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1. Introduction
This contribution discusses CSI-RS based RRM measurement and its configuration.
2. CSI-RS Configuration Framework
It was agreed in RAN1#89 to further study methods for a UE to obtain CSI-RS parameters (properties).
	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


In RAN1 NR_AH#2, CSI-RS properties were further clarified.
	Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties


As agreed in RAN1#88bis, NR CSI-RS framework for beam management should be used as a baseline. Using the same configuration framework as CSI-RS for beam management can allow full or partial resource sharing between CSI-RS for L3 mobility and CSI-RS for beam management. As also proposed in [3], it is natural to group the CSI-RS resources associated to a cell. In other words, the entries in the list of CSI-RS configurations in the measurement object correspond to CSI-RS configurations for NR cells. The CSI-RS configuration in the list should be based on the CSI-RS configuration for beam management, in order to enable full and partial resource sharing.
Proposal 1: A measurement object (corresponding to a carrier frequency) can contain a list of CSI-RS configurations, where each CSI-RS configuration is valid for an NR cell on the carrier frequency. The CSI-RS configuration is based on the configuration for CSI-RS for beam management.
Even though the measurement object structure may be RAN2’s responsibility, it is highly relevant to the RAN1 discussion. Therefore, it is discussed in some further detail here. 
First, the measurement configuration framework in LTE is reviewed. In LTE, a measurement object contains a frequency specific configuration as well as two optional lists:
· cellsToAddModList (called cell list hereafter)
· whiteCellsToAddModList  (called white list hereafter)
The cell list contains cell-specific configurations. There is also a default configuration corresponding to the parameters in the cell-specific configuration in the cell list, e.g. the default value of cellIndividualOffset is zero. The white cell list just contains cell IDs. The LTE reporting configuration contains the binary element useWhiteCellList (called white list switch hereafter). Based on these optional lists and the switch, LTE offers different measurement and reporting modes:
· Mode 1 (cell list empty and white list switch OFF): UE performs measurement and reporting on any detected cell, based on 
· the frequency-specific configuration and 
· the default configuration.
· Mode 2 (cell list not empty and white list switch OFF): UE performs measurement and reporting on any detected cell, based on 
· the frequency-specific configuration,
· the configuration in the cell list for cells in the cell list and 
· the default configuration for detected cells not in the cell list.
· Mode 3 (cell list empty and white list switch ON): UE performs measurement and reporting only on detected cells in the white list, based on 
· the frequency-specific configuration and
· the default configuration.
· Mode 4 (cell list not empty and white list switch ON): UE performs measurement and reporting only on detected cells in the white list, based on 
· the frequency-specific configuration,
· the configuration in the cell list for detected cells in both the white list and the cell list and 
· the default configuration for detected cells only in the white list.
In NR, a similar framework with cell list, white list and binary white list switch as in LTE could be used for CSI-RS based RRM measurement and reporting.
Firstly, a CSI-RS cell list can be defined in the measurement object, with each entry in the list corresponding to a CSI-RS configuration valid for an NR cell on the carrier frequency. This list corresponds to the list in Proposal 2.
Secondly, a CSI-RS white list can be defined in the measurement object containing only NR cell IDs. Additionally, a binary CSI-RS white list switch could be defined, as in LTE. When the CSI-RS white list switch is ON, then the UE performs CSI-RS based RRM measurement and reporting only on the cells defined in the white list, if any. The network can inform UEs of which neighbor cells that transmit CSI-RS for L3 mobility by just updating the white list. This is more efficient than updating a cell list which contains more CSI-RS configuration parameters.
Thirdly, a common CSI-RS configuration can be defined in the measurement object. As in LTE, some parameters in the common configuration can apply to all cells on the carrier frequency, even if they are in the CSI-RS cell list. Furthermore, the common CSI-RS configuration can also define the (frequency-specific) default CSI-RS configuration to be used for cells that are not in the CSI-RS cell list. This means that the default CSI-RS configuration should cover the same parameters as the CSI-RS configurations in the CSI-RS cell list, with two exceptions:
· The CSI-RS configuration in the CSI-RS cell list contains NR cell ID. This is obviously not contained in the default CSI-RS configuration, since it is applied to cell with various cell IDs.
