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1 Introduction
In RAN2#105b [1], we made good progress on NR early measurement configuration. Basically, we agreed that NR early measurement will reuse LTE euCA configuration as baseline. However, as identified in email discussion of NR early measurement configuration [2], the following NR specific UE behaviors are still not clear:
· What UE behaviours specified in LTE euCA can be reused in NR early measurements? 

· How to avoid outdated measurement reporting? Especially for beam measurements reporting.
· Does the UE continue early measurements upon state transition from INACTIVE to IDLE?
In this contribution, we address the above issues.
2 Discussion  
Before we discuss UE behaviors in NR early measurement, we first provide a brief overview of UE behaviour in LTE euCA.
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.
Observation 1: In LTE euCA, if the early measurement configuration in RRCConnectionRelease message is different from the one in system information, 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 2: 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]. 
Observation 3: In LTE euCA, upon reception of measurement configuration from RRCConnectionRelease message, it starts a validity timer T331, and starts to perform early measurements based on CA capability and band combinations supported.
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 4: 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 5: 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 6: In LTE euCA, the stored early measurement results in VarMeasIdleReport is released only after they are successfully reported to NW. 
2.2 Specific issues of NR early measurement

During email discussion [2], the following specific issues of NR early measurements different from LTE euCA were identified from multiple companies’ comments:

· Does the UE continue early measurements upon state transition from INACTIVE to IDLE?

Different from LTE, NR supports INACTIVE state. So, RAN2 is required to consider whether the UE can continue early measurement upon state transition from INACTIVE to IDLE.  
· How to avoid outdated measurement reporting? Especially for beam measurements reporting?
As we see in observation 6, 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 sends 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 7: Two NR specific issues are required to be addressed: does the UE continue early measurements upon state transition from INACTIVE to IDLE? And how to avoid outdated cell and/or beam measurement reporting? 
2.3 What UE behaviours specified in LTE euCA can be reused in NR early measurements
Based on agreement in RAN2#105b [1] and majority view of email discussion [2], we think the UE behaviors of LTE euCA described in Observation 1 and Observation 3 can be reused in NR in principle with minor modifications. So, we propose:
Proposal 1: As LTE euCA, if the early measurement configuration in NR RRCRelease message is different from the one configured in NR system information, the UE overrides the measurement configurations in system information.
Proposal 2: As LTE euCA, upon reception of measurement configuration from NR RRCRelease message, it starts the validity timer, and performs early measurements based on its CA and/or DC capability and supported band combinations.

For observation 3 (i.e. the UE behaviors after T331 expiry), some companies raised the comments whether NR can clearly specify UE behavior after T331 expiry instead of relying on UE implementation. In our understanding, the current behavior specified in LTE euCA is good enough because it can provide flexibility for the UE with high capability and it is also beneficial for NW if latest measurements can be reported before or during RACH. Further, if we specify different UE behaviors in NR from LTE euCA, then it may cause some misalignments between LTE UE and NR UE in performing early measurement. Thus, we proposed to reuse what specified in LTE euCA in NR.
Observation 8: The current behavior specified in LTE euCA can provide flexibility for the UE with high capability to continue early measurements and it is also beneficial for NW if latest measurements can be reported before or during RACH.
Proposal 3: As LTE euCA, after validity timer has expired or stopped, it is up to UE implementation whether to continue NR early measurements according to configuration in system information.
2.4 Does the UE continue early measurements upon state transition from INACTIVE to IDLE?
First, please note that there is no difference specified for NR measurements in INACTIVE state and IDLE state [4] [5] in NR rel-15. As for NR early measurements, we think the same principle can be reused:

