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1. Introduction
The following agreements were made for L3 Mobility and CSI-RS measurements in RAN1:
	Agreements:
· In NR RRM measurement for L3 mobility, 
· RSRQ based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode
· RSRQ based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· SS block based RSRQ/RS-SINR are at least based on SS/PBCH-RSRP, and CSI-RS based RSRQ/RS-SINR are at least based on CSI-RSRP
· FFS: how to define RSRQ and RS-SINR, e.g.,
· Which time/frequency resource(s) are used for RSSI/interference measurement
· Whether/how to indicate the resource(s) for RSSI/interference measurement
· How to treat UE RX beam for RSRQ/RS-SINR measurement
· RAN1 strives to have common definition on RSRQ and RS-SINR for below-6 and above-6 GHz

Agreements:
· UE is not required to measure CSI-RS configured for L3 mobility outside the active time
· Note exact definition of C-DRX active time depends on RAN2
· In this context the active time referred by RAN1 relates to the time when UE is monitoring PDCCH in onDuration or due to any timer triggered by gNB activity 
· I.e. when any of ‘onDurationTimer’, ‘drx-InactitivityTimer’ or ’ drx-RetransmissionTimer’ is running
· FFS:
· whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation
· whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time 

Agreements:
· Sequence design used for CSI-RS for beam management is baseline
· For CSI-RS based RRM measurement for L3 mobility, CSI-RS sequence seed to generate CSI-RS sequence is UE-specifically configured
· FFS: sufficient CSI-RS sequence seed size for L3 mobility

Working assumptions:
· Design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
· Values of D for CSI-RS for beam management are reused for CSI-RS for L3 mobility
· FFS: maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE
· For one cell, all CSI-RS resources for L3 mobility are confined to X slot(s)
· FFS: value of X
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Agreements: 
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers
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:
· 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”




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 RRM measurement for L3 mobility.
2. NR RRM measurements for L3 mobility
Definition of SS-RSRQ measurements
It was agreed in RAN1#90 to introduce RSRQ based on SS/PBCH block and RSRQ based on CSI-RS for L3 mobility for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode. But, it is still FFS on how to define the RSRQ. In the following, we discuss the definition for the SS-RSRQ. 
In LTE, Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth, where the RSSI may be measured over the same set of resource blocks as the RSRP. However, depending on higher layer indication, the RSSI may be measured only on from the OFDM symbols containing CRS symbols or from all OFDM symbols of the DL part of measurement subframes. In addition, higher-layer may also indicate certain subframes for performing RSRQ measurements. 
The selection of the time/frequency resources for the RSSI measurements for SS block based RSRQ may be based on the following considerations: 
· Measurement reliability or stability. General speaking, RRM measurements for L3 mobility requires to be reliable, long term measurements, using more time/frequency resources may be helpful in this regard, 
· Measurement accuracy. Needless to say, the measurement accuracy is a key factor in the RRM measurements. Using more time/frequency resources may also be helpful in this regard. 
· UE power consumption. UE power consumption is always an important factor when defining the measurement requirements. From UE power consumption point of view, it should avoid measuring the OFDM symbols that do not contain the reference signals.  
· UE minimum bandwidth. The default measurement bandwidth should not exceed the UE minimum bandwidth. 

Similar with LTE RSRQ, there can be multiple options for the time and frequency resource used for RSSI measurements for SS block based RSRQ:
From time resource perspective, there are following options:
· Option 1: RSSI is measured only on the OFDM symbols containing the SSS that is used for RSRP measurement.
· Note: this is similar to the default behavior in LTE
· Option 2: RSSI is measured on the OFDM symbols of the SS block that contains the SSS used for RSRP measurement
· Note: this option allows the UE to use more OFDM symbols to measure the RSSI
· Option 3: RSSI is measured on all OFDM symbols in a slot or in a subframe that containing the SS block that contains the SSS used for RSRP measurement
· Note: Although this option looks similar with LTE when RSSI is measured from all OFDM symbols of the DL part of the indicated subframes, the option may not be proper due to the SS blocks in a slot or in a subframe may be transmitted in different beams.