· Some parameters that are explicitly configured in the CSI-RS configuration in the CSI-RS cell list are not explicitly configured in the default CSI-RS configuration. Instead, the property is, at least partly, derived from the NR cell ID of the detected cell, to which the default CSI-RS configuration is applied.
Just as in LTE (described above), different CSI-RS based RRM measurement and reporting modes will be possible:
· Mode 1 (CSI-RS cell list empty and CSI-RS white list switch OFF): UE performs CSI-RS based RRM measurement and reporting on any detected cell, based on 
· the frequency-specific configuration and 
· the default CSI-RS configuration (including properties that are derived from the cell ID of the detected cell).
· Mode 2 (CSI-RS cell list not empty and CSI-RS white list switch OFF): UE performs CSI-RS based RRM measurement and reporting on any detected cell, based on 
· the frequency-specific configuration,
· the CSI-RS configuration in the CSI-RS cell list for cells in the CSI-RS cell list and 
· the default CSI-RS configuration (including properties that are derived from the cell ID of the detected cell).
· Mode 3 (CSI-RS cell list empty and CSI-RS white list switch ON): UE performs CSI-RS based RRM measurement and reporting only on detected cells in the CSI-RS white list, based on 
· the frequency-specific configuration and
· the default CSI-RS configuration (including properties that are derived from the cell ID of the detected cell).
· Mode 4 (CSI-RS cell list not empty and CSI-RS white list switch ON): UE performs CSI-RS based RRM measurement and reporting only on detected cells in the CSI-RS white list, based on
· the frequency-specific configuration,
· the CSI-RS configuration in the CSI-RS cell list for detected cells in both the CSI-RS white list and the CSI-RS cell list and 
· the default CSI-RS configuration (including properties that are derived from the cell ID of the detected cell) for detected cells only in the CSI-RS white list.
Note that if all cells in the CSI-RS white list are configured in the CSI-RS cell list in Mode 4, then the default CSI-RS configuration is not used at all.
To summarize, the following is proposed.
Proposal 2: A measurement object (corresponding to a carrier frequency) can optionally contain 
· a common CSI-RS configuration applicable to all cells on the carrier frequency,
· a CSI-RS cell list, containing CSI-RS configurations,
· a default CSI-RS configuration, including properties derived from the cell ID, and
· a CSI-RS white list, containing NR cell IDs.
To use Mode 3 and 4, the serving cell needs to configure and maintain CSI-RS cell lists and CSI-RS white lists of neighbour cells on different configured carrier frequencies. This is often difficult to achieve in practice when inter-gNB coordination is limited. In LTE, for example, networks often rely on autonomous UE detection of cells rather than maintaining white lists. Other examples are early deployments and measurements on unlicensed bands. Hence, it is beneficial to support Mode 1, also for CSI-RS based RRM measurement.
Proposal 3: Support a mode of CSI-RS based RRM measurement on a carrier frequency, where the CSI-RS configuration is based on a frequency-specific configuration and a default CSI-RS configuration, with parameters for sequence generation being derived from the cell ID.
It is important to note that CSI-RS for L3 mobility is not an always-on signal. Even though a UE can obtain the CSI-RS configuration of a cell based on a frequency-specific configuration, a default CSI-RS configuration and derived from the cell ID in Mode 1, the cell may or may not actually transmit the CSI-RS. If the cell doesn’t transmit CSI-RS for L3 mobility, then the UE will obviously not report any CSI-RS based measurement results, given reasonably configured triggering conditions.
Below, the CSI-RS cell list, CSI-RS white list and common CSI-RS configuration is discussed in some more detail.
3. CSI-RS Cell List
A measurement object can optionally include a CSI-RS cell list.