Proposal 4: NR UE follows the same early measurement configuration for early measurements in INACTIVE state and IDLE state.
In TS 38.331 [4], the following cases may cause state transition from INACTIVE to IDLE:
1) T319 expiry or integrity check failure from lower layers while T319 is running
2) UE receives CN paging
3) Inability to comply with RRCResume
4) Intra-RAT Cell re-selection while T319 or T302 is running
5) UE failed to trigger RNA due to T380 expires or due AC barring.
6) UE receives another RRCRelease message without suspendConfig from NW as response of sending RRCResumeRequest/RRCResumeRequest1 (e.g. in RNA update procedure).
7) Inter-RAT cell reselection.
In our understanding, the NR UE can continue the validity timer and early measurements when the state transition is caused by conditions 1) / 2) / 3) / 4) / 5). However, we need to further discuss condition 6) and 7).
Proposal 5: In the following cases which cause state transition from INACTIVE to IDLE, NR UE continues the validity timer and corresponding early measurements:
· T319 expiry or integrity check failure from lower layers while T319 is running
· UE receives CN paging

· Inability to comply with RRCResume
· Intra-RAT Cell re-selection while T319 or T302 is running
· UE failed to trigger RNA due to T380 expires or due AC barring.
For 6), the UE may move out of current RNA, and update the RNA based on the field ran-NotificationAreaInfo upon reception of RRCRelease message. Since the RNA has been changed in this case, we think it is possible that the NW can carry new early measurement configuration included in RRCRelease message. Then in this case, we think that the UE should discard stored early measurement configuration and corresponding measurement results (if any) and apply new configuration. Note that according to TS 38.331 [4], it is also possible that the NW sends an RRCRelease message with suspendConfig as response of sending RRCResumeRequest/RRCResumeRequest1. We think the same UE behavior can be extended to this case. Thus, we propose:
Proposal 6: If NR UE receives another RRCRelease message (with or without suspendConfig) with new early measurement configuration (e.g. in RNA update), it shall discard stored early measurement configuration and corresponding measurement results (if any), and then apply the new early measurement configuration.
While when the NR UE receives another RRCRelease message (with or without suspendConfig) without new early measurement configuration, we think the UE can continue the validity timer and corresponding early measurements.

Proposal 7: If NR UE receives another RRCRelease message (with or without suspendConfig) without new early measurement configuration, it continues the validity timer and corresponding early measurements.
For 7), it is an NR specific issue because RAN2 has agreed that NR early measurement configuration can carry both NR and LTE measurement configuration in RAN2#105 [5], to support both CA and different MRDC scenarios. When the UE performing early measurements reselects to another cell with different RAT (e.g. from NR cell to LTE cell), we think it is possible that the early measurement configurations from the source RAT are still valid in the target RAT in some deployments. For example, if the UE is configured by NR source cell to measure both LTE and NR SCells, and then reselects to an LTE cell, the stored LTE early measurements may be still useful to quickly setup NR CA when the UE connects to the network. Thus, we think it should be possible for the UE to continues the validity timer and corresponding early measurements in inter-RAT cell reselection. But the NW should explicitly configure it in RRCRelease message with early measurement configuration depending on the network deployments.
Observation 9: When the UE reselects to another cell with different RAT (e.g. from NR cell to LTE cell), it is possible that the early measurement configurations from the source RAT are still valid in the target RAT in some deployments. For example, if the UE is configured by NR source cell to measure both LTE and NR SCells, and then reselects to an LTE cell, the stored LTE early measurements may be still useful to quickly setup LTE CA.

Proposal 8: In RRCRelease message with early measurement configuration, the NW can configure whether the NR UE continues or stops the validity timer and corresponding early measurements upon inter-RAT cell reselection.
2.5 How to avoid outdated cell and / or beam measurement reporting?
As we see in observation 6, 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 sends 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 10: 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 sends outdated measurement results and misleads NW on CA/DC configuration. 
Observation 11: 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.
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. 

	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
	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 12: 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.
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 9: 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 10: 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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Figure.1: Procedure of how the UE handles early measurement configuration and results in LTE and NR
Finally, since we don’t need to introduce storage timer for early measurements, we can reuse the specified UE behaviors in LTE euCA on how to handle stored early measurement configuration and log files to store early measurements. 
Proposal 11: As LTE euCA, the stored early measurement configuration (e.g. VarMeasEarlyConfig) is released when validity timer expires or stops. 

