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Introduction
In RAN1 meeting #89, following conclusions and agreements were made on CSI-RS for L3 mobility [1], and the CSI-RS configuration parameters for L3 mobility need to be finalized in this meeting.
	Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Periodic CSI-RS transmission with configurable periodicity
· Note that CSI-RS transmission can be turned on and off
· FFS: candidate periodicity values
· Configurable transmission/measurement bandwidth
· FFS: whether/how transmission and/or measurement bandwidth is indicated to UE
· Configurable CSI-RS time/frequency resource
· Note that this property is the same with that for beam management based on CSI-RS
· Note that the numerology for CSI-RS should consider neighbor cell measurement aspects
Agreements:
· RAN1 provides the following response to Question 1:
· The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. 
· CSI-RS for L3 mobility can have same, partly same or different configuration from CSI-RS for beam management.
· For example, they could be the same when both are configured to be periodic with same periodicity
· For example, they could be different when CSI-RS for L3 mobility is configured to be periodic and CSI-RS for beam management is configured to be aperiodic
· For example, they could be partly the same when both are configured to be periodic but with different periodicities
Agreements:
· RAN1 provides the following response to the "cell-specific and configurable" part of Question 2 in R1-1709061:
· RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurements
Agreements:
· RAN1 studies the following methods for a CONNECTED UE to obtain parameters for CSI-RS for L3 mobility:
· Method 1: Configuration of a parameter that is valid for one CSI-RS resource
· Method 2: Configuration of a parameter, e.g. periodicity, that is valid for all CSI-RS resources on a carrier frequency
· Method 3: UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID
· Method 4: Configuration of a parameter, e.g. periodicity, scramble ID (if specified), UE (group) ID (if specified), virtual cell ID (if specified), that is valid for a group of CSI-RS resources on a carrier frequency
· Method 5: NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting
· Other methods are not precluded
· Different parameters may be obtained by different methods.
· Note: "configuration" above means UE specific configuration by RRC signaling
Agreements:
· At least the following properties of a CSI-RS for L3 mobility can be signalled to the UE using dedicated signaling:
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation
· FFS: configurable numerology
· FFS: Spatial QCL assumption e.g. QCL between SS block and CSI-RS
· FFS: Which parameters are common or partial-common to multiple CSI-RSs
FFS: Serving cell assists to derive the reference time of target cell in synchronous system



In this contribution, we further discuss the CSI-RS configuration parameters for RRM for L3 mobility, e.g. candidate periodicity values, measurement bandwidth, numerology, spatial QCL assumption, and the method to obtain configuration parameters.
Configuration Parameters of CSI-RS for L3 mobility
In RAN1, there are some configurations on CSI-RS for L3 mobility agreed: NR Cell ID, time offset and periodicity, number of antenna ports, time/frequency resource configuration, bandwidth, parameters for sequence generation. The design of CSI-RS for L3 mobility will reuse the design for beam management as a baseline. 
In this contribution, we further discuss the followings:
· candidate periodicity values and timing offset
· measurement bandwidth, numerology, spatial QCL assumption
· method to obtain configuration parameters

Candidate periodicity values and time offset
Because UE may be configured to measure both SS block and CSI-RS for L3 mobility, it beneficial to align the periodicity of CSI-RS for L3 mobility and the periodicity of SS blocks. Otherwise, the measurement gap could be complicated.
Proposal 1: Candidate periodicity values of CSI-RS for L3 mobility is 5, 10, 20, 40, 80, 160 ms.
Because one of functionalities of CSI-RS is to provide wideband CSI, the CSI-RS for L3 mobility and SS blocks should be transmitted in TDM manner. Besides, if the CSI-RS for L3 mobility and SS block are FDMed, it will limit the flexibility of beamformer selection for CSI-RS.  
Additionally, for inter-frequency measurement, the CSI-RS for L3 mobility and the measurement gap should be aligned, and the entire CSI-RS for L3 mobility should be contained in the measurement gap.
Proposal 2: CSI-RS for L3 mobility and SS block burst are transmitted in TDM manner.
Proposal 3: The CSI-RS for L3 mobility and the measurement gap should be aligned, and the entire CSI-RS for L3 mobility should be contained in the measurement gap.

