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1 Introduction
In RAN1#86b, the followings are agreed on the mobility related issues. 

	Agreements:
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE

· Study the following DL signals for IDLE mode RRM measurement

· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)

· Option 2: RS for demodulating broadcast channel

· Option 3: RS for mobility

· FFS if and how to associate the cell ID with this RS

· FFS this RS is for multi-beam and/or single-beam

· Option 4: Any combinations of above

· Other options are not precluded

· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode

· For L3 mobility based on DL measurement in CONNECTED mode UE:

· At least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement
· FFS UE-specific DL signals for this purpose
· Study the following DL signals for CONNECTED mode RRM measurement
· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)

· Option 2: RS for mobility

· FFS how to associate it with beam-ID and/or Cell-ID

· Option 3: RS for demodulating broadcast channel

· Option 4: A combination of option 1 and 2

· Other options are not precluded

· At least one of cell-level and beam-level measurement quantities is supported for RRM reporting.

· FFS which RRM measurement quantities to define, e.g., RSRP, RSRQ

· Study the following options for RRM measurement quantities to be reported for L3 mobility:

· Option 1: derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)

· Option 2: derived per beam

· Option 3: A combination of option 1 and 2

· Other options are not precluded


In addition, in RAN2#95bis, the followings are agreed. 
Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.

–
FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.

–
FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)

–
FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.

-
FFS how the cell in connected relates to the cell in idle

3. 
Study how to derive a cell quality based on measurements from individual beams

4. 
In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 

-FFS whether there may be cases that do require RRC involvement.

5
UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

Agreement

1
For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)

FFS how to combine beam measurements to a cell level single quality

Agreements for IDLE

1
In IDLE mode, UE performs cell selection and reselection on NR Cells.

2
Study how to derive a cell quality based on measurements.

This contribution discusses common RS design in NR, based on the agreements in the previous meetings in RAN1 and RAN2. 
2 Design Principles for Reference Signals
In the previous RAN2#95bis meeting, RAN2 has agreed on cell-level mobility for CONNECTED and the remaining question would be on the definition of cells in IDLE and CONNECTED. Similarly to LTE, RSRP/RSRQ measurement quantities can be used for cell-level mobility in NR. Two alternatives are being considered in NR, for defining the cell-level RSRP/RSRQ and what RS to provide for IDLE and CONNECTED for UE to measure RSRP/RSRQ.

· Alt 1: A common RS and same RSRP/RSRP definitions are used for both IDLE and CONNECTED.

· Alt 2: Different RS are used for IDLE and CONNECTED.

One benefit of Alt 1 is when UE’s state transit from IDLE to CONNECTED, the UE can use the selected cell during the IDLE state as a cell to connect. If Alt 2 is used, on the contrary, the best cell in IDLE and in CONNECTED may not be the same, which may require UE to apply an immediate handover for the best data connection. Considering this fact, it is proposed to agree on Alt 1. 
Proposal 1: A common RS is used for IDLE and CONNECTED. The common RS should be designed by RAN1.
For the purpose of network energy saving, possibility configuring different periods for IDLE and CONNECTED RS are being considered in RAN1. In one example, for supporting IDLE mobility, RS, PSS/SSS, PBCH are transmitted with a constant (typically long) period; and for supporting CONNECTED mobility, RS may be transmitted/configured with a faster duty cycle. When different RSs are used for IDLE and CONNECTED, the ping-pong issue may occur during the state transition and it is not desired as discussed earlier. If the same RS is used for both IDLE and CONNECTED but with different periods, the different periodicities may still result in different RSRP quantities. Hence, it is FFS whether to configure the same period or different periods for IDLE and CONNECTED.  
Proposal 2: For both IDLE and CONNECTED, the same period is used for common RS transmissions in NR. 

·   FFS the value of the period of the common RS
3 Conclusions
This contribution has reviewed design principles for common RS for multi-beam case and made the following proposals.

Proposal 1: A common RS is used for IDLE and CONNECTED. The common RS should be designed by RAN1.
Proposal 2: For both IDLE and CONNECTED, the same period is used for common RS transmissions in NR. 

·   FFS the value of the period of the common RS
