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1. Introduction

At the last RAN1 meeting, NR RRM measurement based on CSI-RS for L3 mobility was discussed and RAN1 made following agreements [1].

	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 discuss on the properties and configuration of CSI-RS for L3 mobility for RRM measurement in CONNECTED mode. 
2. Discussion on CSI-RS properties
At the last RAN1 meeting, RAN1 made some agreements on CSI-RS properties, including timing, bandwidth, and time/frequency resource. But there are still some remaining issues on CSI-RS properties for RRM measurement for L3 mobility.
Timing
Periodic CSI-RS transmission with configurable periodicity was agreed at the last RAN1 meeting. But the candidate periodicity values are still under discussion. Considering similar requirement on RRM measurement based on SS block and CSI-RS, the supported periodicity of SS burst set can be also supported for CSI-RS for L3 mobility. 

In addition to periodic CSI-RS transmission for RRM measurement, aperiodic mechanism for CSI-RS based RRM measurement can also be considered. For example, when L1/L2 beam measurement results for all configured beams are not good, UE may request aperiodic CSI-RS transmission and reporting for L3 RRM measurement so that gNB can reconfigure the set of CSI-RS for L1/L2 beam management procedure.
Bandwidth
In order to perform CSI-RS based RRM measurement, UE needs to know CSI-RS structure within measurement bandwidth, such as sequence mapped to REs within the measurement bandwidth. In wider bandwidth operation, there are UEs with different bandwidth capabilities and RF capabilities. For narrowband and wideband UEs, even though the bandwidth part can be configured separately, the CSI-RS design, e.g., scrambling and sequence design should be same, which may be related to the CSI-RS transmission bandwidth. For example, wideband CSI-RS is transmitted and different UE may measure different part of the wideband CSI-RS. Therefore, CSI-RS transmission bandwidth needs to be indicated to UE if this information is necessary to derive CSI-RS structure within measurement bandwidth. 
Regarding the measurement bandwidth, if only default bandwidth is assumed, e.g., the same as SS block including NR-PBCH or certain bandwidth notified in NR-PBCH, the flexibility of CSI-RS based measurement is limited. Therefore, at least RRC signaling of UE measurement bandwidth for CSI-RS based RRM measurement should be supported to enable the flexibility of CSI-RS based RRM measurement e.g., according to UE bandwidth capability, CSI-RS transmission periodicity with a certain target measurement delay and so on.
Numerology
CSI-RS for L3 mobility may be multiplexed with SS block in frequency domain in some case, while CSI-RS for L3 mobility may be multiplexed with data/control channels in other cases. So, we think that numerology of CSI-RS for L3 mobility should be flexible and configurable. In addition, for CSI-RS for beam management, it was agreed to support sub-time units equal to and smaller than an OFDM symbol in order to support CSI-RS beam sweeping within a short time duration. The same motivation and solution would be applicable to CSI-RS for L3 mobility.
QCL
It is beneficial to support and indicate an association between SS block and CSI-RS. For example, even when UE is configured with large number of CSI-RS resources for RRM measurement, UE can actually perform CSI-RS based RRM measurement only for a part of CSI-RS resources that are associated with detected SS block(s) so that UE measurement effort can be relaxed. In another example, some CSI-RS properties, e.g., antenna port, scrambling ID and time/frequency resource could be derived by detected SS block(s) based on the association information. The association may mean spatial QCL since it is expected that UE can observe CSI-RS(s) associated with detected SS block, e.g., it means Tx beam used for the SS block is similar or overlapped with Tx beam(s) used for associated CSI-RS(s). This association information can be indicated in RRC signaling.
Proposal 1:
· NR supports following CSI-RS properties for RRM measurement for L3 mobility.
· Timing

· The supported periodicity for SS burst set can be also considered as candidate periodicity values for CSI-RS for L3 mobility. 
· Aperiodic CSI-RS transmission can be further studied.
· Bandwidth
· At least RRC signaling of UE measurement bandwidth for CSI-RS based RRM measurement should be supported.
· UE needs to know CSI-RS structure within measurement bandwidth.
· CSI-RS transmission bandwidth needs to be indicated to UE if this information is necessary to derive CSI-RS structure within measurement bandwidth.
· Numerology
· Numerology of CSI-RS for RRM measurement can be configured in RRC signaling.
· QCL

· Association (e.g., spatial QCL) between SS block and CSI-RS should be supported and indicated in RRC signaling.
For other properties such as antenna port(s), time/frequency resource and sequence, those for CSI-RS for beam management and/or CSI acquisition should be at least partly reused. For example, one or two port(s) CSI-RS resource configuration and sequence generation can be reused for CSI-RS for RRM measurement.
3. Discussion on CSI-RS configurations
In LTE, eNB provides the measurement configuration applicable to a UE in RRC_CONNECTED by means of UE dedicated signaling. CSI-RS based RSRP measurement has been supported from Rel-12 via discovery signals measurement timing configuration (DMTC) and discovery signal configuration signaling. In LTE, eNB only configures a single measurement object for a given frequency. The measurement procedures distinguish the following types of cells [2]:

1.
The serving cell(s) - these are the PCell and one or more SCells, if configured for a UE supporting CA.

2.
Listed cells - these are cells listed within the measurement object(s) or, for inter-RAT WLAN, the WLANs matching the WLAN identifiers configured in the measurement object or the WLAN the UE is connected to.

