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1 Introduction

In RAN1#89 meeting, the following agreements on DL RS used for L3 mobility in CONNECTED modes were achieved [1]:
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
· 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:
· 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:
· 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 the detailed configuration parameters of CSI-RS for L3 mobility, and methods to obtain parameters of CSI-RS for L3 mobility. 
2 Configuration Parameters of CSI-RS for L3 mobility
In this section, we discuss the detailed configuration parameters of CSI-RS for L3 mobility.
2.1 Timing Configuration of CSI-RS
It is agreed that timing configuration, including time offset and periodicity for CSI-RS should be included in dedicated signaling to UE. 

After UE reads the neighbor cell’s SS block time index, the neighbor cell’s NR-SS can provide the timing reference of the neighbor cell’s CSI-RS. Based on UE’s feedback of the best N SS block time index of the serving and neighbor cells, serving cell and neighbor cells can configure the CSI-RS resources in the CSI-RS beams associated to these N best SS block beams to the UE. 
Following that, the gNB can indicate to the UE the neighbor cell’s CSI-RS timing offset based on reported neighbor cell’s SS block (e.g. SS block 2). Since the neighbor cell’s Cell ID is also signaled to the UE, the UE will first identify the cell ID from neighbor cell’s SS block and time sync up with neighbor cell. Then, the UE would obtain the SS block 2’s time index and use time offset to obtain the actual CSI-RS timing. 
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Figure 1 time offset between SS block and CSI-RS
Proposal 1: Time offset relative to the neighbor cell’s SS block should be provided in the neighbor cell’s CSI-RS configuration for the timing reference of the CSI-RS.
The purpose of CSI-RS for L3 mobility is to improve measurements accuracy from the SS block, specifically when SS burst set periodicity is large e.g. 80, 160ms. It is therefore desirable to configure the candidate periodicity of CSI-RS to be more frequent than SS burst set periodicity, e.g. {5, 10, 20, 40}ms. 
Proposal 2: The candidate periodicity of CSI-RS should support {5, 10, 20, 40}ms.
2.2 Resource mapping and parameters of CSI-RS
After UE detects neighbor cells and reports the measured best N SS block to serving cell, multiple CSI-RS beams can be configured by serving cell on different ports for UE measurements. The UE is configured via RRC signaling the CSI-RS configuration information including the scrambling ID of the CSI-RS. Based on the measurement on all the configured CSI-RS resources or ports, UE can report cell level quality of the neighbor cell, and may also report N best beams of neighbor cell based on the CSI-RS resource or port index, which is used to distinguish the beams from neighbor cells.

The scrambling ID of the CSI-RS sequence can also be based on the UE-specific ID (e.g. UE dedicated ID or Group UE ID). An example in which this is beneficial is for dense TRPs to UE deployments whereby a UE entering an area bordering the serving cell and neighbor cells can be configured with a dedicated ID which is unique to all neighbor cells within the area. Different cells can send different CSI-RS resources with a same sequence generated by the UE-specific ID for the specific UE, for RRM measurement for L3 mobility. 
UE specific CSI-RS resource can save on CSI-RS configurations overhead as multiple neighbor gNBs can share one CSI-RS resource configuration and use different antenna ports at different gNBs instead of individual CSI-RS configuration for each of the gNB. Moreover, if UE specific CSI-RS is used, UE only need to decode only one CSI-RS sequence. This is in comparison with LTE where UE needs to generate multiple CSI-RS sequences based on different cell IDs. The benefits are therefore reduction in CSI-RS measurement complexity and delay.
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Figure 2 UE moves within cell boundary with CSI-RS sequence generated from UE dedicated ID
Furthermore, dual connectivity (DC) and soft handover are two specific L3 mobility procedures and use CSI-RS for L3 mobility configuration approach. In particular, the CSI-RS configurations for measured cells are sent from the serving/primary cell through RRC signaling. Note that once DC is established, possible CSI-RS resources re-configuration can be signaled from any of the connected cells. The CSI-RS of the set of measurement cells should share the same configuration parameters to reduce signaling overhead. 

Specifically, the network may configure a CSI-RS sequence that is shared among all cells in UE’s measurement set. Sharing the same CSI-RS sequence by multiple cells implies that, unlike in LTE, CSI-RS sequence generator seed cannot be a function of the NR cell ID. Instead, this seed can be a function of a UE-specific configurable ID.  Such a UE-specific configurable ID can have a default value that is, or is a function of, UE dedicated ID in the primary/serving cell. This default value can be overwritten by RRC signaling if necessary. Such a choice of configurable ID further reduces the signaling overhead and helps randomizing the CSI-RS sequences of different UEs. 

