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Introduction
In RAN1#89[1], the following agreements were made
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:
· 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.

Agreements:
· RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurements

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

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

Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
· The other QCL parameters not precluded 
· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

Agreements:
· The following beam grouping criteria are considered:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered
· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.
· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.
Agreements:
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 
· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 
· the number of Tx beams per group in the report Q
· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information
· L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead
· Companies are encouraged to evaluate performance to determine values of M, N, L, Q for the first release of NR 
· Decide on the values of L, M, N, Q supported by the spec to be able to determine impact on reporting and indication overhead 

In addition, it was concluded in RAN1#88bis[2], that the following remaining issues of CSI-RS for RRM measurement for L3 mobility need to be finalized in RAN1#89. 
· Properties of CSI-RS for RRM measurement for L3 mobility, e.g.,
· Timing of CSI-RS for RRM measurement for L3 mobility
· Bandwidth of CSI-RS for RRM measurement for L3 mobility
· Numerology of CSI-RS for RRM measurement for L3 mobility
· The number of REs in the freq. domain of CSI-RS for RRM measurement for L3 mobility
· Resource mapping and parameters of CSI-RS for RRM measurement for L3 mobility
· Configuration of CSI-RS parameters for RRM measurement for L3 mobility

In this contribution, we discuss the signals for RRM Measurements to support L3 mobility of IDLE and CONNECTED mode UEs.  We will present out views on above remaining issues of CSI-RS for RRM measurement for L3 mobility.

NR CSI-RS for Beam Management
CSI-RS for RRM measurements will reuse CSI-RS design for beam management as baseline. The function of beam management is to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/receptionhas. It includes at least following aspects:
· Beam determination: for TRP(s) or UE to select of its own Tx/Rx beam(s).
· Beam measurement: for TRP(s) or UE to measure characteristics of received beamformed signals
· Beam reporting: for UE to report information of beamformed signal(s) based on beam measurement
· Beam sweeping: operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.
Beam management has following procedures
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s) 
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

At least network triggered aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations. A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· A reporting setting at least including
· Information indicating selected beam(s)
· L1 measurement reporting
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
·  Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
The work on CSI-RS for beam management is still ongoing. The following lists some remaining issues[1], which may have direct impact on SCI-RS for RRM measurement
· Number of ports
· CSI-RS RE patterns and configuration details of CSI-RS.
· Tx and Rx beam sweeping mechanism(s)
· How to support multiplexing of CSI-RS ports, e.g. FDM/TDM/CDM.
· RS RE densities

In addition, there are following remaining issues common for all CSI-RS functionalities [1]
· Mapping of port numbers to RE pattern.
· Location of OFDM symbols for CSI-RS transmission.
· Reference signal sequence, including sequence initialization and generation.
· QCL assumption and/or association (if supported) with other signal(s) and relevant signaling(if any).
· Note: CSI-RS can be a candidate for the other signal(s) above as well.
· Configuration of CSI-RS parameters including at least 
· CSI-RS bandwidth parameters, including bandwidth granularity.
· Timing related configuration (e.g. periodicity, slot offset, etc.) for semi-persistent/periodic CSI-RS.
· Numbers of configured Resource settings, Resource sets, Resources, and CSI-RS ports.
· Transmission power related configuration (e.g. EPRE ratio between CSI-RS and PDSCH)
· Numerology of CSI-RS
· Triggering mechanism(s) for aperiodic CSI-RS including activation/deactivation.
· Activation/deactivation mechanism(s) for semi-persistent CSI-RS.

NR CSI-RS for RRM Measurement for L3 Mobility
CSI-RS (RRM) measurement report threshold
To support CSI-RS RRM measurements, the CSI-RS measurement configuration needs to be provided by the network. The network needs to know the UE location within the network in order to configure the CSI-RS. Based on the CSI-RS configuration, the UE will detect the CSI-RS , perform the RRM RSRP measurements for the detected CSI-RS, and select the reference measurements for measurement reporting and event trigger for mobility.  The network may configure the threshold for RSRP reporting.  UE then reports RSRP greater than the threshold. 
Proposal 1: The CSI-RS RRM measurement configuration, such as RSRP reporting threshold, can be configured by network.
CSI-RS (RRM) Beam Group
TX beams of different TRPs should be put into beam groups. Whether the beam groups belong to one or multiple TRPs could be made transparent to UE. UE detects TX beam and reports the measurement reports with associated beam group.  The grouping information, i.e., information regarding which beams belong to the same group, shall be signalled to UE together with the CSI-RS configuration. 
Similar with CSI-RS (beam management), CSI-RS (RRM) should consider the following quantities with beam group reporting:
· the max number of groups supported in the specification M, 
· the max number of Tx beams per group supported in the specification  N
· the number of groups to report  L 
· the number of Tx beams per group in the report  Q

Proposal 2: Beam grouping information is signalled to UE together with the CSI-RS configuration for RRM measurements. 

CSI-RS (RRM) QCL’ed with NR-PSS/NR-SS port
To support CSI-RS RRM measurement for L3 mobility, it is important to consider the TRPs/Beam-level reference signals as the Quasi Co-Located (QCL’ed) antenna port with CSI-RS antenna port for TRP/beam-level RRM measurements, PRACH resource selection, and also potentially for L3 mobility management as discussed in [7].   The physical location of CSI-RS antenna ports is transparent to UEs.  The CSI-RS configuration might include antenna ports from different TRPs or cells.   Each CSI-RS antenna port needs to have a reference QCL’ed antenna port, which is used for channel tracking.  The default antenna ports as the QCL reference antenna port is the serving cell RS port, e.g., NR-PSS/NR-SS.   If the configured CSI-RS antenna port is not QCL’ed with existing reference antenna port for multi-beam configuration, non-collocated TRPs, or different cells,  additional antenna port associated with specific beam, TRP and cell would need to be defined for UE autonomous detection and channel tracking.   TRP/beam-SS is the additional antenna port associated with each beam or TRP within a cell for UE to detect and track the channel.   

