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1 Introduction
In the last RAN2 #113e meeting, discussion on logged MDT enhancements regarding early measurements has been made, and the corresponding agreements have been made as follows:

In addition, an LS [1] from RAN3 regarding the need of the UE-based solution for tackling the problem of avoiding signalling-based MDT overriding the management-based MDT is received. 
In this paper, we would like to further address our views on the enhancements for early measurement coverage analysis and avoiding signalling-based MDT overriding the management-based MDT.
2 Discussion
2.1 Early measurement related logged MDT enhancements
2.1.1 Whether a flag is needed in the logged MDT configuration?
If the UE is configured with LoggedMeasurementConfiguration, after the UE comes back to the RRC_IDLE or RRC_INACTIVE state, UE should perform measurement logging according to the restriction of areaConfiguration-r16 (area and frequency related) in the time duration indicated by the loggingDuration-r16. Subsequently, the measurements logged are sent towards the RAN for fast SN setup. Note that only if the measurements logged to be sent towards the CN, the OAM could take advantage of them for coverage analysis on the corresponding frequencies. However, the network might not need to perform coverage analysis on the early measurement-related frequencies, so a flag should be included in the logged MDT configuration for UE to know whether or not logging the early measurements is needed. In such a way, when the network does not need to perform coverage analysis and optimization on the early measurement related frequencies, the UE could be alleviated to perform the measurement logging in the logged MDT report to save the memory space and signalling overhand.
Observation 1: the network might not need to perform coverage analysis on the early measurement-related frequencies.

Proposal 1: a flag should be included in the logged MDT configuration for UE to know whether or not logging the early measurements in the measurement report is needed. 
2.1.2 Early measurement issue

When early measurement is applied, the gNB will send the configuration of the measurements to be performed by the UE while in RRC_IDLE or RRC_INACTIVE for NR inter-frequency and/or inter-RAT (i.e., EUTRA) to UE via either RRC Release message or the SIB. Also, the timer measIdleDuration-r16 IE and the validityAreaList-r16 are set to define the duration and the target areas of early measurements to be performed. 

According to TS 38.331, in principle, there are five possible reasons why the early measurement results corresponding to the previously configured carrier frequencies are stopped being logged in the measurement report, if the early measurement result is allowed for logged MDT reporting:
· The timer measIdleDuration-r16 expires. 
· The camped cell is no longer in the validity area list.
· The camped cell is changed due to reselection, early measurement configuration will be updated according to the currently camped cell (via reading SIB) if no validity area list was configured previously.

· A new RRC Release message is received.
· The configured carrier frequency of the early measurement is not hearable. 
When the UE sends the logged MDT reports with early measurement results inside, it is highly likely that the network has already deleted or cannot retrieve the UE context. In such cases, if early measurement results are missed in the logged MDT report from a particular time moment, the network has no idea about the real reason. In the email discussion [Post113-e][854][NR17 SON MDT]Logged MDT,  a concern that the similar situation applies for the areaConfigure in logged MDT, but no similar solution has been given to resolve the problem has been raised by a company. In our opinion, these two are two different situations. Note that the areaconfiguration for logged MDT could be, at least up to network implementation, stored in the CN (it comes from the CN). When the UE sends the logged measurement report to the CN, CN could know if the missed measurements logged is due to coverage hole problem or UE being out of configured area (CN will check location information included in the measurement report). However, for the early measurement logging, it is the RAN to send the early measurement related configuration towards UE, which is not known to the CN at all. As a result, for coverage analysis in the CN, knowing the reason why the early measurement results corresponding to the previously configured carrier frequencies are stopped being logged in the measurement report is critical for the CN.
Observation 2: if early measurement results are missed in some entries in the logged MDT report, the network has no idea about the real reason. Four possibilities are indicated as follows:
A:   The timer measIdleDuration-r16 expires. 

B：The camped cell is no longer in the validity area list.

C：The camped cell is changed due to reselection, early measurement configuration will be updated   according to the currently camped cell (via reading SIB) if no validity area list was configured.
D:   A new RRC Release message is received.
E：The configured carrier frequency of the early measurement is not hearable. 
Observation 3: for the early measurement logging, it is the RAN to configure the early measurement related configuration, which is not known to the CN at all. As a result, for coverage analysis, knowing the reason why the early measurement results corresponding to the previously configured carrier frequencies are stopped being logged in the measurement report is critical for the CN.

