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1 Introduction
In email discussion#37 [1], the UE behaviour during inter-RAT cell reselection was controversial, and therefore no conclusion was made. In this contribution, we show our preference on this issue.
2 Discussion  
Before we discuss UE behaviours during inter-RAT cell reselection 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, 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 [2]. 

Observation 2: 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.

Specific stop and expiry condition of T331 can be summarized in table 1 which is from section 7.2 of TS 36.331 [2]. 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 Early measurements during inter-RAT cell reselection
In LTE euCA, only intra-RAT cell reselection for early measurements can happen because only fast setup of CA was studied. While fast setup of EN-DC / NE-DC was being studied in NR DCCA, and the below agreements were made:
Agreements (RAN2#105):

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

Agreements (RAN2#105b):
11: LTE UE in IDLE mode, IDLE with suspended, and INACTIVE can be configured with NR early measurements to support fast setup of (NG)EN-DC (i.e. euCA is extended to support NR measurements). Details are FFS

Because inter-RAT cell reselection is different from intra-RAT cell reselection, we need to discuss what the UE should do for the stored early measurement configuration and results. This issue was discussed in email discussion#37 [1], and the following two options were identified:
· Option 1: The UE stops timer T331 and deletes measIdleConfig 
· Option 2: The UE continues timer T331 and keeps measIdleConfig
Basically, we prefer Option 2 because we think it is useful for fast setup of MR-DC. 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. We can take an example of EN-DC: If the UE is configured by NR source cell to measure both LTE and NR SCells/frequencies, and then reselects to an LTE cell. When CA and/or DC are supported by the network and UE between the reselected LTE cell and NR source cell, the stored LTE early measurements is still useful to quickly setup EN-DC when the UE established to the LTE network. 
Thus, we see benefit if the UE can continue early measurements and reports to target RAT after inter-RAT cell reselection.  
Observation 5: When the UE performing early measurements 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 for quickly setup of EN-DC/NE-DC.
In email discussion#37, people argued that after inter-RAT cell reselection, the UE will always attempt to establish RRC connection (i.e. entering RRC_CONNECTED) and perform a TAU in the target RAT. Thus, they thought the benefit was not much to allow UE to continue early measurements. However, we still see the following benefits of Alt-2 considering this argument:

· Overspecification of UE behaviour
Because the UE will establish RRC in target cell, T331 will be stopped and measIdleConfig will be deleted upon reception of RRCSetup message. Thus, it is redundant to specify Alt-1 (i.e. UE stops timer T331 and deletes measIdleConfig).

· Usefulness of early measurements in target RAT
During the interval of RRC establishment procedure in target RAT, the UE can still perform early measurements. In particular, most companies agreed that (it is up to UE implementation) UE could continue early measurements even after reception of RRCSetup message in email discussion#37. Thus, we think the UE has enough time to complete measurements in target RAT and report useful early measurement results to target cell. It will be wasteful to delete such useful early measurements stored by UE.  
Observation 6: Because the UE establishes RRC in target cell after inter-RAT cell reselection, T331 will be always stopped and measIdleConfig will be deleted upon reception of RRCSetup message. Thus, it is redundant to specify that UE stops timer T331 and deletes measIdleConfig.

Observation 7: After inter-RAT cell reselection, it is up to UE implementation to continue performing early measurements even after reception of RRCSetup message. Thus, the UE has enough time to complete measurements in target RAT, and it will be wasteful to delete such useful early measurements stored by UE.
Based on above analysis, we propose:
Proposal 1: The UE is allowed to continue T331 and early measurement after inter-RAT cell reselection.
In LTE euCA, validity area is introduced to control whether the UE continues early measurement after cell reselection for power saving purpose. As discussed in email discussion#35 [3], most companies agreed that validity area can be reused in NR. Similarly, we think that we can also use validity area to control whether the UE continues early measurement after inter-RAT cell reselection. Note that only LTE cells can be configured as validity area in LTE euCA. It is required to extend validity area to both LTE and NR.

Proposal 2: In NR, validity area can be configured to cover both LTE and NR cells to indicate whether the UE can continue early measurements after inter-RAT cell reselection. 
With regards to specific UE behaviour, there are the following 2 cases:
1) Case 1: source RAT configures early measurements for both LTE and NR
2) Case 2: source RAT configures the source RAT only (e.g. intended for CA)
For case 1, we think the UE behavior should be similar to LTE euCA, i.e. the UE continues validity timer and early measurements upon inter-RAT cell reselection if target cell is within validity area configured by source cell. And the UE performs early measurements only if it supports MR-DC combination between the frequency and the new serving frequency (i.e. reselected cell with different RAT). 
Proposal 3: If source RAT configures early measurements for both LTE and NR, the UE continues validity timer and early measurements upon inter-RAT cell reselection if: 
· Target cell is within validity area configured by source cell;
· And the UE supports MR-DC combination between the frequency and the new serving frequency (i.e. reselected cell with different RAT).
For case 2, we prefer the simplest solution: UE stops early measurements after inter-RAT cell reselection.  
Proposal 4: If source RAT configures the source RAT only (e.g. intended for CA), the UE stops validity timer and early measurements, and deletes measIdleConfig after inter-RAT cell reselection. 
Finally, with regards to reporting of early measurements after inter-RAT cell reselection, we have the following 2 options:

· Option 1: the UE maintains one logfile to store both LTE and NR early measurements results (e.g. one logfile VarMeasEarlyReport). After inter-RAT cell reselection, the UE will report both LTE and NR early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest
· Option 2: the UE maintains two separate logfiles to store LTE and NR early measurements results (e.g. one logfile with name VarLTEMeasEarlyReport and another with name VarNRMeasEarlyReport ). After inter-RAT cell reselection, the NW can include indication in UEInformationRequest, and the UE reports accordingly in UEInformationResponse message

Between them, we think Option 1 seems to be sufficient. Thus, we propose:
Proposal 5: The UE maintains one logfile to store both LTE and NR early measurements results. After inter-RAT cell reselection, the UE will report both LTE and NR early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest. 
3 Summary
In email discussion#37 [1], the UE behaviour during inter-RAT cell reselection was controversial. In this contribution, we show our preference on this issue. 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, 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 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: When the UE performing early measurements 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 for quickly setup of EN-DC/NE-DC.
Proposal 1: The UE is allowed to continue T331 and early measurement after inter-RAT cell reselection.

Proposal 2: In NR, validity area can be configured to cover both LTE and NR cells to indicate whether the UE can continue early measurements after inter-RAT cell reselection. 
Proposal 3: If source RAT configures early measurements for both LTE and NR, the UE continues validity timer and early measurements upon inter-RAT cell reselection if: 
· Target cell is within validity area configured by source cell;
· And the UE supports MR-DC combination between the frequency and the new serving frequency (i.e. reselected cell with different RAT).
Proposal 4: If source RAT configures the source RAT only (e.g. intended for CA), the UE stops validity timer and early measurements, and deletes measIdleConfig after inter-RAT cell reselection. 
Proposal 5: The UE maintains one logfile to store both LTE and NR early measurements results. After inter-RAT cell reselection, the UE will report both LTE and NR early measurement results to NW in UEInformationResponse message upon reception of request in UEInformationRequest. 
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