From frequency resource perspective, there are following options:
· Option 1: RSSI is measured only on the RBs containing the SSS;
· Note: The option is reasonable if RSSI is measured only on the OFDM symbols containing the SSS that is used for RSRP measurement
· Option 2: RSSI is measured on the RBs containing the SS block;
· Note: The option may be the right choice if RSSI is measured only on all OFDM symbols of the SS block containing the SSS that is used for RSRP measurement
· Option 3: RSSI is measured on the RBs of the UE minimum bandwidth;

Based on above considerations, it seems reasonable to adopt the following options for the time/frequency resources for the RSSI measurement for SS block based RSRQ: 



Figure 1. Time/Frequency resources for RSSI measurements

Proposal 1:
· Unless indicated otherwise by higher layers, RSSI is measured only from OFDM symbols containing SSS symbol in an SS block for antenna port 0 of measurement subframes, and the RSSI is measured over the same set of resource blocks as the RSRP (Figure 1(a)). 
· If higher layers indicate all OFDM symbols in an SS block for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the SS block, and the RSSI is measured over the same set of resource blocks as the SS block (Figure 1(b)).

Definition of NR SS-SINR measurements
In LTE reference signal-signal to noise and interference ratio (RS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying cell-specific reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying cell-specific reference signals within the same frequency bandwidth.
The similar definition may be used for NR synchronization reference signal-signal to noise and interference ratio (SS-SINR). That is, SS-SINR can be defined as the linear average over the power contribution (in [W]) of the resource elements carrying secondary reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary reference signals within the same frequency bandwidth.
Proposal 2:
· NR synchronization reference signal-signal to noise and interference ratio (SS-SINR) is defined as the linear average over the power contribution (in [W]) of the resource elements carrying secondary synchronization reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary synchronization reference signals within the same frequency bandwidth.

3. NR CSI-RS for RRM Measurement for L3 Mobility
CSI-RS resources for beam management 
The following WA was agreed in Initial Access session in RAN1#90:
Working assumptions:
· Design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
· Values of D for CSI-RS for beam management are reused for CSI-RS for L3 mobility

The following WA and agreements were reached in MIMO session:
Agreements (RAN1#NR_AH02 ):
· 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 withinan 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)
Working assumption (RAN1#90):
· CSI-RS resource(s) with 2-port with D>1 for beam management is not supported in Rel-15
Agreements:
· Support of CSI-RS resource(s) with 2-port with D=1 for beam management in Rel-15 is subject to RAN4 feedback
For CSI-RS resource with 1-port , our preference is to support D= 1 and 2.  
Proposal 3:
· NR supports 1 port CSI-RS resources with the value of D=[1, 2] (RE/RB/port ) for CSI-RS for L3 mobility.
· Even subcarrier spacing within a PRB for D=2
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· NR supports 2 port CSI-RS resources with the value of D=1 (RE/RB/port ) for CSI-RS for L3 mobility subject to RAN4 feedback on the Support of CSI-RS resource(s) with 2-port with D=1 for beam management.
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)

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 4: 
· NR supports Tx beam grouping. 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 5: 
· 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 6: 
· 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 needs 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 7:
· 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 8:
· PN sequence is used for the generation of 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 9: 
· 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. 
4. Conclusion
This paper discusses the remaining issues of the RRM measurements for L3 mobility. We propose the following: 
Proposal 1:
· Unless indicated otherwise by higher layers, RSSI is measured only from OFDM symbols containing SSS symbol in an SS block for antenna port 0 of measurement subframes, and the RSSI is measured over the same set of resource blocks as the RSRP (Figure 1(a)). 
· If higher layers indicate all OFDM symbols in an SS block for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the SS block, and the RSSI is measured over the same set of resource blocks as the SS block (Figure 1(b)).

Proposal 2:
· NR synchronization reference signal-signal to noise and interference ratio (SS-SINR) is defined as the linear average over the power contribution (in [W]) of the resource elements carrying secondary synchronization reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary synchronization reference signals within the same frequency bandwidth.

Proposal 3:
· NR supports 1 port CSI-RS resources with the value of D=[1, 2] (RE/RB/port ) for CSI-RS for L3 mobility.
· Even subcarrier spacing within a PRB for D=2
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· NR supports 2 port CSI-RS resources with the value of D=1 (RE/RB/port ) for CSI-RS for L3 mobility subject to RAN4 feedback on the Support of CSI-RS resource(s) with 2-port with D=1 for beam management.
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
Proposal 4: 
· NR supports Tx beam grouping. Beam grouping information is signaled to UE together with the CSI-RS configuration for RRM measurements. 

Proposal 5: 
· 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 6: 
· The candidate values for wider measurement bandwidth associated with each SCS can be decided by RAN4 according to the measurement performance requirements. 

Proposal 7:
· 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 8:
· PN sequence is used for the generation of CSI-RS (RRM). 

Proposal 9: 
· 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. 
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