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1. Introduction
During the last RAN2 meeting, some agreements [1] were reached regarding early measurement reporting. In this contribution, further consideration other than the topics covered by two related email discussion are provided based on the agreements.
Agreements:
For IDLE/INACTIVE
1 Rel-16 early measurement configuration may contain both NR and LTE configuration, only NR configuration or only LTE configuration, to support various MR-DC and CA scenario. FFS on details.  IDLE mode and INACTIVE mode details will be discussed separately
2 NR early measurement configuration should include NR specific measurement parameters configurations.
3 Available beam and cell level measurement results can be included in early measurement reporting if configured.
2. Discussion
Issue 1: NW deployment and UE capability impact on whether early measurement is performed
In LTE euCA, the UE is only required to perform measurement if it can support CA operation between current serving cell and the frequency. We understand this is beneficial for UE power saving, i.e. to avoid unnecessary measurement when taking UE capability into account.
Following are idle measurement procedure description in [2, 5.6.20].
	While T331 is running, the UE shall:
1>	perform the measurements in accordance with the following:
2>	for each entry in measIdleCarrierListEUTRA within VarMeasIdleConfig:
3>	if UE supports carrier aggregation between serving carrier and the carrier frequency and bandwidth indicated by carrierFreq and allowedMeasBandwidth within the corresponding entry;
4>	perform measurements in the carrier frequency and bandwidth indicated by carrierFreq and allowedMeasBandwidth within the corresponding entry;
4>	if the measCellList is included:
5>	consider PCell and cells identified by each entry within the measCellList to be applicable for idle mode measurement reporting;
4>	else:
5>	consider PCell and up to maxCellMeasIdle strongest identified cells whose RSRP/RSRQ measurement results are above the value(s) provided in qualityThreshold (if any) to be applicable for idle mode measurement reporting;
4>	store measurement results for cells applicable for idle mode measurement reporting within the VarMeasIdleReport;
3>	else:
4>	do not consider the carrier frequency to be applicable for idle mode measurement reporting;


Observation 1.  In LTE euCA, the UE is only required to perform early measurement on a carrier frequency with which it can support CA operation with its serving carrier.
In order to reduce power consumption, a similar approach can be considered in NR as well. In addition, based on fact the WID objective on early measurement applies to MR-DC, NR-NR DC and CA, all the MR-DC, NR-NR DC and CA shall be taken into account.
Proposal 1 The UE is required to perform early measurement on carrier frequency (including both NR carrier and LTE carrier) only if it can support MR-DC, NR-NR DC or CA operation between the current serving cell and the carrier frequency. 
In case the UE is camping on a NR serving cell and E-UTRA carrier frequency are configured for early measurement, it is clear that the UE should determine whether to perform measurement on the LTE carrier frequency based on the band combination supported for NE-DC. 
However, for the case that the UE is camping on a NR serving cell and NR carrier frequency are configured for early measurement, the following cases may exist:
· Case 1: Only CA is supported by the network between current camped serving cell and NR carrier frequency for early measurement
· Case 2: Only DC is supported by the network between current camped serving cell and NR carrier frequency for early measurement
· Case 3: Both CA and DC is supported by the network between current camped serving cell and NR carrier frequency for early measurement
Due to the lack of information/capability on the network side, it is difficult for the UE to determine which capability (e.g. band combination for CA or DC) shall be used to determine whether the early measurement shall be performed on the NR carrier frequency or not.
If the UE supported band combination for NR CA and NR DC are the same, there is no need to differentiate UE behavior, and network can decide whether CA or DC can be configured according to both UE capability and network deployment.
However, we cannot assume the UE supported band combination for NR CA and NR DC are the same. If the UE follows a rule like “if the UE can support either NR CA or NR DC configuration between serving cell and a NR carrier frequency, it performs early measurement on the NR carrier frequency”, there is the possibility that the early measurement results are useless, e.g. when the UE can only support CA while the network can only support DC configuration between UE’s serving cell and the NR carrier frequency.
Thus, it is meaningful to indicate the applicability of a NR carrier frequency to the UE, i.e. indicating whether a carrier frequency can support NR CA or NR DC with current serving cell. The UE decides whether to perform measurement on this carrier frequency according to both this applicability information and its own capability. With this approach, unnecessary early measurement can be avoided to save UE power.
Proposal 2 For the NR carrier frequency configured for early measurement, the UE shall be able to identify with which function (i.e. CA, DC or both) the NR carrier frequency can work together with the current camped serving cell. And the UE will determine whether to perform early measurement on the NR carrier based on the UE capability accordingly.
