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Introduction
The following agreements were made for L3 Mobility and CSI-RS measurements in RAN1:
	RAN1#NR_AH02
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
On CSI-RS for CSI-acquisition, the following agreements were made:

Agreements:
· Support for CSI-RS sequence design:
· (Working assumption) PN sequence at least for CSI-RS for CSI acquisition
· UE specifically configured CSI-RS sequence seed
· FFS, sequence design, e.g. PN sequence, ZC sequence, M sequence, etc., for other use cases such as beam management and fine time/frequency tracking
Agreements:
· Confirm the WA with the following revision
· Support PN sequence for CSI-RS for CSI acquisition and beam management
· FFS detailed sequence generation and initialization methods
· E.g. function of slot number, OFDM symbol number, CP length, UE ID, cell ID, virtual cell ID, function of PRB position of configured CSI-RS resource, etc.

Agreements:
· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15 
Agreement:
· Down-select among the following two options in the next meeting
· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)
· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
Agreements:
· Down-select among the following two options in the next meeting:
· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 
· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 
· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.
· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot

Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”




	RAN1#89
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:
· RAN1 provides the following response to Question 1:
· 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.
· For example, they could be the same when both are configured to be periodic with same periodicity
· For example, they could be different when CSI-RS for L3 mobility is configured to be periodic and CSI-RS for beam management is configured to be aperiodic
· For example, they could be partly the same when both are configured to be periodic but with different periodicities

Agreements:
· RAN1 provides the following response to the "cell-specific and configurable" part of Question 2 in R1-1709061:
· 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




In this contribution, we discuss the signals for RRM Measurements to support L3 mobility of IDLE and CONNECTED mode UEs, and present out views on remaining issues of CSI-RS for RRM measurement for L3 mobility.
NR CSI-RS for RRM Measurement for L3 Mobility
Number of Antenna Port(s) for CSI-RS (RRM) 
CSI-RS for RRM measurements reuses CSI-RS design for beam management as the baseline. For CSI-RS (BM), it was agreed in RAN1#NR_AH02 that CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used. Thus, it is reasonable that CSI-RS (RRM) also support CSI-RS resource with 1-port and 2-port for one OFDM symbol. In addition, the following agreements for CSI-RS (BM) should be applicable to CSI-RS (RRM).

· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
Proposal 1:  CSI-RS resource with 1-port and 2-port for one OFDM symbol is used for CSI-RS for RRM measurements. 

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 signaled to UE together with the CSI-RS configuration. 
As the CSI-RS (BM), the following beam group reporting criteria are considered for CSI-RS (RRM)
· A1 Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
· A2 Different TRP TX beams reported for different groups can be received simultaneously at the UE.
For each group l, UE reports at least:
· Information indicating group  
· Measurement quantities for Nl beam (s)
· Support L1 RSRP report
· Information indicating Nl DL Tx beam(s) when applicable

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

CSI-RS (RRM) periodicity
It was agreed that the periodicity of the CSI-RS (RRM) is configurable with the periodicity of {5, 10, 20, 40, [80, 160]} ms. In addition, it was also agreed that the measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported.  For the subband/bandwidth part without SS blocks, it is desirable to use the CSI-RS to support the same flexibility for RRM measurements in term of measurement time and bandwidth as provided by the SS blocks. Considering that the periodicity of {5, 10, 20, 40, 80, 160} is supported for the SS blocks, it is reasonable to support the same periodicity for CSI-RS.   
Proposal 3: CSI-RS (RRM) periodicity can be configurable in the same range as SS burst set, i.e., {5, 10, 20, 40, 80, 160} ms.

CSI-RS (RRM) measurement bandwidth
It was agreed that the CSI-RS (RRM) transmission and measurement bandwidths are configurable. For the CSI-RS (RRM) measurement band bandwidth, it was agreed at least the 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.  For the additional wider bandwidth for each SCS, it is reasonable to require the UE to support the CSI-RS measurement band bandwidth as the maximum UE bandwidth. On the other hand, considering that different UE may support different maximum UE bandwidths, it may be easier to define a fixed wider measurement bandwidth for each SCS. Also, the fixed measurement bandwidth may be associated with the target performance requirements for each SCS. Since measurement bandwidth is tightly associate with the measurement performance, it may be reasonable to let RAN4 make the decision on the wider measurement bandwidth associated with each SCS.
Proposal 4: The candidate values for wider measurement bandwidth associated with each SCS can be decided by RAN4 according to the measurement performance requirements. 