3.
Detected cells - these are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s).
For E-UTRA, the UE measures and reports on the serving cell(s), listed cells, detected cells, and, for RSSI and channel occupancy measurements, the UE measures and reports on any reception on the indicated frequency. 
In NR, RAN2 has made the agreements that a measurement object is corresponding to one carrier frequency, and it is possible to configure a list of CSI-RS resource specific configuration for RRM measurement as part of the measurement object. It still needs further study on whether the UE performs CSI-RS based RRM measurement only on listed cells (i.e., listed CSI-RS resources), or on both listed cells and detected cells. In some scenarios, UE could perform CSI-RS based RRM measurements only on listed cells with explicit configuration if gNB could make appropriate CSI-RS configurations of serving cell and neighbouring cells. However, in some other scenarios, inter-gNB coordination may be limited and neighbour relations are not available or accurate enough, e.g., in early deployments or unlicensed frequencies. In that case, UE may need to measure and report on both listed cells and detected cells. In order to enable the flexibility of UE measurement and reporting, NR should supports multiple modes for CSI-RS based RRM measurements on a carrier frequency. The following modes should be supported and configured for CSI-RS based RRM measurement for CONNECTED UE.
· Mode 0: CSI-RS based RRM measurement and reporting are not performed
· Mode 1: CSI-RS based RRM measurement and reporting only on listed cells are performed
· Mode 2: CSI-RS based RRM measurement and reporting on both listed cells and detected cells are performed
A UE can be configured with different modes on different carrier frequencies. For the explicit CSI-RS configuration of listed cells, the CSI-RS properties, the configuration signaling and effective field should be further discussed. For the detected cells, how to obtain the parameters for CSI-RS configuration by UE should be further studied.
Proposal 2:
· A UE in CONNECTED mode can be configured with CSI-RS based RRM measurement on a carrier frequency according to one of the following modes.
· Mode 0: CSI-RS based RRM measurement and reporting are not performed

· Mode 1: CSI-RS based RRM measurement and reporting only on listed cells are performed

· Mode 2: CSI-RS based RRM measurement and reporting on both listed cells and detected cells are performed

At the last RAN1 meeting, RAN1 agreed that following properties of a CSI-RS for L3 mobility can be signaled to UE using dedicated signaling: NR Cell ID, timing configuration, number of antenna ports, time/frequency resource, transmission/measurement bandwidth, parameters for sequence generation, etc. If each parameter is separately configured for each CSI-RS, the efficiency would be quite low in terms of signaling overhead. In addition, there is no need to have extensive flexibility for each parameter, i.e., some parameters can be common or partial-common to multiple CSI-RSs. For example, the measurement bandwidth and possibly transmission bandwidth can be common to multiple CSI-RSs or all CSI-RSs configured for a carrier frequency. The timing configuration such as periodicity can also be common to all the CSI-RSs on the carrier frequency in some cases, and in some other cases timing configuration applicable to specific cell(s) such as serving cell and another timing configuration applicable to other cells on the carrier frequency can be informed as well as in SS block based RRM measurement [3]. The number of antenna ports can also be common to multiple or all CSI-RSs on the carrier frequency. On the other hand, some parameters such as time/frequency resource index, associated NR cell ID and scrambling ID would be separately configured to each CSI-RS. This configuration structure could be similar to that in CSI-RS based discovery signal measurement in Rel-12 LTE such as DMTC which is common to all CSI-RSs and discovery signal configuration including configuration parameters for each CSI-RS.