Similarly, in some deployments, cells of the same carrier frequency may be located in different gNB/eNB. Thus from network point of view, some of these cells can support NR CA operation with current serving cell, and others can DC operation configuration.
In LTE euCA, measCellList indicates the cell ID to be applicable for idle mode measurement report. Based on above analysis, it is meaningful to differentiate this measCellList applicability as well, if this meascellList approach will be supported in NR.
Proposal 3 In case an explicit cell list is configured as target for early measurement, the UE shall be able to identify with which function (i.e. CA, DC or both) the cell listed can work together with the current camped serving cell. 
With this WI and LTE euCA, LTE/EPC, LTE/5GC, and NR will support early measurement reporting. Then one issue is whether the UE should continue early measurement after inter-RAT cell re-selection. In our understanding, hybrid deployment of both NR and E-UTRA will exist for a period of time. Both inter-system and intra-system inter-RAT re-selection are supported. Thus there is no reason to stop configured early measurement configuration when inter-RAT re-selection if performed.
If UE is configured with early measurement via system information, it is natural for the UE to apply updated configuration from newly re-selected cell, no matter the RAT type of its serving cell.
If the UE is configured with early measurement via dedicated RRC message, it is up to the network node which releases this UE to configure a proper configuration, e.g. carrier frequency of which RAT type are configured. And after inter-RAT re-selection, validity area configured per carrier frequency should still be valid. Thus there is no special handling in this case too.
Another issue is whether the UE re-starts measurement duration timer, or continue this timer. We prefer to maintain this time, i.e. not restart it to avoid the timers are re-started many times due to continuous inter-RAT re-selection. This is unnecessary and not UE power efficient.
Proposal 4 For both RRC IDLE and RRC INACTIVE UE, upon inter-RAT re-selection, the UE continues early measurement configuration without re-start measurement duration timer.
In R15, a RRC INACTIVE UE may transit RRC state to RRD IDLE due to inter-RAT re-selection or due to RNA update timer expires (which means RNA update fails). The question is whether early measurement should continue or stop in this case. In our understanding, it is beneficial to continue early measurement before the measurement duration timer expires.
Proposal 5 The UE continues early measurement before measurement duration time expires, after it is transited from RRC INACTIVE to RRC IDLE state due to inter-RAT re-selection or because the RNA update timer expires.
In LTE euCA, the network can indicate whether idle measurement is required for the UE camped on the cell. If this indicator (idleModeMeasurements) is configured in SIB2 and the UE has valid idle measurement results, the UE includes idleMeasAvailable in the RRC setup complete message. 
It is to be noted that although with dedicated early measurement configuration via RRC release message, the UE is configured to perform early measurement in RRC IDLE state, the network can still control whether the UE is required to perform early measurement and whether indication of measurement results availability is required to be indicated.
In this WI, a similar approach can be followed. Two separate bits can be configured to indicate whether early measurement is required to UE in RRC ILDE and UE in RRC INACTIVE respectively. This is beneficial for the network to control the UE behavior in different RRC state according to the network preference.
Proposal 6 Indicate whether the UE performs early measurement in RRC IDLE or RRC INACTIVE state separately in SIB.
3. Conclusion
Observation 1. In LTE euCA, the UE is only required to perform early measurement on a carrier frequency with which it can support CA operation with its serving carrier..
Proposal 1 The UE is required to perform early measurement on carrier frequency (including both NR carrier and LTE carrier) only if it can support MR-DC, NR-NR DC or CA operation between the current serving cell and the carrier frequency. 
Proposal 2 For the NR carrier frequency configured for early measurement, the UE shall be able to identify with which function (i.e. CA, DC or both) the NR carrier frequency can work together with the current camped serving cell. And the UE will determine whether to perform early measurement on the NR carrier based on the UE capability accordingly.
Proposal 3 In case an explicit cell list is configured as target for early measurement, the UE shall be able to identify with which function (i.e. CA, DC or both) the cell listed can work together with the current camped serving cell. 
Proposal 4 For both RRC IDLE and RRC INACTIVE UE, upon inter-RAT re-selection, the UE continues early measurement configuration without re-start measurement duration timer.
Proposal 5 The UE continues early measurement before measurement duration time expires, after it is transited from RRC INACTIVE to RRC IDLE state due to inter-RAT re-selection or because the RNA update timer expires.
Proposal 6 Indicate whether the UE performs early measurement in RRC IDLE or RRC INACTIVE state separately in SIB.
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