measurement bandwidth, numerology, and spatial QCL assumption
CSI-RS is expected to be wideband and occupied the whole bandwidth part which UE is configured. With wide band operation, UE is able to measure the CSI-RS transmitted in the configure bandwidth part. UEs could be configured with bandwidth parts of different bandwidths, so the frequency location of bandwidth parts should be informed to UE for descrambling CSI-RS sequences, but it could be carried in the configuration of wide band operation. Besides, the measurement bandwidth should be configured via dedicate signaling per carrier frequency, because UE may not know the bandwidth of CSI-RS in other frequencies. 
The numerology of CSI-RS for L3 mobility should be the same as the numerology of data channel. Because the data of different cells could have different numerologies, the numerology should be configured via dedicate signaling. However, the impact on measuring different numerologies should be FFS, e.g. the accuracy, latency.
The CSI-RS for L3 mobility can be associated to SS blocks or other CSI-RS ports by spatial QCL assumption, and the CSI-RS can be configured based on the associated SS blocks to minimize configuration overhead, so the spatial QCL assumption can be configured via dedicate signaling.

Proposal 4: NR supports measurement configuration of CSI-RS for L3 mobility, including
· measurement bandwidth per carrier frequency
· numerology
· QCL assumption
	
The method to obtain configuration parameters
It is agreed that RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement, and the configuration parameters of CSI-RS for L3 mobility are signaled via dedicate signaling. In the mean time, RAN2 has agreed that the use of CSI-RS for RRM and the CSI-RS configurations will be provided in the measurement object.
Considering the numerologies of CSI-RS from different cells could be different, it is unlikely all configuration parameters are valid for all CSI-RS resources on a carrier frequency (Method 2). Therefore, the baseline method to obtain parameters should be Method 1: Configuration of a parameter that is valid for one CSI-RS resource. However, certain parameters can be cell-specific/frequency-specific, e.g. periodicity.
Observation 1: The numerologies of CSI-RS from different cells could be different, so it is unlikely all configuration parameters are valid for all CSI-RS resources on a carrier frequency (Method 2).
Proposal 5: As a baseline, configuration parameters of CSI-RS for L3 mobility are valid for one CSI-RS resource. Certain parameters can be cell-specific/frequency-specific, e.g. periodicity.
One issue still open is whether CONNECTED UE needs to report CSI-RS RSRP for detected cells, which are the cells not listed in the signaling package of measurement object but detected by UE. However, if the configuration parameters can be obtained from detected cell-ID (Method 3), it is cell-specific configuration, and RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement. 
On the other hand, if configuration parameters are derived from detected cells, UE may try to measure non-existing CSI-RS, because CSI-RS is not always on. Beside, the false alarm rate of cell detection would introduce some non-existing cells. UE is not able to measure the CSI-RS of non-existing cells, and it increases UE complexity.
Observation 2: If the configuration parameters can be obtained from detected cell-ID (e.g. Method 3 & Method 5), then it is cell-specific configuration, and RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement.
Observation 3: Measuring CSI-RS with parameters derived from detected cells will increase UE complexity. 
Conclusion
In this contribution, we have discussed the configuration parameters of CSI-RS for L3 mobility. We have the following observations and proposals: 
Proposal 1: Candidate periodicity values of CSI-RS for L3 mobility is 5, 10, 20, 40, 80, 160 ms.
Proposal 2: CSI-RS for L3 mobility and SS block burst are transmitted in TDM manner.
Proposal 3: The CSI-RS for L3 mobility and the measurement gap should be aligned, and the entire CSI-RS for L3 mobility should be contained in the measurement gap.
Proposal 4: NR supports measurement configuration of CSI-RS for L3 mobility, including
· measurement bandwidth per carrier frequency
· numerology
· QCL assumption
Observation 1: The numerologies of CSI-RS from different cells could be different, so it is unlikely all configuration parameters are valid for all CSI-RS resources on a carrier frequency (Method 2).
Proposal 5: As a baseline, configuration parameters of CSI-RS for L3 mobility are valid for one CSI-RS resource. Certain parameters can be cell-specific/frequency-specific, e.g. periodicity.
Observation 2: If the configuration parameters can be obtained from detected cell-ID (e.g. Method 3 & Method 5), then it is cell-specific configuration, and RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement.
Observation 3: Measuring CSI-RS with parameters derived from detected cells will increase UE complexity. 
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