource.
· Measurement results per cell based on CSI-RS resource(s).
· CSI-RS resource measurement identifiers.

RAN4 NR AH1801 discussed CSI-RS based measurements [3] but there was no agreement. This contribution continues to discuss the CSR-RS base measurements based on the latest RAN1 agreement.
2	CSI-RS based measurements
[bookmark: _Ref352176984]When UE is in RRC_CONNECTED, the network may configure SS/PBCH (SSB) based and/or CSI-RS based measurements. The CSI-RS based measurements are similar to the SSB based measurements; UE measures the measurement quantities, e.g., CSI-RSRP/CSI-RSRQ/CSI-SINR, based on the specified CSI-RS resource(s). If the reporting condition is satisfied, UE reports the measurement results as the event reporting or measurement resource index, depending on the configuration. 
For the CSI-RS based measurements, for each measurement resource index (or resource id), the network configures the measuring CSI-RS resource information such as the time/frequency domain scheduling, CSI-RS sequence generation, and cell ID for CSI-RS. In the appendix, we list the necessary CSI-RS resource information agreed by RAN1.
When we specify the CSI-RS identification time, we should consider two scenarios 1) the network configures the associated SSB information or 2) not. RAN1 further discussed the associated SSB and they sent LS to RAN4 [4]. This LS clarifies especially the timing of the CRS-RS resource and the measurement condition as follows:
	Agreement from RAN1 2018 Ad-hoc #1:
· 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].
· If associated SSB is not configured:
· 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.



As we discussed in [3], the CSI-RS identification time consists of three factors depending on the scenario: PSS/SSS identification time TPSS/SSS_sync, SSB index acquisition time TSSB_time_index, and CSI-RS based measurement time TCSI-RS_measurement_period. The PSS/SSS identification and SSB index acquisition times are the same values RAN4 has been discussing with the SSB-based measurement. For the CSI-RS based measurement time, RAN4 agreed with the simulation assumption [5] for study. 
In our understanding, the required factors for the CSI-RS identification time depend on the condition summarized in Table 1. When the network configures the associated SSB, UE can assume the measuring cell is synchronized with the serving cell, and UE can perform the CSI-RS based measurements without the cell identification and SSB index acquisition. This means the CSI-RS identification time can be derived only from TCSI-RS_measurement_period. 
[bookmark: _GoBack]If the network configures the associated SSB and if UE does not know the timing of the specified neighboring cell, UE need to perform the cell identification and SSB index acquisition prior to the CSI-RS based measurements. On the other hand, if the network configures the associated SSB but UE has already known the timing of the specified neighboring cell, UE can perform the CSI-RS based measurements without the cell identification and SSB index acquisition. 
[bookmark: _Ref506466609]Table 1	Required factors for CSI-RS identification time.
	
	Associated SSB not configured
	Associated SSB configured

	Whether or not UE has already known the associated SSB time index
	N/A
	Known
	Unknown

	TPSS/SSS_sync
	No
	No (Note 1)
	Yes (Note 1)

	TSSB_time_index
	No (Note 2)
	No
	Yes

	TCSI-RS_measurement_period
	Yes
	Yes
	Yes

	Note 1: If the associated SSB is known to the UE, we assume the physical cell ID is also known to the UE. Similarly, if the associated SSB is NOT known to the UE, we assume the physical cell is also NOT known to the UE. 
Note 2: According to the LS from RAN1, when the associated SSB is not configured, UE is required to perform measurements based on CSI-RS(s), even if SS/PBCH block(s) with corresponding cell ID are not detected. This implies UE may skip SSB timing index acquisition because UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.  



3	Conclusions
Proposal: CSI-RS resource identification time is specified as follows. The actual measurement time should be further discussed. 
	
	Associated SSB not configured
	Associated SSB configured

	Whether or not UE has already known the associated SSB time index
	N/A
	Known
	Unknown

	TPSS/SSS_sync
	No
	No
	Yes

	TSSB_time_index
	No
	No
	Yes

	TCSI-RS_measurement_period
	Yes
	Yes
	Yes
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Appendix
A.1	CSI-RS based measurement related agreements from RAN1#91 chairman note
Agreements:
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected

Agreements:
· For carriers with SSB, 
· Transmission BW is removed from the RRC parameter set.
· Agree on the following table for the CSI-RS configuration parameters:
	Parameter Name
	Description
	Candidate values
	Commonality of the configured value(s) across multiple resources

	Cell_ID
	Physical Cell ID for CSI-RS
	0, 1, …, 1007

	Common value is assigned across all the resources configured for a cell

	slotConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-RS
FFS slot offset details (no additional RRC impact)
	Periodicity: {5, 10, 20, 40} msec
Offset: 0, 1, …, P-1 slots, where periodicity P is in terms of slots in the CSI-RS numerology
	Configured per resource

	Sequence-Generation
	Sequence generation parameter for CSI-RS, i.e., scrambling ID
	0-1023
	Configured per resource

	Common-PRB-Grid-offset
	Information to define common PRB grid for CSI-RS sequence generation 
Corresponds to an offset (in terms of number of subcarriers in CSI-RS numerology) between PRB 0 for common PRB  indexing and a reference location (i.e., corresponds to RRC parameter DL-BWP-loc defined for BWP)
– the reference location is the lowest PRB of the cell-defining SSB
	[0,1,2, …, >276*4*12]

	A common value is assigned across all the resources configured for per cell

	Measurement-BW
	Allowed measurement BW for CSI-RS
	BW size: {24, 48, 96, 192, 264} PRBs in CSI-RS numerology
Starting PRB index: {0, 1, …, [251](=274-24+1)]} PRBs with respect to PRB0 in CSI-RS numerology
	A common set of values are assigned across all the resources configured per cell

	Carrier-info
	Provides frequency location information for inter-frequency measurement
	Absolute frequency value, RAN2 to fill in, if not provided elsewhere

	A common value is assigned across all the resources configured for a frequency carrier

	RE-Mapping-Pattern
	RE mapping pattern for a CSI-RS resource
	Adopt the parameter values agreed in BM
	Configured per resource

	Density
	Frequency domain density for the 1-port CSI-RS
	{1,3}
	A common value is assigned across all the resources configured per cell 

	Numerology
	Numerology for CSI-RS
	{15,30,60} for sub6GHz
{60,120,240} for over6GHz
	A common value is assigned across all the resources configured per frequency carrier

	Associated-SSB
	For each CSI-RS resource, at most one associated SSB can be configured
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

	QCLed-SSB
	The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
	{yes, no}

	Configured per resource
This field is conditionally indicated if associated-SSB is configured



Agreements:
· Up to RAN2 to indicate to the UE the associated SS block on a carrier for different carrier(s) without SSB
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