Proposal 3: Each CSI-RS antenna port needs to have a reference QCL’ed antenna port, which is used for channel tracking.  The default antenna ports as the QCL reference antenna port is the antenna port of an SS Block.

CSI-RS (RRM) periodicity
The following agreement was made regarding the periodicity of the CSI-RS (RRM)
· Periodic CSI-RS transmission with configurable periodicity  [RAN1#89]
· Note that CSI-RS transmission can be turned on and off
· FFS: candidate periodicity values

Consider CSI-RS (RRM) measurement for is long-term measurement for L3 mobility, the CSI-RS (RRM) periodicity should be in general longer than that for CSI-RS for beam management or for CSI acquisition. There is no need to have CSI-RS (RRM) periodicity shorter than a subframe. On the other hand, CSI-RS (RRM) measurement is used for L3 mobility for CONNECTED mode UE, but not for idle UE, thus the CSI-RS (RRM) periodicity should be in general not longer than that of SS block burst set.  
Proposal 4: CSI-RS (RRM) periodicity should in general be longer than that of the CSI-RS (beam management) and shorter than that of SS block burst set. Candidate periodicity values of CSI-RS (RRM) can be {5, 10, 20, 40, 80, 160}ms.

CSI-RS (RRM) bandwidth
For the CSI-RS bandwidth for Beam management, it was agreed that
· Configurable transmission/measurement bandwidth [RAN1#89]
· FFS: whether/how transmission and/or measurement bandwidth is indicated to UE

General speaking, wider bandwidth leads to higher measurement performance, while require more CSI-RS resource under the assumption of the same resource density. Since it was agreed that CSI-RS for beam management can be configured to support wideband CSI-RS and partial-band CSI-RS, and considering power saving and also not all UE supports full carrier bandwidth, it is reasonable to support both wideband and partial-band CSI-RS for RRM measurement for L3 mobility. Both transmission and/or measurement bandwidth can be included in CSI-RS (RRM) configuration and indicated to the UE together with other CSI-RS (RRM) configuration parameters. 
Proposal 5: CSI-RS (RRM) transmission and/or measurement bandwidth should be included in CSI-RS (RRM) configuration and indicated to the UE together with other CSI-RS (RRM) configuration parameters through using dedicated signaling 
CSI-RS (RRM) Numerology
For the numerology of CSI-RS for Beam management, RAN1 has the following working assumption:
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· ….

For RRM measurements for L3 mobility, the measured RSRP is the averaged values across multiple configured REs in the measurement bandwidth. There is no strong motivation to support subtime unit. The agreed numerology of CSI-RS for beam measurement should be good enough for CSI-RS for RRM measurement without the need to support subtime unit.

Proposal 6: Numerology agreement for CSI-RS for beam management can be applied in CSI-RS for RRM measurement for L3 mobility without the need to support subtime unit.

CSI-RS (RRM) resource mapping
For CSI-RS for beam management, RAN1 has not decided the CSI-RS density yet.  For CSI-RS for RRM measurement for L3 mobility, it is desirable to support the same CSI-RS resource mapping as CSI-RS for CSI acquisition.  
Proposal 7: NR should support the same CSI-RS RE mapping as CSI-RS for beam management.

CSI-RS (RRM)  configuration framework
RAN1 has so far undecided on the exact resource mapping and the parameters for CSI-RS for beam management. Consider that the CSI-RS for RRM measurements for L3 mobility is based on CSI-RS for beam management, the decision for the resource mapping and the parameters for CSI-RS for RRM measurements for L3 mobility should wait for the progress of the CSI-RS for beam management. At this moment, we do not foresee there is a need to introduce additional requirements. Thus, it is clearly desirable to support a common configuration framework for both CSI-RS for beam management and CSI-RS for RRM measurement for L3 mobility.
Proposal 8: Unified configurations should be adopted for the CSI-RS for beam management and the CSI-RS for RRM measurement for L3 mobility. NR should support the same CSI-RS RE mapping as CSI-RS for beam management.

Conclusion
This paper discusses the remaining issues of CSI-RS for RRM measurement for L3 mobility. We propose the following: 
· Proposal 1: The CSI-RS RRM measurement configuration, such as RSRP reporting threshold, can be configured by network.
· Proposal 2: Beam grouping information is signaled to UE together with the CSI-RS configuration for RRM measurements.
· Proposal 3: Each CSI-RS antenna port needs to have a reference QCL’ed antenna port, which is used for channel tracking.  The default antenna ports as the QCL reference antenna port is the NR-PSS/NR-SS port.
· Proposal 4: CSI-RS (RRM) Transmission and reporting periodicity should in general be longer than that of the CSI-RS (beam management) and shorter than that of SS block burst set. Candidate periodicity values of CSI-RS (RRM) can be {5, 10, 20, 40, 80, 160}ms. 
· Proposal 5: CSI-RS (RRM) transmission and/or measurement bandwidth should be included in CSI-RS (RRM) configuration and indicated to the UE together with other CSI-RS (RRM) configuration parameters through using dedicated signaling.
· Proposal 6: Numerology agreement for CSI-RS for beam management can be applied in CSI-RS for RRM measurement for L3 mobility without the need to support subtime unit.
· Proposal 7: NR should support the same CSI-RS RE mapping as CSI-RS for beam management.
· Proposal 8: Unified configurations should be adopted for the CSI-RS for beam management and the CSI-RS for RRM measurement for L3 mobility.
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