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1 Introduction
In RAN2#97meeting, RAN2 implications on RAN1’s decision on the additional RS for RRM measurement was discussed and following agreements were made:
Agreements
1	An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 
2	An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).
3	Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 
Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1.
In RAN1#88 meeting, it was agreed that CSI-RS will be used as the additional RS for CONNECTED RRM measurement and the agreements from RAN1 are copied below:
	Agreement:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
Agreement:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS


If CSI-RS is configured for RRM measurement in CONNECTED, how network makes the configuration and how UE performs RRM measurement on both NR-SS and CSI-RS need to be considered further. In this contribution, we discuss the general RRM measurement behaviour if CSI-RS are configured in addition to NR-SS in CONNECTED. 
2 Discussion
2.1 Measurement Object
The existing measurement model consists of measurement object and a reporting configuration which may be linked by a measurement identity. The object defines on which the UE shall perform the measurements. It can be a carrier frequency e.g. in E-UTRA, or a set of carrier frequencies or a set of cells on a single carrier frequency. 
In LTE, each measurement object (measObj) indicates a frequency and optionally a set of cells indicated by their PCI to measure. The same principle can be applied in NR. When a measurement object is configured for a frequency, the UE can perform cell detection based on NR-PSS/SSS. 
Proposal 1: In NR, a measurement object is corresponding to one carrier frequency. 
2.2 CSI-RS configuration for RRM measurement
Considering CSI-RS based measurement is done on a per CSI-RS resource basis, one question is how to provide CSI-RS resource specific configuration. In LTE for DL COMP, CSI-RS resource specific configurations is provided under “measurement objects” parameters. In LTE with DRS-based RRM, DRS measurement configuration is configured as part of the existing IE MeasObjectEUTRA. There are potentially two options. 
· Option 1: Measurement reporting configurations for a frequency will be linked to the same measurement object. 
· Option 2: Introduce a separate measurement object to describe CSI-RS resource. 
The concern of option 1 is UE must always look into the events first (inside ReportingConfiguration) to decide which part of the MeasObject is applicable. Also, the network cannot then only reconfigure part of the CSI-RS specific configuration; it must also send the non-CSI-RS information always.
In option 2, the description of the object including all parameters related to CSI-RS resource will be decoupled from measurement object for NR-SS. UE doesn’t have to pick part of the parameter based on the report configuration, which makes specification cleaner and clearer. However, considering both NR-SS and CSI-RS are used to support inter-cell mobility, there is no real issue to keep LTE’s principle. 
Proposal 2: CSI-RS resource specific configurations for RRM measurement are configured as part of the Measurement Object. 
2.3 Measurement Type Configuration
According to the current RAN1 agreements, NR-SS will always be used for connected RRM.  Additionally, based on the eNB configuration, CSI-RS might be used. One problem is whether UE needs to always perform NR-SS based measurement and CSI-RS based measurement simultaneously if CSI-RS is configured. 
Below are possible alternatives: 
· Alt 1: The NR-SS based measurement is always performed. While the CSI-RS based measurement is optional.
· Alt 2: gNB could choose to configure the UE to perform either NR-SS based measurement or CSI-RS based measurement, or both.
For Alt 2, the possible use case is that in some scenarios, e.g. sparse transmission of NR-SS, CSI-RS based measurement might have a better performance than NR-SS based measurement. From the perspective of UE measurement complexity and measurement report signalling overhead, it might be beneficial for the UE to only perform the CSI-RS based measurement in such scenarios. For Alt 2, gNB could decide which type of RRM measurement to configure based on the neighbouring cell information, which provides more freedom to the network. 
However, according to RAN1’s agreement that the default SS burst set periodicity is TBD among 10, 20 ms, it’s beneficial to reuse the NR-SS for connected RRM especially for network energy efficiency and UE implementation simplicity. Furthermore, considering UE always relies on NR-SS to perform neighbouring cell detection, it’s concerned that the neighbouring cells configured by network through CSI-RS can’t provide full neighbouring cell lists as detected by UE. So RRM based on NR-SS should be always performed. The gNB can choose whether to configure the UE with CSI-RS based measurements. 
Proposal 3: The NR-SS based measurement is always performed. CSI-RS-based RRM is configured optionally. 
For each measurement object configured, if the CSI-RS resource for RRM measurement is configured, UE will perform RRM measurement on both NR-SS and CSI-RS; otherwise, UE only performs RRM on NR-SS. 
Proposal 4: When CSI-RS resources are configured for a measurement object, UE performs both NR-SS based and CSI-RS based RRM simultaneously. 
2.4 RRM measurement based on NR-SS and CSI-RS
If NR-SS based measurement and CSI-RS based measurement are performed simultaneously, whether RRM is performed independently or jointly? 
In our understanding, NR-SS based and CSI-RS based RRM should be performed independently. This is because CSI-RS measurement and NR-SS measurement might have different Layer 1 sample rate, different transmission periodicity, different beamforming property as well as different bandwidth. Furthermore, NR-SS based measurement and CSI-RS based measurement are not comparable, given that they are different measurement quantities, which needs to be confirmed by RAN1 and RAN4. It’s hard to combine NR-SS based and CSI-RS based RRM measurement together from UE implementation point of view. So NR-SS based and CSI-RS based RRM should be performed independently.
Proposal 5: NR-SS based and CSI-RS based RRM measurement should be performed independently.
In order to have independent RRM based on NR-SS and CSI-RS, the gNB needs independently configure measurement events and reporting quantity for NR-SS and CSI-RS measurements. This means, to perform both CSI-RS based and NR-SS based RRM measurement, gNB needs to configure two ReportConfigs: one for NR-SS and the other one for CSI-RS. Both of the two ReportConfigs will be associated with one MeasObject with CSI-RS resources configured. The event evaluation and measurement reporting for them will be performed totally independently.
Proposal 6: The report configuration for NR-SS based and CSI-RS based RRM measurement i.e. measurement events and reporting quantity are configured independently. 
Furthermore, it’s not necessary for the UE to report the NR-SS measurement results together with the CSI-RS measurement results when the Event for CSI-RS measurement is triggered. Independent CSI-RS and NR-SS measurement report can already provide sufficient information to the network. Network can use the NR-SS measurement to select the appropriate frequency/ sets of cell, since cell detection is performed by UE with NR-SS.  It can then use the CSI-RS measurement to select the appropriate target cell for inter-cell mobility. Concurrent CSI-RS and NR-SS measurement report can’t provide more information. Report of NR-SS measurement together with CSI-RS measurement results will introduce additional signalling overhead.
Proposal 7: NR-SS based and CSI-RS based RRM measurement results are reported independently.
3 Conclusion
In this contribution, the RRM measurement behaviour in CONNECTED mode with both NR-SS and CSI-RS are discussed and we propose that:
Proposal 1: In NR, a measurement object is corresponding to one carrier frequency. 
Proposal 2: CSI-RS resource specific configurations for RRM measurement are configured as part of the Measurement Object. 
Proposal 3: The NR-SS based measurement is always performed. CSI-RS-based RRM is configured optionally. 
Proposal 4: When CSI-RS resources are configured for a measurement object, UE performs both NR-SS based and CSI-RS based RRM simultaneously. 
Proposal 5: NR-SS based and CSI-RS based RRM measurement should be performed independently.
Proposal 6: The report configuration for NR-SS based and CSI-RS based RRM measurement i.e. measurement events and reporting quantity are configured independently.
Proposal 7: NR-SS based and CSI-RS based RRM measurement results are reported independently.
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