CSI-RS (RRM) transmission bandwidth
gNB need to transmit CSI-RS for supporting different UEs. gNB may transmit CSI-RS with a bandwidth as small as the minimum carrier bandwidth for supporting one or more UEs, or may transmit CSI-RS with a bandwidth as larger as the system carrier bandwidth. Thus, the CSI-RS (RRM) transmission bandwidth configured for a UE can be any value between the minimum and maximum carrier bandwidth for each SCS (Note: Obviously, in CSI-RS configuration for a UE, the configured  CSI-RS (RRM) transmission bandwidth should not be smaller than the configured  CSI-RS (RRM) measurement bandwidth). 
Proposal 5: CSI-RS (RRM) transmission bandwidth can be configured at any value between the minimum and maximum carrier bandwidth for each SCS, as long as it is not smaller than the configured CSI-RS (RRM) measurement bandwidth in the same CSI-RS resource configuration.

CSI-RS (RRM) sequence generation 
It was agreed in RAN1#NR_AH02 that PN sequence is used for CSI-RS for CSI acquisition and beam management. The detailed sequence generation and initialization methods are still FFS, e.g. as a function of slot number, OFDM symbol number, CP length, UE ID, cell ID, virtual cell ID, PRB position of configured CSI-RS resource, etc. For CSI-RS (RRM) sequence generation, it is reasonable also use PN sequence.
Proposal 6: PN sequence is used for CSI-RS (RRM). 
An NR cell can be configured with multiple TRPs and each TRP could be configured with multiple beams. A UE may be connected via a beam to a cell directly or through a beam to a TRP within the cell. Thus, for the initialization of CSI-RS (RRM) sequence generation, it is reasonable to use UE ID, cell ID, beam index, and TRP index.  
Proposal 7: UE ID, cell ID and beam index should be used in the initialization of CSI-RS (RRM) sequence generation. For a cell with multiple TRPs, the TRP index should also be used if there is an overlapping of beam indexes among the TRPs. 

CSI-RS (RRM) configuration framework
Consider that the CSI-RS (RRM) is based on CSI-RS (BM), the decision for the resource mapping and the parameters for CSI-RS (RRM) should wait for the progress of the CSI-RS (BM). Thus, it is desirable to support a common configuration framework for both CSI-RS (BM) and CSI-RS (RRM). The maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. RRM reporting, beam reporting, CSI reporting).
Proposal 8: Unified configurations should be adopted for the CSI-RS (BM) and the CSI-RS for RRM measurement for L3 mobility. CSI-RS (RRM) should follow the same CSI-RS RE mapping as CSI-RS (BM).
Conclusion
This paper discusses the remaining issues of CSI-RS for RRM measurement for L3 mobility. We propose the following: 
· Proposal 1:  CSI-RS resource with 1-port and 2-port for one OFDM symbol is used for CSI-RS for RRM measurements. 
· Proposal 2: Beam grouping information is signaled to UE together with the CSI-RS configuration for RRM measurements. 
· Proposal 3: CSI-RS (RRM) periodicity can be configurable in the same range as SS burst set, i.e., {5, 10, 20, 40, 80, 160}ms.
· Proposal 4: The candidate values for wider measurement bandwidth associated with each SCS can be decided by RAN4 according to the measurement performance requirements. 
· Proposal 5: CSI-RS (RRM) transmission bandwidth can be configured at any value between the minimum and maximum carrier bandwidth for each SCS, as long as it is not smaller than the configured CSI-RS (RRM) measurement bandwidth in the same CSI-RS resource configuration.
· Proposal 6: PN sequence is used for CSI-RS (RRM). 
· Proposal 7: UE ID, cell ID and beam index should be used in the initialization of CSI-RS (RRM) sequence generation. For a cell with multiple TRPs, the TRP index should also be used if there is an overlapping of beam indexes among the TRPs. 
· Proposal 8: Unified configurations should be adopted for the CSI-RS (BM) and the CSI-RS for RRM measurement for L3 mobility. CSI-RS (RRM) should follow the same CSI-RS RE mapping as CSI-RS (BM).
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