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1 Introduction
In email discussion#36 [6], whether to introduce validity of early measurements results was controversial. In this contribution, we show our preference on this issue.
2 Discussion  
Before we provide our opinions, we would like to give a brief overview on the LTE euCA behaviour.
2.1 Overview of UE behavior in LTE euCA
In LTE euCA, both RRCConnectionRelease message and system information can carry early measurement configuration. If the configuration in RRCConnectionRelease message is different from SIB5 configuration, the UE overrides the configurations in system information. After obtaining early measurement configuration from RRCConnectionRelease message or system information, the UE stores the configuration in a UE variable (i.e. VarMeasIdleConfig) and creates a log file (i.e. VarMeasIdleReport) to store measurement results.
Observation 1: In LTE euCA, after obtaining early measurement configuration, the UE stores the configuration in a UE variable (i.e. VarMeasIdleConfig) and creates a log file (i.e. VarMeasIdleReport) to store measurement results.
If the UE receives the configuration from RRCConnectionRelease message, it starts a validity timer T331, and starts to perform early measurements based on CA capability and band combinations supported [3]. According to TS36.331 [3], it is up to UE implementation whether to continue IDLE mode measurements according to configuration in system information after T331 has expired or stopped, e.g. the UE may still perform aperiodic measurements before or during RACH.  

Observation 2: In LTE euCA, after T331 has expired or stopped, it is up to UE implementation whether to continue IDLE mode measurements according to configuration in system information, e.g. the UE may still perform aperiodic measurements before or during RACH.  

Specific stop and expiry condition of T331 can be summarized in table 1 which is from section 7.2 of TS 36.331 [3]. As we see, the stored early measurement configuration VarMeasIdleConfig is released when T331 expires or stops, but the stored early measurement results in VarMeasIdleReport is released only after they are successfully reported to NW. 
	Timer
	Start
	Stop
	At expiry

	T331
	Upon receiving RRCConnectionRelease message including measIdleConfig.
	Upon receiving RRCConnectionSetup, RRCConnectionResume or, if validityArea is configured, upon reselecting to cell that does not belong to validityArea.
	Release the stored VarMeasIdleConfig. 


Table 1: Behavior of timer T331

Observation 3: In LTE euCA, the stored early measurement configuration VarMeasIdleConfig is released when T331 expires or stops which can be further divided into below 3 scenarios:

1) Timer T331 expires;
2) UE reselects to a cell not within the configured validity area (timer T331 stops).
3) UE receives RRCConnectionSetup / RRCConnectionResume message i.e. UE enters CONNECTED state (timer T331 stops);

Observation 4: In LTE euCA, the stored early measurement results in VarMeasIdleReport is released only after they are successfully reported to NW. 
2.2 On necessity of validity of early measurements
As indicated in the overview of LTE euCA, the stored early measurement results are released only after they are successfully reported to NW in LTE euCA. Thus, it is possible that the UE has stopped early measurements for a long time after T331 expiry but still stored measurement results for reporting. In this case, the UE may send outdated measurement results and misleads NW on CA/DC configuration. Different from LTE, NR supports beam measurements, which may become out of date more quickly. Thus, more than one companies proposed to discuss how to avoid outdated measurement reporting in NR.

Observation 5: In LTE euCA, the stored early measurement results are released only after they are successfully reported to NW. Thus, it is possible that the UE has stopped early measurements for a long time after T331 expiry but still stored measurement results for reporting. In this case, the UE may send outdated measurement results and misleads NW on CA/DC configuration. 
Observation 6: Different from LTE, NR supports beam measurements, which may become outdated more quickly. Thus, further mechanism is required to avoid outdated cell and / or beam early measurement reporting.
In our understanding, this is an issue which may happen frequently and was not well addressed in LTE euCA discussion. In NR DCCA WI, we should address it.

Proposal 1: Introduce mechanism for validity of NR early measurement results.
We think there are two kinds of approaches list below:

· Alt-1: introduce early measurement results storage timer:

The UE starts storage timer after stopping early measurements. Upon expiry of storage timer, the UE shall discard the stored early measurements. The storage timer stops when the UE successfully sends early measurements to the NW.
· Alt-2: reporting of timestamp for early measurement reports:
Together with early measurements, the UE can send timestamp of last measurement to NW. And it is up to NW to decide how to handle reported early measurement results
	Solution 
	Pros
	Cons

	Alt-1: 

introduce early measurement results storage timer
	No increase of UE reporting overhead
	· The condition to start storage timer is ambiguous and unaware to NW because the UE can continue measurements after validity timer (T331) expiry.
· Introduce complex UE behavior especially the relationship between validity timer and storage timer. 

· RAN4 involvement may be required (e.g. candidate values of the timers)

	Alt-2:

reporting of timestamp for reports of early measurements
	· No new UE behavior is introduced. 

