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1. Introduction

Followings are part of agreements on RRM measurements made during the previous RAN1 meetings [1][2]:

	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




Based on the agreements, we discuss DL measurement based RRM measurement in NR focusing on CSI-RS based measurements in more detail in this document.
2. Discussion
2.1. Use of CSI-RS in addition to SSS
In connected mode, CSI-RS is used for the DL measurement in addition to SSS. There can be multiple of SS blocks producing multiple SS block RSRPs and multiple of CSI-RS can be configured per SS block. Since a UE keeps track of CSI-RS based RSRP in addition to SS block RSRP during connected mode, the relationship between the SS block RSRP and the CSI-RS based RSRP can be helpful to UEs 

CSI-RS can be associated a SS block. In other words, UE detects SS block first and obtains time/frequency synchronization and definitely time/frequency synchronization of CSI-RS comes from SS blocks per cell. In addition, part of spatial information can be from the SS block if we assume SS block is rather wider than CSI-RS and there can be multiple CSI-RSs within SS block beam width. A set of CSI-RSs can be defined within a specific SS block beam width and this information should be provided to UEs. 

On the other hand, if transmission period of SS block is much longer than that of CSI-RS, this kind of relationship between CSI-RS and SS block may not be helpful to UE to get spatial information. Hence, in this case, there can be the case that CSI-RS is not associated with a specific SS block. 
Depending on whether or not a CSI-RS is associated with SS block, the measurement report contents may differ. When CSI-RS RSRP based measurement event is triggered, it would be better to report SS block RSRP in addition to CSI-RS RSRP if the CSI-RS is associated with the SS block. If the CSI-RS is not associated with a SS block, there is no need to report SS block when UE has to report CSI-RS RSRP. 

Proposal 1: Study further on the relationship between a SS block and CSI-RS. A part of spatial information can be exploited from a SS block if the beam width of SS block is super set but limited set of the beam width of CSI-RS. 

2.2. Properties of CSI-RS for L3 mobility 

CSI-RS is used for several purposes in NR; in order to determine DL MCS/resource allocation, to manage DL beams and L3 mobility. Properties of CSI-RS for channel quality measurement will be different from that for beam management/mobility. Configurations of CSI-RS for L3 mobility is decided to reuse configurations of CSI-RS for beam management though details of configurations of CSI-RS for beam management is not yet clear. 

Basic property of CSI-RS for L3 mobility we have to decide would be the periodicity of CSI-RS, i.e. whether the CSI-RS is periodic or aperiodic. Triggering CSI-RS in aperiodic manner would lead DL control overhead and it is not that easy to trigger neighbour cell CSI-RS transmission for L3 mobility dynamically. Considering the UE behaviour of L3 mobility, CSI-RS for L3 mobility should be transmitted periodically. 
Proposal 2: Considering the UE behaviour of L3 mobility, CSI-RS for L3 mobility should be transmitted periodically. 

Since details of CSI-RS for beam management are not clear yet, it would be too premature to decide the CSI-RS configurations, densities in time and frequency and etc. However, in order to provide sufficient measurement accuracy, CSI-RS transmission periodicity and the number of REs in frequency domain should be decided jointly. If the CSI-RS is transmitted sparse in time domain, it has to occupy more REs in frequency domain. If CSI-RS does not have sufficient density in frequency domain, it should be transmitted more frequently in time domain. The CSI-RS periodicity (or transmission timing) and the density in frequency domain should be decided based on the evaluation of the measurement accuracy. 

Proposal 3: In order to provide sufficient measurement accuracy, CSI-RS transmission periodicity and the number of REs in frequency domain should be decided jointly.
When a network configures UEs CSI-RS based measurements, the network should provide CSI-RS configurations per cell and the neighbour cell list. The number of neighbour cell list or CSI-RSs can be limited in order to reduce signalling overhead. In order to prevent periodic broadcasting of the CSI-RS configurations, the CSI-RS configuration information should be given via UE dedicated RRC signalling. When a UE detects SS block of a cell, which is not in the neighbour cell list or whose CSI-RS configuration is not given to the UE, UE may request CSI-RS configuration for that cell. 
3. Conclusion
In this contribution, we discussed CSI-RS based RRM measurement and proposed as follows:
Proposal 1: Study further on the relationship between a SS block and CSI-RS. A part of spatial information can be exploited from a SS block if the beam width of SS block is super set but limited set of the beam width of CSI-RS. 

Proposal 2: Considering the UE behaviour of L3 mobility, CSI-RS for L3 mobility should be transmitted periodically. 

Proposal 3: In order to provide sufficient measurement accuracy, CSI-RS transmission periodicity and the number of REs in frequency domain should be decided jointly.
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