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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the LTE Rel-15 euCA WI, the feature of IDLE mode measurement, which is aimed to fast SCell set-up, has already been specified. In the RAN#81meeting, the WID on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements has been approved [1]. One objective is to support early measurement reporting, which is similar to IDLE mode measurement:
	2. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode
· The impacts on UE power consumption should be minimized
· The LTE Rel-15 euCA work should be utilized, when applicable


In this contribution, we will summarize the IDLE mode measurement mechanism specified in LTE Rel-15 euCA and highlight the mechanisms which can be reused in early measurement reporting. In addition, we will discuss the new mechanisms to support early measurement reporting in MR-DCto be specified.
2. Discussion
[bookmark: _Ref536869248][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK24]2.1 IDLE mode measurement in euCA
[bookmark: _GoBack]To fast SCell set-up, one LTE UE can be configured to perform inter-frequency measurement after leaving the RRC_Connected state, assuming new data burst will arrive in the short period. The network can configure the UE with list of frequencies to measure through either dedicated signalling (i.e. at RRCConnectionRelease) or system information. To minimize the impacts on UE power consumption, a mandatory validity timer and an optional valid area could be configured via dedicated signalling. A UE is not required to perform the IDLE mode measurement after the timer expires or moving out of the valid area.
A UE indicates the availability of IDLE mode measurement results in RRCConnectionSetupComplete or RRCConnectionResumeComplete during the RRC connection setup/resume procedure towards an eNB if the eNB informs in system information that it wishes to receive idle measurement report. The result of IDLE mode measurement is reported as part of UE information procedure (i.e. UEInformationRequest and UEInformationResponse messaging) after the RRC connection is established. With the measurement report, the eNB can setup SCells. 

2.2 MR-DC early measurement reporting applied to which RRC states
We believe MR-DC early measurement reporting should of course be applied UE in RRC_IDLE state. 
In NR, the RRC_Inactive state is introduced. RAN node needs to store the context of one RRC_Inactive UE to enable fast the RRC Connection resume. Hence, it is reasonable to assume the UE in RRC_Inactive state would enter RRC_Connected state more frequently than UE in RRC_IDLE state. As a result, the early measurement reporting can bring benefit to UE in RRC_ Inactive state, i.e. reduce the latency of traffic offloading to Scell. 
For UE in RRC_Connected state, when and how to perform measurement for SCell/SN addition has been specified. We see no requirement to enhance the current mechanism. 
Hence, we propose:
[bookmark: _Ref964321]Proposal 1: Early measurement reporting is configured to UEs in RRC_IDLE and RRC_Inactive states.

2.3 Configurations of early measurement in MR-DC
We believe both system information and dedicated signalling are needed to configure UE with list of frequencies to perform early measure in NR. The system information is used to provide cell specific control and dedicated signalling is used to provide UE specific control. For example, the network could provide all the frequencies can be aggregated in the network through the system information, meanwhile it may configure a subset of frequencies among the frequency list broadcasted to low capability UEs through dedicated signalling, to avoid unnecessary measurement in UE.  
According to the WID, the early measurement reporting is aimed to set up MR-DC and/or CA. Hence, the frequencies to be measured may include both LTE frequencies and NR frequencies.
NR introduces the concept of Synchronization Signal Block (SSB) based RRM measurement timing configuration (SMTC) for SSB-based measurements. The SMTC is a timing configuration where the UE is configured to perform SSB-based RRM measurements. For inter-frequency measurement, at most one SMTC can be configured. When SMTC is configured, UE is not required to perform measurement out of the SMTC. Hence, the SMTC is beneficial to UE power consumption and could be configured for each NR frequency.
[bookmark: _Ref964325]Proposal 2: The network could configure UE with a list of frequencies to measure through either dedicated signalling or system information for early measurement in MR-DC. The list may include both LTE frequencies and NR frequencies. In the configuration, one SMTC could be included for each NR frequency in the list.

[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Running extensive inter-frequency measurements for a UE in RRC_IDLE/RRC_Inactive may be too costly from the view of UE power consumption, so there should be a balance between UE power consumption and offloading latency. In principle, we believe the following assumption in euCA is also applicable here: Normally, new data burst will arrive in the short period after leaving the RRC_Connected state, hence inter-frequency measurements in a short period after leaving the RRC_Connected state. Hence the balance between UE power consumption and offloading latency could be achieved by reusing the validity timer of euCA. In addition, the aggregable frequencies in different area may be different. It implies the list of frequencies to measure configured through dedicated signalling is only valid in a given area.  Unnecessary measurement can be avoided if a valid area is configured. As in euCA, UE is not required to perform the measurement after moving out of the valid area.
[bookmark: _Ref964329]Proposal 3: As in euCA, a mandatory validity timer and an optional valid area could be configured via dedicated signalling for early measurement in MR-DC. UE is not required to perform the measurement after the timer expires or moving out of the valid area.

2.4 Reporting of early measurement 
In the existing LTE/NR mechanism, measurement result is reported only after AS security activation, since there are some potential security risks if the measurement result is reported without security, e.g. the location of the UE can be revealed via the measurement result sent in plaintext. Hence, we propose to report after the AS security is activated, e.g. as part of UE information like procedure. 
[bookmark: _Ref965835]Proposal 4: The result of early measurement in MR-DC is reported after AS security activation.
To enable the network to request UE to report the measurement result, UE needs to indicate the availability of inter-frequency measurements in Idle/Inactive state to the network in advance. Follow the same principle of euCA, we believe the RRCSetupComplete or RRCResumeComplete can be used for this purpose. 
[bookmark: _Ref964332]Proposal 5: Before performing early measurement report in MR-DC, UE indicates the availability of inter-frequency measurements in RRCSetupComplete or RRCResumeComplete.
3. Conclusion
In this contribution, we discuss the mechanisms to be specified for early measurement reporting in MR-DC. The proposals are following:
Proposal 1: Early measurement reporting is configured to UEs in RRC_IDLE and RRC_Inactive states.
Proposal 2: The network could configure UE with a list of frequencies to measure through either dedicated signalling or system information for early measurement in MR-DC. The list may include both LTE frequencies and NR frequencies. In the configuration, one SMTC could be included for each NR frequency in the list.
Proposal 3: As in euCA, a mandatory validity timer and an optional valid area could be configured via dedicated signalling for early measurement in MR-DC. UE is not required to perform the measurement after the timer expires or moving out of the valid area.
Proposal 4: The result of early measurement in MR-DC is reported after AS security activation.
Proposal 5: Before performing early measurement report in MR-DC, UE indicates the availability of inter-frequency measurements in RRCSetupComplete or RRCResumeComplete.
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