Proposal 12: The stored early measurement results (e.g. VarCellMeasEarlyReport and VarBeamMeasEarlyReport) are released under following 2 cases: 
1) After early measurement results are successfully reported to NW;

2) UE receives another RRCRelease message (with or without suspendConfig) with new early measurement configuration (e.g. in RNA update). 
As a summary, the procedure comparison of how the UE handles early measurement configuration and results in LTE and NR is illustrated in Figure.1.
3 Summary
In this contribution, we address the unclear UE behaviors under NR early measurements. We propose: 

Observation 1: In LTE euCA, if the early measurement configuration in RRCConnectionRelease message is different from the one in system information, the UE overrides the configurations in system information.

Observation 2: 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 3: In LTE euCA, upon reception of measurement configuration from RRCConnectionRelease message, it starts a validity timer T331, and starts to perform early measurements based on CA capability and band combinations supported.

Observation 4: 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 5: 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 6: In LTE euCA, the stored early measurement results in VarMeasIdleReport is released only after they are successfully reported to NW. 
Observation 7: Two NR specific issues are required to be addressed: does the UE continue early measurements upon state transition from INACTIVE to IDLE? And how to avoid outdated cell and/or beam measurement reporting? 
Observation 8: The current behavior specified in LTE euCA can provide flexibility for the UE with high capability to continue early measurements and it is also beneficial for NW if latest measurements can be reported before or during RACH.
Observation 9: When the UE reselects to another cell with different RAT (e.g. from NR cell to LTE cell), it is possible that the early measurement configurations from the source RAT are still valid in the target RAT in some deployments. For example, if the UE is configured by NR source cell to measure both LTE and NR SCells, and then reselects to an LTE cell, the stored LTE early measurements may be still useful to quickly setup LTE CA.

Observation 10: 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 sends outdated measurement results and misleads NW on CA/DC configuration. 
Observation 11: 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 12: 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 measurements after validity timer (T331) expiry.

Proposal 1: As LTE euCA, if the early measurement configuration in NR RRCRelease message is different from the one configured in NR system information, the UE overrides the measurement configurations in system information.
Proposal 2: As LTE euCA, upon reception of measurement configuration from NR RRCRelease message, it starts the validity timer, and performs early measurements based on its CA and/or DC capability and supported band combinations.
Proposal 3: As LTE euCA, after validity timer has expired or stopped, it is up to UE implementation whether to continue NR early measurements according to configuration in system information.
Proposal 4: NR UE follows the same early measurement configuration for early measurements in INACTIVE state and IDLE state.
Proposal 5: In the following cases which cause state transition from INACTIVE to IDLE, NR UE continues the validity timer and corresponding early measurements:

· T319 expiry or integrity check failure from lower layers while T319 is running
· UE receives CN paging

· Inability to comply with RRCResume
· Intra-RAT Cell re-selection while T319 or T302 is running
· UE failed to trigger RNA due to T380 expires or due AC barring.
Proposal 6: If NR UE receives another RRCRelease message (with or without suspendConfig) with new early measurement configuration (e.g. in RNA update), it shall discard stored early measurement configuration and corresponding measurement results (if any), and then apply the new early measurement configuration.
Proposal 7: If NR UE receives another RRCRelease message (with or without suspendConfig) without new early measurement configuration, it continues the validity timer and corresponding early measurements.
Proposal 8: In RRCRelease message with early measurement configuration, the NW can configure whether the NR UE continues or stops the validity timer and corresponding early measurements upon inter-RAT cell reselection.
Proposal 9: 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 10: 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.
Proposal 11: As LTE euCA, the stored early measurement configuration (e.g. VarMeasEarlyConfig) is released when validity timer expires or stops. 

Proposal 12: The stored early measurement results (e.g. VarCellMeasEarlyReport and VarBeamMeasEarlyReport) are released under following 2 cases: 
1) After early measurement results are successfully reported to NW;

2) UE receives another RRCRelease message (with or without suspendConfig) with new early measurement configuration (e.g. in RNA update). 
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