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Introduction
In RAN1 meeting #88bis, following conclusions and agreements were made related to CSI-RS for RRM measurement for L3 mobility [1]: 
	Conclusions:
· For Mobility
· Following remaining issues need to be finalized in the next meeting
· 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

Agreements:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
· Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 
· FFS: Detailed signaling or format

Agreements:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded

Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows
· Define SS block RSRP and CSI-RS RSRP as
· SS block RSRP : measured RSRP from SSS
· FFS additional use of PBCH-DMRS for measurement 
· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode
Agreements:
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.
· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block
· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.
· NR cell ID for time reference of CSI-RS(s) is informed to the UE

Agreements related to beam measurement RS, 
Agreements:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option



And the agreement in RAN2 meeting#97bis [2]: 
Agreements
1: NR UE shall not consolidate NR-SS beam measurements and CSI-RS beam measurements together to derive a cell level measurement. 
2: NR UE shall compare cell level measurements of different cells using the same type of RS(s). In another words, NR does not support comparison between NR-SS based measurement of a cell and CSI-RS based measurement of another cell.

In this contribution, we discuss the properties of CSI-RS for RRM measurement for L3 mobility, e.g. timing of CSI-RS, bandwidth, and configurations. 
Properties of CSI-RS for RRM measurement for L3 mobility
Use case of CSI-RS for RRM Measurement
In addition to IDLE mode RS, CSI-RS can be used for RRM measurement, and it can provide individual beam measurement for L3 mobility. For example, in the case of multi-TRP deployment, IDLE mode RS could be a combination of beams transmitted by different TRPs, so it could not be enough for beam-level measurement. Another use case is for IDLE mode RS with long periodicity, where UE may need longer measurement period to consolidate accurate measurements based on IDLE mode RS, in particular for the high mobility scenario. Note that RAN2 agreed that NR UE shall not consolidate NR-SS beam measurements and CSI-RS beam measurements together to derive a cell level measurement. In other words, the measurement based on IDLE mode RS and on CSI-RS should be separately performed and reported.
Observation 1: The measurement based on IDLE mode RS and the measurement based on CSI-RS should be separately performed and reported.

Configuration of CSI-RS for RRM Measurement
RAN 1 agreed the timing reference of CSI-RS can be obtained by SS block and the associated cell ID will be informed to UE. It also agreed the periodic UE-specifically configured CSI-RS for beam management is supported at least for P1 procedure. 
The timing configuration of CSI-RS for RRM measurement can be supported with similar framework as DMTC in LTE, and it includes periodicity, offset of period, occasion duration, cell ID, and offset between SSS and the corresponding CSI-RS resources. For inter-frequency measurement, it is beneficial to configure CSI-RS resources to be close to SS block, so it is able to measure both SS-block and CSI-RS for RRM within a measurement gap. However, it is also attractive to configure CSI-RS for RRM between SS blocks, e.g. for the case of SS blocks with long periodicity.
Observation 2: Timing configuration of CSI-RS for RRM measurement may include periodicity of CSI-RS, timing offset of period, occasion duration, cell ID, and timing offset between SSS and the corresponding CSI-RS resources
Observation 3: For inter-frequency measurement, it is beneficial to configure CSI-RS resources to be close to SS block. For IDLE mode RS with long periodicity, CSI-RS can be configured between SS blocks.

An example of CSI-RS for RRM measurement is shown in Figure 1.


Figure 1 An example of CSI-RS for RRM measurement

The BW of CSI-RS is configured by network. The wider BW can be used for accurate measurements, and the narrower BW can be used for UE power saving.  
CSI-RS resources are configured to UE to indicate which CSI-RS resources should be measured, and it can be associated to beams from different TRPs and cells. In addition, one beam can also be associated to one or multiple CSI-RS resource(s). To minimize configuration overhead and UE measurements, the CSI-RS resources can be associated to SS blocks, e.g. UE performs measurement on the CSI-RS resources when its associated SS-Block-RSRP is above a threshold. With the configured CSI-RS resources, cell ID, BW of CSI-RS, UE is able to perform RRM measurement and to trigger measurement report by considering N best beams of one cell.
By considering the SS block might not be allocated at the centre of carrier, the frequency relation between CSI-RS and SS block might need to be configured. Besides, it is possible to use either IFDMA or larger subcarrier spacing for speeding up UE side beam training. Furthermore, the QCL between different of CSI-RS ports and between IDLE RS ports and CSI-RS ports can be supported.

Proposal 1: NR supports measurement configuration of CSI-RS for RRM measurement, including 
· cell ID,  periodicity of CSI-RS, timing offset of period, occasion duration, 
· BW of CSI-RS
· CSI-RS resources, with associated information, including
· associated SS block, timing offset to the associated SSS
· antenna port index 


The measurement reporting configuration of CSI-RS for L3 mobility should be separately configured from CSI-RS for L1 beam management or for CSI acquisition. This is because RRM measurement reporting could be with different triggering condition, different measurement reporting event, e.g. reporting for RRM is based on the cell-level quantity while reporting for beam management is based on the beam-level quantity. Therefore, at least the measurement reporting configuration is separately configured from CSI-RS for L1 beam management.
In addition, the bandwidths and beam properties could be different between CSI-RS for RRM and CSI-RS for beam management. Furthermore, inter-gNB signaling is involved in CSI-RS for L3 mobility, because CSI-RS resources for neighbouring cells should be configured to UE. 
Proposal 2: Some parts of measurement configuration of CSI-RS for L3 mobility are separately configured from CSI-RS for L1 beam management, e.g. the measurement reporting configuration.
Conclusion
In this contribution, we have discussed the properties of CSI-RS for RRM measurement for L3 mobility. We have the following observations and proposals: 
Observation 1: The measurement based on IDLE mode RS and the measurement based on CSI-RS should be separately performed and reported.
Observation 2: Timing configuration of CSI-RS for RRM measurement may include periodicity of CSI-RS, timing offset of period, occasion duration, cell ID, and timing offset between SSS and the corresponding CSI-RS resources
Observation 3: For inter-frequency measurement, it is beneficial to configure CSI-RS resources to be close to SS block. For IDLE mode RS with long periodicity, CSI-RS can be configured between SS blocks.
Proposal 1: NR supports measurement configuration of CSI-RS for RRM measurement, including 
· cell ID,  periodicity of CSI-RS, timing offset of period, occasion duration, 
· BW of CSI-RS
· CSI-RS resources, with associated information, including
· associated SS block, timing offset to the associated SSS
· antenna port index 
Proposal 2: Some parts of measurement configuration of CSI-RS for L3 mobility are separately configured from CSI-RS for L1 beam management, e.g. the measurement reporting configuration.
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