Assuming the real reason of early measurement results being missed in some entries is the expiration of the timer or UE being out of the configured validity area list, however, if the network believes it is due to the deployment faults leading to the result of signal not hearable, unnecessary or wrong action, such as adjustment of the beam tilt angle of base station, might be taken by the MNO. To avoid such embarrassing situation, additional new IEs are required to be introduced to the logged MDT report.
Let’s talk about the cases of the expiration of measIdleDuration-r16 timer and the camped cell being no longer in the validity area list in the first place. According to the TS 38.331, the timer T331 will be triggered upon reception of the RRC release with measIdleDuration-r16 inside, and the value of the timer T331 will be set to the value of the measIdleDuration-r16. After the expiration of the timer, early measurement results are not to be included in the new entries of the logged MDT report anymore. Such result is also occurred when the camped cell is no longer in the validity area list. If the frequency of the current serving cell does not match with any carrier frequency entry in the validityAreaList, or even though the frequency of the current serving cell matches with a carrier frequency entry in the validityAreaList, the PCI of the current serving cell does not match with any entry in the validityCellList, the early measurement procedure will also be stopped (T331 stopped). To let the network understand correctly, in our opinion, there are following options on the table:
·    include the measIdleDuration-r16 IE and/or validityAreaList-r16 and/or validityCellList-r16 IE in the logMeasReport-r16 IE 
·    include an indication in a certain LogMeasInfo-r16 entry in the logMeasReport-r16 IE indicating that early measurement results are not to be included in the log measurement report from now on due to the expiration of the T331 or the mismatch between the camped cell with the validity area list.
·    include indications in all related LogMeasInfo-r16 entries in the logMeasReport-r16 IE indicating that early measurement results are not included in the log measurement report due to the expiration of the T331 or the mismatch between the camped cell with the validity area list.
However, if except from the not hearable cell signal level, the network is reluctant to know the exact reason (area configuration mismatch/timer expiration) why early measurement results are not included in the latter logged measurement entries, the indication could be re-defined as to convey the information that the early measurement results are not included in the log measurement report due to a reason other than cell-level signal not hearable. As a result, it is proposed that RAN2 to agree that down selection from following three options should be made:

·    the configuration of the validityAreaList and/or the validityCellList and measIdleDuration-r16 is included in the logged measurement report.

·    include an indication in a new LogMeasInfo-r16 entry in the logMeasReport-r16 IE indicating that early measurement results are not included in the log measurement report from now on (corresponding to the time stamp include in the entry) due to a reason other than cell-level signal not hearable.
·   include indications in all related LogMeasInfo-r16 entries in the logMeasReport-r16 IE indicating that early measurement results are not included in the log measurement report due to a reason other than cell-level signal not hearable.
Proposal 2: RAN2 to agree that down selection from following three options should be made to let the network clearly understand the reason of expiration of the T331 or the mismatch between the camped cell and the validity area list why early measurement results are not included in the logged measurement report anymore:

·    Option A: the configuration of the validityAreaList and/or the validityCellList and measIdleDuration-r16 IE is included in the logged measurement report.

·    Option B: include an indication in a new LogMeasInfo-r16 entry in the logMeasReport-r16 IE indicating that early measurement results are not included in the log measurement report from now on (corresponding to the time stamp included in the entry) due to a reason other than cell-level signal not hearable.

·   Option C: include indications in all related LogMeasInfo-r16 entries in the logMeasReport-r16 IE indicating that early measurement results are not included in the log measurement report due to a reason other than cell-level signal not hearable.
Then, let’s focus on the impact of option C and D in the observation 1. Firstly, according to the TS 38.331, if the validity area list is not configured in the RRCRelease message previously, and the UE reselects to another cell, the target carrier frequency configuration of early measurement will be updated. In addition, note that the network might not retrieve the logged measurement report if the UE goes back to the RRC_connected state. In such scenario, when the UE goes back to the RRC_connected state, the early measurement configuration might be updated. Such scenario is illustrated in the figure below.
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Figure 1:  measIdleConfig-r16 IE might be updated when UE enters the RRC_Connected again 
Therefore, in such two scenarios, the early measurements corresponding to the previous configuration will be stopped and the ones corresponding to the update configuration will be triggered. To let the network understand correctly, in our opinion, there are following options on the table:
· include the updated carrier frequency information (measIdleCarrierListEUTRA and/or measIdleCarrierListNR IE) in the logged measurement report and add a new indication to mark the timestamp from which the updated configuration becomes valid.
· include an indication for the carrier frequencies for which the early measurements are no longer performed due to updating of the configuration of the early measurement.
Proposal 3: RAN2 to agree that down selection from following two options should be made to let the network clearly understand the reason why some previously recorded early measurement results are missed in the following logged measurement entries is the updating of the early measurement configuration:

· Option A: include the updated carrier frequency information (measIdleCarrierListEUTRA and/or measIdleCarrierListNR IE) in the logged measurement report and add a new indication to mark the timestamp from which the updated configuration becomes valid.

· Option B: include an indication for the carrier frequencies for which the early measurements are no longer performed due to updating of the configuration of the early measurement.
2.2 Avoiding signalling-based MDT overriding management-based MDT
Since signalling based MDT is dedicated for a specific UE that network would like to collect some specific measurement from the UE, we should avoid overriding the signalling-based MDT configuration by the management-based MDT configuration. Although in R16, RAN2 made a decision that UE based solution is not supported, recently RAN3 sent a LS [1] informing RAN2 that the network-based solutions are complex and suggesting RAN2 to reconsider UE based solutions in R17. 

