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1 Introduction

The following agreements on early measurement reporting were made in RAN4#92.
Agreements from [1]:

· 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
Further agreements from [2]:

· 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 contribution, we further discuss the RRM requirements for early measurement reporting.
2 Discussion
2.1 Cell Change Impact on Early Measurement Reporting
The UE can be configured for performing inter-frequency or inter-RAT early measurement reporting (EMR) over a very long period controlled by timer T331 (can be up to 300 seconds). During this time, however, the UE may perform a cell change one or more times (e.g., cell reselection) on the same carrier frequency and/or between different carrier frequencies. At least the following issues for EMR can be observed in relation to the cell change:

· For cell change purpose, the UE receives a new measurement configuration from the new serving cell and generally the UE discards the old measurement configuration, which should not be done for the early measurement configuration.
· The cell change may change the relation between the serving carriers and the carriers measured for EMR, e.g., 
· the measured carrier was inter-frequency before the change but becomes intra-frequency after the change or the other way around, and
· the set of overlapping and non-overlapping carriers may change with a cell change, and
· it may be not possible to combine the measurement samples over the time periods before the cell change and after the cell change,

which overall makes it unclear which requirements shall apply for the early measurements when such changes occur during the measurement period and which measurements are to be reported, which in turn may result in incorrect or inaccurate measurement reporting by the UE and, as a consequence, no benefit or even performance damage if such measurements are further used by the network, e.g., for setting up the multicarrier operation as intended originally.
To address the issues above, the following options can be envisioned:
· Option 1: UE always restarts the early measurement after the cell change (e.g., the old samples before the cell change may be not combined with the new samples after the cell change)

· In this case, the applicable requirements for the measurement based on the new samples shall be based on the cell/carrier relation after the cell change (if the old samples are also combined into a separate measurement which can be reported, then requirements for the measurement based on the old samples shall be based on the cell/carrier relation before the cell change)
· It needs to be further discussed whether the timer T331 needs to be extended to compensate for the time before the cell change and whether the UE needs to store/report any measurement result based on the old samples, e.g., it may be acceptable to just abandon the old samples or any result based on the old samples if the cell change occurred shortly after the timer T331 started, but such approach would mean a waste of resources if the cell change occurred just before the T331 timer expired and the new samples may even be too few for obtaining any reliable measurement based on them
· Option 2: UE always continues the early measurement based on the EMR configuration received before the cell change, and the UE can perhaps even combine the old and new samples, though they may need to be combined differently from if there were no cell change, e.g., with a certain weight
· In this case, the requirements (e.g., measurement or evaluation period, accuracy, etc.) applicable for the whole measurement duration can be different from the requirements without cell change and shall account for whether the cell/carrier relation has changed 
· Option 3: UE is either stops/restarts or continues the early measurement, e.g., based on the T331 timer and the time point of the cell change relative to the timer, measurement type (inter-frequency, inter-RAT, or intra-frequency), and/or the type of the change or no change in the cell/carrier relation caused by the cell change

· For example, the UE could restart the measurement if the carrier relation or measurement type changes, say from overlapping carriers to non-overlapping carriers or from intra-frequency to inter-frequency, while the UE could continue if the carrier relation or measurement type do not change
· Proposal 1: Option 3 is agreed for the measurements configured for EMR when one or more cell changes occur while the T331 timer is running.
· Proposal 2: The stopped early measurement based on old samples (before the cell change) may be then reported to the network, at least when the remaining time to the expiry of the T331 timer is short or not sufficient for the new measurement (after the cell change).

· Proposal 3: The early measurement, which was continued over a time period with one or more cell changes and was performed on a carrier which was a non-overlapping carrier with the serving carrier before and/or after the cell change, shall meet the requirement corresponding to that for the non-overlapping carrier.

2.2 On the Gap between the T331 Expiry and the Time of Reporting
There is no requirement on the UE or any strict relation between when the timer expires and when the measurements are reported. As a result, the early measurements may become “outdated” or not relevant for the setting up the multi-carrier operation which is the original purpose of the EMR. To overcome this issue, some better UEs may even continue the early measurements to reduce the gap between the time of measurement completion and the time of measurement reporting, but to guarantee the quality of such measurements there is a need in corresponding requirements. The UE may also perform and report such measurements for a subset of carriers configured for EMR. At least the UE shall be able to continue the measurements on the overlapping carriers and report them for EMR purpose.
· Proposal 4: RAN4 specifies applicable requirements for the early measurements performed and used for EMR after the expiry of the T331 timer, for UE performing such measurements. 

2.3 Known Cell during Early Measurements
Generally, a cell is known to the UE for 5 seconds after it has been measured last time. If more than 5 seconds elapsed, the UE needs to identify the cell first prior to performing the measurements on that cell in order to guarantee measurement performance. The maximum value of timer T331 is far longer than 5 seconds, which means that there may be plenty of occasions when the cell configured for EMR measurements will become unknown while the T331 timer is running or after the timer expires but before the measurement is reported. Performing measurements on an unknown cell or reporting the measurement for an unknown cell will not benefit in any reliable way the setting up of multi-carrier operation for the UE.

· Proposal 5: The UE shall not report or indicate the availability of measurements for EMR for unknown cells.

· Proposal 6: If a cell measured for EMR purpose gets unknown while the T331 timer is running, the UE has to perform the cell identification prior to measuring that cell.
3 Summary

The following have been proposed in the contribution:

· Proposal 1: Option 3 is agreed for the measurements configured for EMR when one or more cell changes occur while the T331 timer is running:
Option 3: UE is either stops/restarts or continues the early measurement, e.g., based on the T331 timer and the time point of the cell change relative to the timer, measurement type (inter-frequency, inter-RAT, or intra-frequency), and/or the type of the change or no change in the cell/carrier relation caused by the cell change

· For example, the UE could restart the measurement if the carrier relation or measurement type changes, say from overlapping carriers to non-overlapping carriers or from intra-frequency to inter-frequency, while the UE could continue if the carrier relation or measurement type do not change
· Proposal 2: The stopped early measurement based on old samples (before the cell change) may be then reported to the network, at least when the remaining time to the expiry of the T331 timer is short or not sufficient for the new measurement (after the cell change).

· Proposal 3: The early measurement, which was continued over a time period with one or more cell changes and was performed on a carrier which was a non-overlapping carrier with the serving carrier before and/or after the cell change, shall meet the requirement corresponding to that for the non-overlapping carrier.

· Proposal 4: RAN4 specifies applicable requirements for the early measurements performed and used for EMR after the expiry of the T331 timer, for UE performing such measurements. 

· Proposal 5: The UE shall not report or indicate the availability of measurements for EMR for unknown cells.

· Proposal 6: If a cell measured for EMR purpose gets unknown while the T331 timer is running, the UE has to perform the cell identification prior to measuring that cell.
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