· NW has flexibility to decide whether the reported measurement results are out of date

· RAN4 does not need to be involved
	Increase UE reporting overhead


            Table 2: Comparison of two approaches to avoid outdated early measurement reporting
We compare pros and cons of the two approaches in table 2. We prefer Alt-2 because we think it will be a mess if the condition to start storage timer can’t be clearly specified in Alt-1. 
Observation 7: The approach of introducing storage timer for stored early measurement results is not preferred because the condition to start storage timer is ambiguous and unaware to NW if the UE can continue early measurements after validity timer (T331) expiry.
Observation 8: The approach of storage timer requires for RAN4 input at least for values of time duration; while the approach of timestamp reporting doesn’t require RAN4 input because it is up to NW implementation whether to discard the early measurements reporting.  
Proposal 2: For purpose of validity of NR early measurement results, introduce reporting of timestamp for early measurement reports.
For Alt-2, we have some concern on its increase of UE reporting overhead if timestamp of each early measurement is required to be reported. One way to limit the increased reporting overhead is to limit the timestamp only associated with the logfile to store early measurements (e.g. VarMeasIdleReport in LTE euCA), i.e. the UE only reports the timestamp of last update of logfile storing early measurements. Considering the possible different validity duration between cell and beam measurements in NR, we further propose that NR UE can create and maintain two logfiles: one to store cell level early measurements and one to store beam level early measurements.

Proposal 3: After obtaining early measurement configuration, the UE stores the configuration in a UE variable (e.g. VarMeasEarlyConfig) and creates two log files to store cell level and beam level measurement results, respectively (e.g. VarCellMeasEarlyReport and VarBeamMeasEarlyReport).
For the report content of timestamp for each log-file, we also have two solutions:

a) Absolute time of last log file update
b) Relative duration from the time of last log file update to the time of measurement reporting
Between them, we prefer b) because a) has issue in case of cell reselection if the reselected cell is not synchronized with source cell. Thus, we propose:
Proposal 4: The UE can report per log-file timestamp with early measurements to avoid outdated cell and / or beam measurement reporting in NR:

· The timestamp is defined as the duration from the time of last (cell/beam measurement) log file update to the time of measurement reporting. 
· It is up to NW to decide how to handle reported early measurement results with associated timestamp.
3 Summary
In this contribution, we discuss how to avoid outdated early measurement reporting in NR, i.e. introduce validity of early measurements. We propose: 

Observation 1: In LTE euCA, after obtaining early measurement configuration, the UE stores the configuration in a UE variable (i.e. VarMeasIdleConfig) and creates a log file (i.e. VarMeasIdleReport) to store measurement results.
Observation 2: In LTE euCA, after T331 has expired or stopped, it is up to UE implementation whether to continue IDLE mode measurements according to configuration in system information, e.g. the UE may still perform aperiodic measurements before or during RACH.  

Observation 3: In LTE euCA, the stored early measurement configuration VarMeasIdleConfig is released when T331 expires or stops which can be further divided into below 3 scenarios:

1) Timer T331 expires;
2) UE reselects to a cell not within the configured validity area (timer T331 stops).

3) UE receives RRCConnectionSetup / RRCConnectionResume message i.e. UE enters CONNECTED state (timer T331 stops);

Observation 4: In LTE euCA, the stored early measurement results in VarMeasIdleReport is released only after they are successfully reported to NW. 
Observation 5: In LTE euCA, the stored early measurement results are released only after they are successfully reported to NW. Thus, it is possible that the UE has stopped early measurements for a long time after T331 expiry but still stored measurement results for reporting. In this case, the UE may send outdated measurement results and misleads NW on CA/DC configuration. 
Observation 6: Different from LTE, NR supports beam measurements, which may become outdated more quickly. Thus, further mechanism is required to avoid outdated cell and / or beam early measurement reporting.

Observation 7: The approach of introducing storage timer for stored early measurement results is not preferred because the condition to start storage timer is ambiguous and unaware to NW if the UE can continue early measurements after validity timer (T331) expiry.
Observation 8: The approach of storage timer requires for RAN4 input at least for values of time duration; while the approach of timestamp reporting doesn’t require RAN4 input because it is up to NW implementation whether to discard the early measurements reporting.  
Proposal 1: Introduce mechanism for validity of NR early measurement results.

Proposal 2: For purpose of validity of NR early measurement results, introduce reporting of timestamp for early measurement reports.
Proposal 3: After obtaining early measurement configuration, the UE stores the configuration in a UE variable (e.g. VarMeasEarlyConfig) and creates two log files to store cell level and beam level measurement results, respectively (e.g. VarCellMeasEarlyReport and VarBeamMeasEarlyReport).
Proposal 4: The UE can report per log-file timestamp with early measurements to avoid outdated cell and / or beam measurement reporting in NR:

· The timestamp is defined as the duration from the time of last (cell/beam measurement) log file update to the time of measurement reporting. 
· It is up to NW to decide how to handle reported early measurement results with associated timestamp
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