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1. Introduction
In RAN1#88b [1], the following were agreed on measurements for L3 mobility:
Agreements:
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.

· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block

· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.

· NR cell ID for time reference of CSI-RS(s) is informed to the UE

In RAN#89[2], the following were agreed on measurements for L3 mobility:

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 RAN#AH2[3], the following were agreed on measurements for L3 mobility:

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
In RAN#90[4], the following were agreed

Agreements:
· Sequence design used for CSI-RS for beam management is baseline

· For CSI-RS based RRM measurement for L3 mobility, CSI-RS sequence seed to generate CSI-RS sequence is UE-specifically configured
· FFS: sufficient CSI-RS sequence seed size for L3 mobility
Working assumptions:
· Design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
· Values of D for CSI-RS for beam management are reused for CSI-RS for L3 mobility

· FFS: maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE

· For one cell, all CSI-RS resources for L3 mobility are confined to X slot(s)
· FFS: value of X

2. CSI-RS for L3 Mobility  

1.1 CSI-RS transmission coordination for L3 mobility 

CSI-RS transmission for L3 mobility needs to ensure that UE throughput and battery life are not adversely impacted during measurements. Consider the following two cases for CSI-RS transmission from serving and neighbor cells on a carrier frequency: 

· Uncoordinated transmission of CSI-RS from serving and neighbor cells, i.e., different slot/mini-slots.

· Coordinated transmission of CSI-RS from serving and neighbor cells, i.e., same slot/mini-slot or CSI-RS transmissions that occur within a short window.
With uncoordinated CSI-RS transmission from serving and neighbor cells:

· UE may need multiple measurement windows to measure serving and neighbor cell(s). 

· The number of measurement windows increases with the number of neighbor cells.

· Consequently, there are a few drawbacks: 

· Impact to user rate due to scheduling limitations during each measurement window. There could be multiple windows to measure neighbor cells. 

· Impact to UE battery life as UE may have to wake-up and sleep multiple times to measure serving and neighbor cell(s). 

On the other hand, if CSI-RS transmission from serving and neighbor cells are coordinated then:

· In non-C-DRX, coordinated CSI-RS transmission allows UE to measure CSI-RS from serving and neighbor cell(s) in fewer measurement windows. 
· Consequently, the advantages are: 

· Less impact to user rate during L3 mobility measurements, and 

· Less impact to UE battery life (fewer wake-up for CSI-RS measurements).
· In C-DRX, coordinating CSI-RS transmission from serving and neighbor cells to occur during C-DRX on period minimizes UE wake up for CSI-RS measurements thereby having minimal impact to UE battery life.    
Therefore, for L3 mobility based on CSI-RS, the CSI-RS transmission from serving and neighboring cells must be coordinated.

Proposal 1: Network shall co-ordinate the transmission of CSI-RS from serving and neighbor cells to occur within one slot to support CSI-RS based L3 mobility.
1.2 QCL between NR-SS and CSI-RS for L3 mobility 
In RAN#AH2[3], it was agreed that NR supports the following CSI-RS properties for RRM measurement for L3 mobility:
· 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
The QCL between NR-SS and CSI-RS for RRM measurements for L3 mobility is needed for serving as well as neighbor cell(s). For CSI-RS based L3 mobility, UE detects NR-SS blocks of a cell and then use the QCL relation between NR-SS and CSI-RS (provided by the network) to beamform towards detected NR-SS direction(s) to measure corresponding CSI-RS resources. This reduces UE search complexity.

Proposal 2: Network shall provide QCL relation between NR-SS block and CSI-RS for serving and neighbour cell(s) to assist in RRM measurements for L3 mobility.  

1.3 CSI-RS based L3 mobility in asynchronous and synchronous networks

Consider synchronous and asynchronous deployments based on whether the gNBs are synchronized in time. A network where gNBs are time synchronized at the SFN and slot/mini-slot is categorized as synchronous networks. If SFN or slot/mini-slot synchronization between gNBs is not achievable then such a network is termed as asynchronous network.
Observation 1: The co-ordination of CSI-RS transmission from serving and neighbor cells to support L3 mobility can be achieved for synchronous deployments.

As neighbor cells have different SFN or slot/mini-slot timing may be hard to co-ordinate CSI-RS transmissions from serving and neighbor cells in asynchronous networks.
Proposal 3: In asynchronous networks, L3 mobility shall be based on NR-SS.  
Further, RAN 1 has already agreed as noted in Section 1, that the time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell. 

For L3 CONNECTED mobility, serving cell sends the CSI-RS configuration to a UE. The CSI-RS configuration provides antenna ports count, CSI-RS signal and time configurations. For L3 mobility UE needs timing information of neighbor cells for measurements for the following reason: 

1. The CSI-RS sequence is a function of slot number and symbol index within a slot. The sequence is initialized with the cell-id to distinguish sequences from neighboring cells. 

2. In addition, the time configuration is a function of cell timing, i.e., SFN and slot number of cells. 

In synchronous networks, the timing of neighbor cells is same as the timing of serving cell. UE can use this information for measuring CSI-RS from neighbor cells after detecting NR-SS.

Proposal 4: In synchronous networks, the timing reference for CSI-RS for L3 mobility is the frame/slot timing derived from the serving cell.
3. Conclusion 

Based on the above discussions, we recommend RAN 1 discuss the following observations and proposals:
Proposal 1: Network shall co-ordinate the transmission of CSI-RS from serving and neighbor cells to occur within one slot to support CSI-RS based L3 mobility.

Proposal 2: Network shall provide QCL relation between NR-SS block and CSI-RS for serving and neighbour cell(s) to assist in RRM measurements for L3 mobility.
Observation 1: The co-ordination of CSI-RS transmission from serving and neighbor cells to support L3 mobility can be achieved for synchronous deployments.

Proposal 3: In asynchronous networks, L3 mobility shall be based on NR-SS.  
Proposal 4: In synchronous networks, the timing reference for CSI-RS for L3 mobility is the frame/slot timing derived from the serving cell.
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