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1. Introduction

In RAN4#92, RRM requirements for early measurement are discussed. The following agreements are captured in the approved WF [1].
	· Background:
· Agreements (RAN4#92): 
· RAN4 defines measurement requirements for UE early measurement in IDLE and INACTIVE
· RAN4 defines UE requirements for NR Inter-RAT for early measurements
· RAN4 defines UE requirements for LTE Inter-RAT for early measurements
· The supported measurement quantities for early measurements are RSRP and RSRQ

· RAN4 defines measurement accuracy for early measurement reporting
· RAN4 defines measurement period for measurements for early reporting
· RAN4 captures requirements for early reporting based on SIB configuration
· In NR, supporting IDLE/INACTIVE mode CA measurement should not extend the measurement capability defined in Rel-15

· Way Forward: 
· Discuss the definition and restriction on carriers for early measurement reporting.

· Discuss if the LTE way of using search thresholds for limiting the UE measurements for idle mode measurements for reporting.

· Analyze the necessary changes and proposed requirements


In this paper we will provide further analysis on the RRM requirements for early measurement.
2. Discussion
2.1. Measurement capability
In RAN4#92, it is agreed that 

	· In NR, supporting IDLE/INACTIVE mode CA measurement should not extend the measurement capability defined in Rel-15


It means the total number of carriers UE is required to monitor in idle mode is same as in Rel-15, including overlapping carriers and non-overlapping carriers. The question is whether there should a limit on the number of carriers for early measurement and number of non-overlapping carriers as in LTE euCA.
In LTE euCA, the measurement capability is defined as follows.

	A UE which supports ca-IdleModeMeasurements shall support the idle mode CA measurements of at least 3 inter-frequency carriers of which zero or one inter-frequency carrier may be a non-overlapping carrier when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ. 

If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE shall support the idle mode CA measurements of at least 1 inter-frequency carrier of which zero or one inter-frequency carrier may be a non-overlapping carrier.


It can be observed that in LTE euCA,

· UE is required to monitor 3 or 1 carriers for early measurement, depending on the serving cell condition

· UE is required to monitor 1 non-overlapping carrier if configured by network

For the number of overlapping carriers UE is required to monitor, in our view given the agreement in RAN4#92, UE shall be able to measure any number of overlapping carriers, provided that the total number of carriers UE is configured to measure for reselection (including carriers only for reselection and the overlapping carriers) does not exceed the UE capability defined in Rel-15.
·  For example, UE is required to measure at least 7 NR carriers when camped on NR cell, and all reselection carriers may be configured by network for early measurement. We see no reason why UE cannot report the measurement results for those carriers to enable fast CA/DC setup.
For the number of non-overlapping carriers UE is required to monitor, we understand UE shall be able to measure any number of non-overlapping carriers, provided that the total number of carriers UE is configured to measure for reselection (including carriers only for reselection and the overlapping carriers) and the non-overlapping carriers does not exceed the UE capability defined in Rel-15. 

· For example, if UE is configured to measure 4 NR carriers for reselection, UE shall be able to measure 3 NR carriers as non-overlapping carriers. Here the reselection carrier should take priority, e.g. if UE is configured to measure 7 carriers for reselection, it should then not be required to measure any non-overlapping carrier. For specification, it means UE should anyway meet the measurement capability requirement for reselection. 
Based on above analysis, we do not see a strong need to define a separate capability in terms of number of carriers for early measurement or number of non-overlapping carriers, or to define different capability requirements depending on the serving cell condition. 
Proposal 1: UE shall be able to measure any number of overlapping carriers, provided that the total number of carriers UE is configured to measure for reselection does not exceed the UE capability defined in Rel-15.
Proposal 2: UE shall be able to measure any number of non-overlapping carriers, provided that the total number of carriers UE is configured to measure for reselection and the non-overlapping carriers does not exceed the UE capability defined in Rel-15. 
Proposal 3: UE shall still meet the measurement capability requirement for reselection when early measurement is configured.

2.2. Measurement period
In LTE euCA, the measurement period for early measurement is defined in the way that

· For overlapping carrier and when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the measurement requirements for cell reselection apply, i.e. UE performs periodic cell detection and measurement and meets the delay requirements of Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter. 
· For overlapping carrier and when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and for non-overlapping carrier, UE is required to perform at least a single measurement on detected cells at least prior to the measurement report.
The requirements are defined to minimize the measurement UE needs to take specifically for early measurement, i.e. measurement not required for reselection purpose, in order to not increase the UE power consumption in idle mode. The principle should be followed in NR early measurement requirements. 
On the other hand, compared to periodic cell detection and measurement, single measurement on detected cells is more likely to result at invalid measurement results. For example, the time between when UE performs the measurement and the time when UE enters connected mode and reports the measurement results could be long, which will make the results outdated. If UE moves and reselection occurs, the cells detected by the UE in the old cell may not be a valid candidate for CA/DC for the new cell. 

The measurement period requirements therefore represents the trade-off between the UE power consumption in idle/inactive mode and the usefulness of the early measurement report for fast CA/DC setup. 
In NR one additional aspect compared to LTE is the SSB/beam level measurement. In LTE euCA, UE is not required to do cell detection on non-overlapping carriers or when serving cell is in good condition, instead UE is only required to measure RSRP/RSRQ on detected cells. If we follow the same principle in NR, it means UE is only required to measure detected SSB on the detected cells. UE may not be able to identify and report a better SSB/beam of the target cells, and in worst case, UE may consider the cell as not detectable based on detected SSBs while some of the other SSBs from the cell are still in good condition. We think RAN4 should discuss if UE is only required to measure detected SSBs or to identify new SSBs on the detected cells.
Proposal 4: For non-overlapping carrier or when serving cell is in good condition, RAN4 should discuss if UE is only required to measure detected SSBs or to identify new SSBs on the detected cells.
Another aspect is the early measurement for EN-DC setup. In an NSA network, when UE is in idle mode and camped on LTE cell, it will not be configured to measure any NR carrier for reselection, which means the candidate PSCC will always be a non-overlapping carrier. We understand if UE only performs single measurement on detected cells as specified for non-overlapping carrier in euCA, it will limit the potential for the network and more importantly the UE, to benefit from fast EN-DC setup. Therefore, we think UE should perform periodic measurement on the inter-RAT NR carriers for early measurement.
Proposal 5: UE camped in LTE cell should perform periodic measurement on inter-RAT NR carriers configured for early measurement.
3. Conclusions

In this paper we provided our views on the RRM requirements for early measurement.
Proposal 1: UE shall be able to measure any number of overlapping carriers, provided that the total number of carriers UE is configured to measure for reselection does not exceed the UE capability defined in Rel-15.

Proposal 2: UE shall be able to measure any number of non-overlapping carriers, provided that the total number of carriers UE is configured to measure for reselection and the non-overlapping carriers does not exceed the UE capability defined in Rel-15. 
Proposal 3: UE shall still meet the measurement capability requirement for reselection when early measurement is configured.

Proposal 4: For non-overlapping carrier or when serving cell is in good condition, RAN4 should discuss if UE is only required to measure detected SSBs or to identify new SSBs on the detected cells.

Proposal 5: UE camped in LTE cell should perform periodic measurement on inter-RAT NR carriers configured for early measurement.
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