An entry in the CSI-RS cell list configures one or more CSI-RS resources that use the cell (with NR cell ID) as time synchronization reference. Those are the resources used to derive a cell quality for the cell (with NR cell ID). The following properties/parameters could be explicitly configured for a cell, using Method 1 (one resource) or Method 4 (group of resources), according to previous agreements.
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· time/frequency resource
· transmission/measurement bandwidth
· parameters for sequence generation
· numerology
· association between SS block and CSI-RS
Note that the CSI-RS configuration should be based on the CSI-RS configuration for beam management, so that resource sharing can be supported. Beam randomization/hopping for inter-cell interference randomization is discussed for CSI-RS for beam management in Error! Reference source not found. and should be considered also for L3 mobility if it’s defined for beam management.
Proposal 4: The CSI-RS properties configured in the CSI-RS cell list are obtained using Method 1 (valid for one CSI-RS resource) or Method 4 (valid for a group of CSI-RS resources on a carrier frequency). They include
 •	NR Cell ID
•	timing configuration, including time offset and periodicity
•	number of antenna ports
•	time/frequency resource
•	transmission/measurement bandwidth
•	parameters for sequence generation
•	numerology
•	association between SS block and CSI-RS
4. CSI-RS White List
A measurement object can optionally include a CSI-RS white list.
As the LTE white list, the CSI-RS white list only contains NR cell IDs, in the form of single or ranges of IDs. The binary CSI-RS white list switch (not part of the white list) decides if the white list should be used or not, as in LTE. In LTE, the switch is configured in the reporting configuration.
5. Common CSI-RS Configuration
A measurement object can optionally include a common CSI-RS configuration. 
The common CSI-RS configuration contains the frequency-specific configuration with parameters applicable to the carrier frequency that are not included in the CSI-RS configuration in the CSI-RS cell list, such as offsetFreq in LTE. 
The common CSI-RS configuration can also contain the default CSI-RS configuration that can be used for cells on the carrier frequency not in the CSI-RS cell list. The properties explicitly configured in the CSI-RS configuration in the CSI-RS cell list are either also explicitly configured in the default CSI-RS configuration, or derived from the NR cell ID of the detected cell. The properties/parameters in the default configuration are obtained by Method 2 (valid for all cells on a carrier frequency), with the exception that they don’t apply to the cells in the CSI-RS cell list.
Proposal 5: The CSI-RS properties that can be configured in the default CSI-RS configuration are obtained using Method 2 (valid for all cells on a carrier frequency). They include
•	timing configuration, including time offset and periodicity
•	number of antenna ports
•	time/frequency resource
•	transmission/measurement bandwidth
•	numerology
•	association between SS block and CSI-RS
For a cell for which the default CSI-RS configuration is applied, at least the parameters from sequence generation are derived from the NR cell ID of the detected cell. If beam randomization is defined, the pattern could potentially also be derived from the cell ID. The derived properties/parameters are obtained by Method 3 (derived from cell ID), with the exception that they don’t apply to the cells in the CSI-RS cell list.
Proposal 6: For a cell for which the default CSI-RS configuration is applied, some properties are derived from the cell ID, i.e. using Method 3. They include parameters for sequence generation.
6. Block-wise QCL between SS block and multiple CSI-RS
SS blocks tend to use wider/lower spatial resolution beams over CSI-RS beams with higher oversampling. Hence, it is reasonable for one SS block to be (partially) QCL-associated with multiple CSI-RS resources/ports [6]. 
Proposal 7: Support block-wise QCL association (including spatial QCL) between multiple CSI-RS resources and an SS block.
7. Reducing CSI-RS based measurement effort
CSI-RS based RRM measurements are secondary to SS based detection and measurement, since CSI-RS based RRM measurement cannot be performed unless the SS with the configured NR cell ID is first detected. CSI-RS based RRM measurement is typically associated with additional UE complexity and power consumption, since it may require reception at wider and/or different bandwidth and in different frames than SS. Combined on all monitored carrier frequencies, the UE may detect a large number of cells (NR-SS) for which the UE is configured to also perform CSI-RS based RRM measurement. To limit the UE measurement effort, it is reasonable to limit the CSI-RS based RRM measurements to those cells that are most promising candidates for L3 mobility. Two ways to achieve this are:
· Small CSI-RS cell list/white list with frequent list adaptation: the cell list/white list that decides for which cells that the UE performs CSI-RS based RRM measurements is frequently updated based on SS based measurement reports.
