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Introduction
In RAN1#86bis, study of RRM measurements for IDLE and CONNECTED mode UEs were agreed  as follows,  
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)


· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now

The synchronization signals and broadcast channel in NR were also agreed in RAN1#86bis as follows,

Agreements:
· NR defines at least two types of synchronization signals
· NR-PSS at least for initial symbol boundary synchronization to the NR cell
· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing
· NR-SSS for detection of NR cell ID or at least part of NR cell ID
· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE
· FFS number of NR cell IDs
· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM
· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index
· NR defines at least one broadcast channel: NR-PBCH
· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing
· Following broadcasting schemes to carry essential system information can be considered
· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information
· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1
· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded

In this contribution, we discuss the signals for RRM Measurements to support L3 mobility of IDLE and CONNECTED mode UEs.  

RRM Measurements and Mobility Management 

RRM measurements are used for the selection of connection point and mobility management when UE initially accesses the NR system.  The initial access procedure starts with the UE acquiring the NR system DL transmission timing and the cell ID by detection of the DL synchronization signals(s), such as NR-PSS and NR-SSS.  UE might detect more than one set of DL synchronization signals NR-PSS and NR-SSS.  UE will select the strongest detected synchronization signals as the reference timing of DL timing.   UE will try to decode the NR-PBCH and performs the RRM measurements.   


IDLE Mode UE RRM measurements

For IDLE mode UEs, UE needs to perform RRM measurements based on the Cell ID derived from the detected NR-PSS/NR-SSS.  UE would need to retrieve system information from the cell physical channel, such as NR-PBCH, of the detected cell for cell selection/re-selection.   DM RS for the channel tracking and channel estimation is required to be allocated with the cell physical channel carrying the system information for cell selection and re-selection.  In RAN1#86, it was agreed that all QCL assumptions that a UE is allowed to make among antenna ports should be identified and explicitly specified.   

Proposal 1:  NR-PSS/NR-SSS should be QCL’d with DM RS of Physical Channel carrying essential system information in order for UE to perform channel estimation for demodulation and RRM measurements.  
RRM measurements for IDLE mode UE mobility are mainly for cell selection/re-selection.  If a cell is consists of multiple TRPs or multi-beam configuration, IDLE mode UE does not need to detect individual TRP or beam within the cell for mobility.  Thus, the signals for IDLE mode UE RRM measurements are the NR-PSS/NR-SSS and DM RS of broadcast channel.  
Proposal 2: DL signals for IDLE mode UE RRM measurements include synchronization signals and DMRS of broadcast channel.  

CONNECTED mode UE RRM measurements


For CONNECTED mode UEs, the RRM measurements for L3 mobility would be determined by the UE connectivity. In particular, the configuration of NR access nodes and cells could be multi-dimension as shown in Figure 1.   A NR cell is configured with multiple TRPs and each TRP could be configured with multiple beams.   The RRM measurements for CONNECTED mode UEs would be subjected to the UE connection to a TRP within a cell or a beam in the multi-beam configuration within a TRP as shown in Figure 1.   In order to have the connectivity to a TRP in a cell or a beam of the multi-beam configuration in a TRP, the TRP-specific or beam-specific RS is needed for initial acquisition and the channel estimation and channel state measurement.   The TRP-specific or beam-specific RS for the TRP or beam access should be used for the RRM measurements of L3 mobility.   
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[bookmark: _Ref465974780]Figure 1:  NR cell with multi-TRP and multi-beam configuration






If the system information (SIBs) is not carried by NR-PBCH with resource predefined in the specification, the SIBs would be carried by DL shared channels.  The resource of the DL shared channel is scheduled and indicated in the DL control channel.  The DM RS of the DL control channel and DL shared channels carrying system information are available periodically.  The synchronization signal detected by the UE would be the dependent variable to derive the identification of DL transmission point and to retrieve the essential system information.  The DM RS of the DL control channel and DL shared channel carrying system information could be used along with synchronization signals and system reference signals for RRM measurements.   


Proposal 3:  DL signals for CONNECTED mode UE RRM measurements include synchronization signals, TRP-specific or beam-specific reference signals, and DMRS of DL control channel and DL shared channel carrying essential system information. 
When multi-beam is configured in a NR system, each beam will be configured with its own beam-specific RS in order for UE autonomously detection of the beam and measurement of channel state information of each beam.   The beam-specific RS is also used for the channel tracking and channel estimation of each beam in the multi-beam configuration.  The RRM measurements would be based on beam-specific RS.  DL broadcast channel, DL control channel, and DL shared channel are all beam formed in the multi-beam configuration.  The DM RS of the DL control channel and DL shared channel needs to be QCLed with the beam-specific RS for multi-beam operation.   The RRM measurements of multi-beam operation would be based on beam-specific RS and DM RS of DL control channel and DL shared channel.  
Proposal 4:  The DM RS of the DL control channel and DL shared channel needs to be QCLed with the beam-specific RS for multi-beam operation.   The RRM measurements of multi-beam operation would be based on beam-specific RS and DM RS of DL control channel and DL shared channel.  

Conclusion
This paper discusses the RRM measurements for IDLE and CONNECTED mode UEs.  We propose the following,  
· Proposal 1:  NR-PSS/NR-SSS should be QCL’d with DM RS of Physical Channel carrying essential system information in order for UE to perform channel estimation for demodulation and RRM measurements.  
· Proposal 2: DL signals for IDLE mode UE RRM measurements include synchronization signals and DMRS of broadcast channel.  
· Proposal 3:  DL signals for CONNECTED mode UE RRM measurements include synchronization signals, TRP-specific or beam-specific reference signals, and DMRS of DL control channel and DL shared channel carrying essential system information. 
· Proposal 4:  The DM RS of the DL control channel and DL shared channel needs to be QCLed with the beam-specific RS for multi-beam operation.   The RRM measurements of multi-beam operation would be based on beam-specific RS and DM RS of DL control channel and DL shared channel.  
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