Proposal 3: NR should support UE-specific configurable ID (e.g. UE dedicated ID, or Group UE ID) to generate CSI-RS sequence for L3 mobility. This configurable ID can have a default value that can be overwritten by RRC signaling if necessary.
2.3 Other parameters of CSI-RS for L3 mobility
CSI-RS bandwidth for L3 mobility is configurable. However, we believe that CSI-RS for L3 mobility is required to have a minimum bandwidth larger than SS block to provide a more accurate RSRP measurement than a SS block RSRP. CSI-RS for L3 mobility should also support configurable numerology at the symbol level which may be different from numerology of data in the same time slot or partial band to support flexible multiplexing CSI-RS from different cells. 

The maximum number of supported ports for CSI-RS for CSI acquisition is X ≥ 8 ports with the density d RE/RB/port where values of d are at least d=1, 1/2 with d > 1 FFS. As the CSI-RS for L3 mobility is mainly used for RSRP measurement, the maximum number of configurable ports for CSI-RS for L3 mobility and the maximum density d RE/RB/port do not need to exceed the maximum number of supported ports and the maximum density d RE/RB/port for CSI acquisition. 

Proposal 4: Maximum number of configurable ports for CSI-RS for L3 mobility and the maximum density d RE/RB/port are not larger than the maximum number of supported ports and the maximum density d RE/RB/port for CSI acquisition, respectively. 
3 Methods to Obtain Parameters of CSI-RS for L3 Mobility
RAN1#89 meeting discussed the following methods to obtain the parameters for CSI-RS for L3 mobility:
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

We believe the selected method for obtaining parameters for CSI-RS mobility should adhere to the following guidelines:
· For a cell edge UE, not all detected cells may need to be configured for L3 mobility measurement. This avoids unnecessary signaling and feedback overhead.
· For a cell edge UE, CSI-RS configuration requirements at different cells may be different for the purpose of L3 mobility. For instance, if UE moves faster towards Cell1 than Cell2, then CSI-RS periodicity for the purpose of L3 mobility at Cell1 may need to be shorter than that of Cell2.
· A group of cell-edge UEs may share the same CSI-RS configuration to measure a common neighboring cell. An example of such scenario is the group of UEs moving in the same vehicle. This feature reduces the signaling overhead.    
The common denominator of the above guidelines is that the CSI-RS for the purpose of L3 mobility should cater to specific mobility needs of cell-edge UEs rather than to be common to all UEs that detect a certain cell. Specifically, Method 3 advocates configured parameter(s) that is valid for all CSI-RS resources associated with detected cells. There is no need to measure all detected cells. Further, even if such a common parameter is valid for multiple CSI-RS resources associated with different cells, this parameter needs to be configured based on UE’s specific needs and not be cell-specific. As such, it is not clear how such a parameter can be derived from the Cell ID.   
Similar to Method 3, Method 5 proposes parameter(s) that are valid for CSI-RS resources associated with detected cells. It is not clear what the signaling mechanism would be if the CSI-RS parameters associated with different cells are different. 
Observation 1: Method 3 and 5 are essentially cell-specific CSI-RS for the purpose of L3 mobility.

Methods 1 and 4 are UE-specifically configurable. However, Method 1 is constrained to parameter configuration that is valid for a single UE. Method 4 is the only flexible UE-specifically configurable method in this list and is aligned with the above-mentioned three guidelines. 

Proposal 5: Configuration of parameters for CSI-RS for L3 mobility is valid for a single CSI-RS resource (Method 1) or a group of CSI-RS resources (Method 4) on a carrier frequency. 

4 Conclusions

This contribution has provided our view on parameters configuration of CSI-RS and methods to obtain these parameters. The following proposals have been made: 
Proposal 1: Time offset relative to the neighbor cell’s SS block should be provided in the neighbor cell’s CSI-RS configuration for the timing reference of the CSI-RS.

Proposal 2: The candidate periodicity of CSI-RS should support {5, 10, 20, 40}ms.
Proposal 3: NR should support UE-specific configurable ID (e.g. UE dedicated ID, or Group UE ID) to generate CSI-RS sequence for L3 mobility. This configurable ID can have a default value that can be overwritten by RRC signaling if necessary.
Proposal 4: Maximum number of configurable ports for CSI-RS for L3 mobility and the maximum density d RE/RB/port are not larger than the maximum number of supported ports and the maximum density d RE/RB/port for CSI acquisition, respectively. 
Observation 1: Method 3 and 5 are essentially cell-specific CSI-RS for the purpose of L3 mobility.

Proposal 5: Configuration of parameters for CSI-RS for L3 mobility is valid for a single CSI-RS resource (Method 1) or a group of CSI-RS resources (Method 4) on a carrier frequency. 
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