For the UE in the RRC_Inactive/RRC_Idle mode, the RRCResumeSetupComplete/ RRCConnectionSetupComplete msg is the proper choice for carrying the indication that the UE has an ongoing signalling-based logged MDT configuration towards the NG-RAN node. When the NG-RAN node receives such indication, the NG-RAN node should avoid sending management-based MDT towards the UE.
Proposal 4: The RRCReconfigurationComplete/RRCResumeSetupComplete/RRCConnectionSetupComplete msg is agreed to be utilized to carry a flag indicating that the UE was configured with signalling-based MDT for RRC_Connected/RRC_Inactive/RRC_Idle UE.
As the signalling-based MDT configuration will expire finally, when it is expired, the UE is freed to be configured with management-based MDT, but the question is how the network could know when the signalling-based MDT configuration will expire? In our opinion, there are two options on the table:
1. In addition to the indicator, the UE also reports the left time for the MDT configuration to be expired, or the starting time of the measurements collection and configured time duration (T331 for logged MDT).

2. When the signalling-based MDT is expired, the UE sends a corresponding update msg towards the NG-RAN node.

Proposal 5: RAN2 to discuss which of the below options to be adopted for the network know when the signalling-base MDT configuration will expire:

1. In addition to the indicator, the UE also reports the left time for the MDT configuration to be expired, or the starting time of the measurements collection and configured time duration (T331 for logged MDT).

2. When the signalling-based MDT is expired, the UE sends a corresponding update msg towards the NG-RAN node.
3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1: if early measurement results are missed in some entries in the logged MDT report, the network has no idea about the real reason. Four possibilities are indicated as follows:

A:   The timer measIdleDuration-r16 expires. 

B：The camped cell is no longer in the validity area list.

C：The camped cell is changed due to reselection, early measurement configuration will be updated   according to the currently camped cell (via reading SIB) if no validity area list was configured.
D:   A new RRC Release message is received.
E：The configured carrier frequency of the early measurement is not hearable. 

Observation 2: if after selection/re-selection procedure, UE camps on a cell which does not match with the entry included in the validityAreaList or the validityCellList, the early measurement procedure will be stopped, and therefore, early measurement results will be missed in the following entries of the logged measurement report.
Observation 3: for the early measurement logging, it is the RAN to configure the early measurement related configuration, which is not known to the CN at all. As a result, for coverage analysis, knowing the reason why the early measurement results corresponding to the previously configured carrier frequencies are stopped being logged in the measurement report is critical for the CN.
Proposal 1: a flag should be included in the logged MDT configuration for UE to know whether or not logging the early measurements in the measurement report is needed. 
Proposal 2: RAN2 to agree that down selection from following three reasons should be made:

·    Option A: the configuration of the validityAreaList and/or the validityCellList and measIdleDuration-r16 IE is included in the logged measurement report.

·    Option B: include an indication in a new LogMeasInfo-r16 entry in the logMeasReport-r16 IE indicating that early measurement results are not included in the log measurement report from now on (corresponding to the time stamp include in the entry) due to a reason other than cell-level signal not hearable.

·   Option C: include indications in all related LogMeasInfo-r16 entries in the logMeasReport-r16 IE indicating that early measurement results are not included in the log measurement report due to a reason other than cell-level signal not hearable.

Proposal 3: RAN2 to agree that down selection from following two options should be made to let the network clearly understand the reason why some previously recorded early measurement results are missed in the following logged measurement entries is the updating of the early measurement configuration:

· Option A: include the updated carrier frequency information (measIdleCarrierListEUTRA and/or measIdleCarrierListNR IE) in the logged measurement report and add a new indication to mark the timestamp from which the updated configuration becomes valid.

· Option B: include an indication for the carrier frequencies for which the early measurements are no longer performed due to updating of the configuration of the early measurement.
Proposal 4: The RRCReconfigurationComplete/RRCResumeSetupComplete/RRCConnectionSetupComplete msg is agreed by RAN2 to be utilized to carry a flag indicating that the UE was configured with signalling-based MDT for RRC_Connected/RRC_Inactive/RRC_Idle UE.
Proposal 5: RAN2 to discuss which of the below options to be adopted for the network know when the signalling-base MDT configuration will expire:

1. In addition to the indicator, the UE also reports the left time for the MDT configuration to be expired, or the starting time of the measurements collection and configured time duration.

2. When the signalling-based MDT is expired, the UE sends a corresponding update msg towards the NG-RAN node.
Reference:

[1] R3-207176, LS on UE based solution related to Logged MDT, RAN3
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Agreement: 


The network can use a flag in logged MDT configuration to indicate if an early measurement/idle mode configuration has relevance for logged measurement purposes. Upon such an indication, UE can log measurement on non-cellReselection (carrier frequencies not part of SIB4 or SIB5). AreaConfig and/or InterFreqTargetInfo can be used for filtering of SIB4 and non-SIB4 frequencies. 


Whether a flag is needed should be FFS.
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