· SS-based cell quality threshold: the UE performs CSI-RS based RRM measurement only for the cells with SS-based cell-quality above a threshold. The threshold can be configurable and either absolute or relative.
Frequent cell list/white list adaptation seems to involve more reporting and reconfiguration overhead than the threshold based approach, since more aggressive SS based measurement reporting may be needed in order to reconfigure/adapt the CSI-RS lists early enough, followed by cell list/white list reconfigurations.
As also considered in [5], we instead propose to use an SS-based cell quality threshold, which can be seen as an extension of the mechanism already agreed in RAN2#97bis: “When the serving cell quality is above S-Measure, the UE is not required to measure the IDLR RS and CSI-RS for neighbour cells.”
Proposal 8: When a neighbor cell quality (based on SS block) is below a threshold, the UE is not required to measure CSI-RS for the neighbor cell.
· FFS Absolute or relative threshold
8. Disrupted CSI-RS transmission
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Urgent data transmission, e.g. URLLC, during symbols where periodic transmission of CSI-RS for L3 mobility is scheduled should be supported. Mechanisms to indicate such disruptions of periodic CSI-RS for L3 mobility need to be considered. 
Proposal 9: Mechanisms to indicate sudden disruptions in the periodic CSI-RS for L3 mobility, e.g. for urgent URLLC traffic, need to be considered.
9. Conclusions
The following was proposed above: 
Proposal 1: A measurement object (corresponding to a carrier frequency) can contain a list of CSI-RS configurations, where each CSI-RS configuration is valid for an NR cell on the carrier frequency. The CSI-RS configuration is based on the configuration for CSI-RS for beam management.
Proposal 2: A measurement object (corresponding to a carrier frequency) can optionally contain 
· a common CSI-RS configuration applicable to all cells on the carrier frequency,
· a CSI-RS cell list, containing CSI-RS configurations,
· a default CSI-RS configuration, including properties derived from the cell ID, and
· a CSI-RS white list, containing NR cell IDs.
Proposal 3: Support a mode of CSI-RS based RRM measurement on a carrier frequency, where the CSI-RS configuration is based on a frequency-specific configuration and a default CSI-RS configuration, with parameters for sequence generation being derived from the cell ID.
Proposal 4: The CSI-RS properties configured in the CSI-RS cell list are obtained using Method 1 (valid for one CSI-RS resource) or Method 4 (valid for a group of CSI-RS resources on a carrier frequency). They include
 •	NR Cell ID
•	timing configuration, including time offset and periodicity
•	number of antenna ports
•	time/frequency resource
•	transmission/measurement bandwidth
•	parameters for sequence generation
•	numerology
•	association between SS block and CSI-RS
Proposal 5: The CSI-RS properties that can be configured in the default CSI-RS configuration are obtained using Method 2 (valid for all cells on a carrier frequency). They include
•	timing configuration, including time offset and periodicity
•	number of antenna ports
•	time/frequency resource
•	transmission/measurement bandwidth
•	numerology
•	association between SS block and CSI-RS
Proposal 6: For a cell for which the default CSI-RS configuration is applied, some properties are derived from the cell ID, i.e. using Method 3. They include parameters for sequence generation.
Proposal 7: Support block-wise QCL association (including spatial QCL) between multiple CSI-RS resources and an SS block.
Proposal 8: When a neighbor cell quality (based on SS block) is below a threshold, the UE is not required to measure CSI-RS for the neighbor cell.
· FFS Absolute or relative threshold
Proposal 9: Mechanisms to indicate sudden disruptions in the periodic CSI-RS for L3 mobility, e.g. for urgent URLLC traffic, need to be considered.
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