Therefore, in order to enable efficient CSI-RS configuration for L3 mobility, NR should support common resource configuration framework, which can be considered as an extension of DMTC concept. The common resource configuration includes CSI-RS resource set (e.g., time/frequency resource pool for multiple CSI-RSs) information, and some common parameters for the multiple CSI-RSs such as periodicity of the resource set, timing offset of the resource set and assumption on number of antenna ports. DMTC in LTE is a common measurement configuration per carrier frequency, while this common resource configuration can be per carrier frequency, per cell (group) or per beam/TRP group. 
Proposal 3:
· In UE dedicated signaling for CSI-RS configurations for L3 mobility, common resource configuration framework should be supported in NR.
· Following configuration parameters can be included in the common resource configuration.
· CSI-RS resource set such as time/frequency resource pool configuration and measurement bandwidth
· Timing configuration such as periodicity and timing offset of the resource set
· Antenna port assumption such as number of antenna ports for CSI-RS(s) in the resource set
· UE can assume the configured parameters are common to all configured CSI-RS(s) for a carrier frequency, for a cell (group), or for beam/TRP group according to the configuration.
Regarding the signaling to carry such common resource configuration for CSI-RS, even though cell-specific configuration is not preferred, UE-group-common (e.g., SS block-specific) signaling could still be considered in addition to UE dedicated signaling due to some benefits on reduction of signaling overhead and UE complexity. For UE-group-common signaling, SIB on different beams could carry different CSI-RS resource sets associated with a certain unit, e.g., the transmitted SS block. By reading the SIB, UE can get the CSI-RS configurations associated with the transmitted SS block, i.e., this can be an indication of association between SS block and CSI-RS(s). UE can be triggered or configured to read multiple SIBs to get more CSI-RS configurations if needed.
Proposal 4:
· NR supports UE-group-specific configuration signaling of CSI-RS for RRM measurement.
As proposed above, a NR UE can be configured in mode 2 to perform CSI-RS based RRM measurement on both listed cells and detected cells. In this mode, different from mode 1 in which UE would be informed of all configuration parameters of CSI-RS of listed cells by using explicit signaling, it should be possible for UE to derive at least some configuration parameters of CSI-RS for L3 mobility of detected cell(s) without explicit signaling. 
At the last RAN1 meeting, five methods to obtain parameters for CSI-RS for L3 mobility for a CONNECTED UE were proposed and discussed. In CSI-RS based RRM measurement mode 1, common resource configuration including CSI-RS resource set, timing/periodicity and antenna port assumption could be obtained by Method 2 (Configuration of a parameter that is valid for all CSI-RS resources on a carrier frequency) or Method 4 (Configuration of a parameter that is valid for a group of CSI-RS resources on a carrier frequency) while configuration parameters for each CSI-RS are obtained by Method 1 (Configuration of a parameter that is valid for one CSI-RS resource). In CSI-RS based RRM measurement mode 2, the common resource configuration could still be obtained by Method 2 or 4 since the common resource configuration may not require tight inter-gNB coordination and accurate neighbor relation information. For other configuration parameters of CSI-RS of detected cells in mode 2, 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) or Method 5 (NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency) can be used. Method 3 can reduce configuration signaling at the cost of decreased flexibility for configuration parameters. We think both Method 3 and Method 5 would have usage scenarios according to different pros/cons, and hence both methods can be supported as possible options for mode 2.
Proposal 5:
· For the methods to obtain configuration parameters for CSI-RS for L3 mobility,
· Methods 2 and 4 are supported to obtain common resource configuration in both mode 1 and mode 2.
· Method 1 is supported to obtain configuration parameters for each CSI-RS of listed cells in both mode 1 and mode 2.
· Methods 3 and 5 are supported to obtain configuration parameters for CSI-RS of detected cells in mode 2.
4. Conclusion 

In this contribution, we discussed on the properties and configurations of CSI-RS for L3 mobility in CONNECTED mode. Based on the discussion, we made following proposals. 

Proposal 1:
· NR supports following CSI-RS properties for RRM measurement for L3 mobility.
· Timing

· The supported periodicity for SS burst set can be also considered as candidate periodicity values for CSI-RS for L3 mobility. 
· Aperiodic CSI-RS transmission can be further studied.
· Bandwidth
· At least RRC signaling of UE measurement bandwidth for CSI-RS based RRM measurement should be supported.
· UE needs to know CSI-RS structure within measurement bandwidth.
· CSI-RS transmission bandwidth needs to be indicated to UE if this information is necessary to derive CSI-RS structure within measurement bandwidth.
· Numerology
· Numerology of CSI-RS for RRM measurement can be configured in RRC signaling.
· QCL

· Association (e.g., spatial QCL) between SS block and CSI-RS should be supported and indicated in RRC signaling.
Proposal 2:
· A UE in CONNECTED mode can be configured with CSI-RS based RRM measurement on a carrier frequency according to one of the following modes.
· Mode 0: CSI-RS based RRM measurement and reporting are not performed

· Mode 1: CSI-RS based RRM measurement and reporting only on listed cells are performed

· Mode 2: CSI-RS based RRM measurement and reporting on both listed cells and detected cells are performed

Proposal 3:
· In UE dedicated signaling for CSI-RS configurations for L3 mobility, common resource configuration framework should be supported in NR.
· Following configuration parameters can be included in the common resource configuration.
· CSI-RS resource set such as time/frequency resource pool configuration and measurement bandwidth
· Timing configuration such as periodicity and timing offset of the resource set
· Antenna port assumption such as number of antenna ports for CSI-RS(s) in the resource set
· UE can assume the configured parameters are common to all configured CSI-RS(s) for a carrier frequency, for a cell (group), or for beam/TRP group according to the configuration.
Proposal 4:
· NR supports UE-group-specific configuration signaling of CSI-RS for RRM measurement.

Proposal 5:
· For the methods to obtain configuration parameters for CSI-RS for L3 mobility,
· Methods 2 and 4 are supported to obtain common resource configuration in both mode 1 and mode 2.
· Method 1 is supported to obtain configuration parameters for each CSI-RS of listed cells in both mode 1 and mode 2.
· Methods 3 and 5 are supported to obtain configuration parameters for CSI-RS of detected cells in mode 2.
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