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1. Introduction

In RAN1 #86bis meeting, there was discussion on RRM measurement in new radio access technology (NR) and the following agreements were made [1]:

	Agreements:
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2

· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.

· Detailed definition of NR cell FFS

· 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
Agreements:
· 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

· FFS for other UE states (if introduced by RAN2)


In this contribution, we discuss RS for RRM measurement and RLF (radio link failure).
2. Discussion

2.1. RS for RRM measurement
In a NR system, a NR cell can comprise multiple TRP(s) having same cell ID and each TRP can manage single or multiple analog beam(s) [2]. Considering fast cell selection and UE power efficiency, cell-specific measurement RS (C-MRS) can be considered for RRM measurement at least for IDLE mode UE. Note that C-MRS does not differentiate TRP(s) or beam(s) in a NR cell. Furthermore, C-MRS can be used in both of IDLE mode and CONNECTED mode. For example, RRM measurement based C-MRS can be used for cell selection/reselection in IDLE mode and HO (handover) procedure in CONNECTED mode. In CONNECTE mode, C-MRS can also be used for time and frequency tracking.
Proposal #1: For RRM measurement, C-MRS can be used for cell selection/reselection in IDLE mode and HO (handover) procedure in CONNECTED mode.
For RRM measurement in CONNECTED mode, beam specific RRM measurement can also be considered for ICIC operation between NR cells. For example, network can coordinate analog beams based on beam specific RRM measurement reporting for the purpose of interference mitigation. The beam specific RRM measurement/reporting can be derived by using additional beam specific measurement RS (B-MRS). B-MRS can also be used for serving beam management.
Proposal #2: For RRM measurement, B-MRS can be used for beam-level ICIC in CONNECTED mode.
Considering that UE BW (bandwidth) can be different from system BW (i.e., UE BW smaller than system BW), there can be a case where MRS(s) (e.g., C-MRS, B-MRS) are not included in a UE RX subband when MRS(s) are transmitted in a narrow band which is different from UE RX subband. Therefore, MRS(s) in CONNECTED mode should support flexible resource allocation in frequency domain. For the case of C-MRS, there can be minimum guaranteed resources which would be used for UE in IDLE mode. 
Proposal #3: For RRM measurement, flexible frequency resources (e.g., subbands) allocation can be considered for MRS(s) (e.g., C-MRS, B-MRS) in CONNECTED mode.

2.2. RS for RLF
In legacy LTE system, RLF is defined based on PDCCH decoding success/failure. If consecutive PDCCH decoding failures occur in multiple subframes, then UE interpreted it as out-of-sync indication. If out-of-sync indication occurs up to certain times (e.g., N310), T310 timer will start. Before expiry of T310 timer, UE counts in-sync indication which is corresponding to consecutive PDCCH successes in multiple subframes. If the count for in-sync indication is lower than certain value (e.g., N311), UE decides that RLF is detected. For the decision of PDCCH decoding success/failure, UE can refer DL measurement based on CRS while the exact decision mechanism would different according to UE implementation (e.g., RSRP, RSRQ, SINR based).
Similar to LTE system, cell-level RLF (C-RLF) can also be defined for a NR system. For the decision of cell-level RLF, UE can use DL measurement based on cell specific DL signal. As an example, C-MRS can be also used for C-RLF in NR. Considering that a NR cell can have multiple beams (e.g., multi-beam based operation), beam-level RLF (B-RLF) can be considered. For example, UE can detect B-RLF when wrong serving beam is selected or when serving beam is not appropriate for data transmission due to best beam change at UE side. For detection of B-RLF, UE can use beam specific DL RS corresponding to serving beam (e.g., CSI-RS, B-MRS). In addition, if UE detect B-RLF, the UE can perform beam recovery procedure where UE reports channel information per beam and then network configure new serving beam for the UE.
Proposal #4: In NR system, both of cell-level RLF (C-RLF) and beam-level RLF (B-RLF) can be considered with the following DL RS for RLF detection.

· RS for C-RLF: cell-specific DL RS (e.g., C-MRS)

· RS for B-RLF: beam-specific DL RS corresponding to serving beam (e.g., CSI-RS, B-MRS)
3. Conclusion
In this contribution, we discussed RS for RRM measurement and RLF and the following proposals were made:
Proposal #1: For RRM measurement, C-MRS can be used for cell selection/reselection in IDLE mode and HO (handover) procedure in CONNECTED mode.
Proposal #2: For RRM measurement, B-MRS can be used for beam-level ICIC in CONNECTED mode.
Proposal #3: For RRM measurement, flexible frequency resources (e.g., subbands) allocation can be considered for MRS(s) (e.g., C-MRS, B-MRS) in CONNECTED mode.

Proposal #4: In NR system, both of cell-level RLF (C-RLF) and beam-level RLF (B-RLF) can be considered with the following DL RS for RLF detection.

· RS for C-RLF: cell-specific DL RS (e.g., C-MRS)

· RS for B-RLF: beam-specific DL RS corresponding to serving beam (e.g., CSI-RS, B-MRS)
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