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Introduction

After the RAN2#106 meeting, the following agreements were reached for out-of-coverage measurement and report:

Agreements RAN2#107bis:

1
A UE can be configured with the periodical logging or the event-triggered logging.

2
For Logged MDT, the report IE for the both periodical logging and event-triggered logging MDT through the same IE (i.e., LogMeasReport). 

3
introduction of a greater value of the maximum number of MDT logged measurements entries that can be stored by the UE in NR compared to LTE maxLogMeas-r10. The value of maxLogMeas-r16 is FFS.
Agreements RAN2#107:

1
For Logged MDT, introduce periodical logged measurements as in LTE and event-triggered logged measurements (including out-of-coverage event). Details of configuration are FFS. 
Agreements RAN2#106:

1
The out-of-coverage detection and logging in NR can be configured to be independent of the periodical DL pilot strength logged measurements.

2
For MDT in NR, UE can be configured to only perform the logging for out-of-coverage detection, i.e., UE is not required to log the DL pilot strength measurements if the configuration is only out-of-coverage detection.
3.
A new indicator is introduced per logged measurement information entry in order to informing of detection of any cell selection state as in Rel-15 LTE MDT.
During the email discussion [RAN#107bis#87] to capture the agreements made in MDT in running 38331 CR, companies seems to have different understanding on the agreements made in RAN2#107bis meeting, in this contribution, we will try to provide our understanding for out-of-coverage measurement and report procedure. 

Discussion

First issue needs to be clarified is the definition of eventTriggered logging. The common understanding for the eventTriggered report is that UE only performs logging when entering and leaving the event, which means only two logs will be considered for the triggered event, e.g., out of coverage(OOC). While for for event trigger periodical, the UE will perform the logging after OOC, with a specific time intervals defined for event triggered logging (e.g., eventLoggingInterval-r16), which is different from the normal one (e.g., loggingInterval-r16). An example is given in Figure 1. 
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Figure 1 Event Triggered Periodical 
Observation 1: Event Triggered only logs when UE enters and leaves the event while event triggered periodical logs when UE enters and leaves the event as well as during the event with a configured interval.
It is agreed that in last meeting a UE can be configured with the periodical logging or the event-triggered logging, however during the online discussion it seems that what we agreed is actually event triggered periodical, therefore it is kindly asked that RAN2 confirms the agreements is that a UE can be configured with periodical logging or event triggered periodical logging.

Proposal 1: It is kindly asked that RAN2 confirms the agreements is that a UE can be configured with periodical logging or event triggered periodical logging.

Another issue that has not reached consensus is that whether a specific interval shall be considered for event triggered periodical.The logged MDT mechanism in LTE is that the UE records the DL pilot strength measurements periodically according to the prior configuration including the loggingInterval form the network (by the LoggedMeasurementConfiguration message), and upon entering connected state, it indicates the availability (logMeasAvailable) to the network (by the RRCConnectionReconfigurationComplete, RRCConnectionReestablishmentComplete, RRCConnectionResumeComplete, or RRCConnectionSetupComplete message), then the network fetches the logMeasReport by the UEInformationRequest / UEInformationResponse message.

When the UE is configured with Logged Measurement Configuration, upon entering idle state, it begins recording the DL pilot strength measurements periodically (e.g. follow loggingInterval). Later, when the UE enters any cell selection state, it continues the periodical logging based on the same loggingInterval. The difference is that, in any cell selection state, it records the DL pilot strength of last logged cell that the UE was camping on (since there is no suitable or no acceptable cell found at that moment). Meanwhile UE can set an additional indicator (anyCellSelectionDetected) in logging context to indicate the detection of “no suitable or no acceptable cell found”.

According to the logged MDT mechanism in LTE, a single loggingInterval parameter is used for out of coverage measurement and normal logged MDT measurement. However, for the purpose of out-of-coverage, UE may miss the record occasion when the configured loggingInterval is long and the coverage hole is small. On the other hand, configuring a shorter loggingInterval both for out of coverage measurement and normal logged MDT measurement would increase UE power consumption, and exhaust more UE’s memory. 

Observation 2: Normal logging behaviour with large logging interval may miss the chance to record out of coverage problem when coverage hole is small. While a unified short interval for both periodical logging and event trigger periodical logging increases UE power consumption and exhausts UE’s memory.
Considering above observations, it is beneficial to introduce separate logging intervals at least for event triggered periodical logging for out of coverage scenario and normal periodical logging. When taking the event triggered or event triggered periodical method, the coverage hole will not be missed, since it will be recorded upon entering and exiting the hole. Moreover, the event triggered periodical method can also provide higher accuracy by using a shorter loggingInterval. 
Proposal 2: At least for out-of-coverage event, specific logging interval, e.g. different from that of normal periodical logging, can be introduced. 

Another important parameter shall be discussed is logging duration. In LTE the logging duration is introduced in periodical logging to prevent the UE from continuous to perform logging, which starts after the receiving of logging configuration. It remains unclear in NR whether a unified logging duration shall be used for all cases other than nomal periodical logging. In our understanding, logging duration is introduced for the consideration of the validity of measurement configuration as well as power saving at UE’s side, without the logging duration the UE will continue to logs even when moves to other cells, in this case the information collected in previous cell might not be useful for the current cell as the configuration might be different. Therefore, it is better that the same behavior shall be adopted to event triggered cases.  
Observation 3: Logging duration is the maximum duration for logging, which starts after reception of log configuration, and no logging will be performed after expiration of the duration, which is used to guarantee the configuration validity and to prevent UE from unstoppable logging.  

Proposal 3: Logging duration specified for periodical logging shall also applies to event triggered case, e.g., OOC. 
It is agreed that we will not support both periodical logging and eventTriggered (actually is eventTriggered periodical as clarified in previous section) simultaneously, which to our understanding is to exclude the case as shown in Figure 2, where UE logs with both intervals during triggering event, e.g., OOC.
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Figure 2 Periodical and eventTriggered periodical simultaneously
What remains unclear is how to understand a UE can support periodical logging or eventTriggered logging. One understanding is that if UE is configured with periodical logging then there will be no OOC in normal periodical logging procedure just pure periodical logging which takes the form as shown in Figure 3, while UE is configured with eventTriggered, it will only perform logging when during triggering event and no logging out of the event as shown in Figure 1.
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Figure 3 Pure periodical logging
To support “pure” periodical logging, e.g., no logging can be performed during OOC is not a good choice, as the measurement will not be recorded during OOC, which means no further information can be provide to network to identify the OOC situation. In case coverage hole is smaller than time interval, the NW may not even realized there is a coverage problem therefore no actions will be taken to patch the problem which has negative impact on the overall system performance.

Observation 4: “Pure” periodical logging, e.g., no logging can be performed during OOC, is not a desirable behavior as no information will be provided to help identify coverage hole problem. 
In LTE, the periodical report of logged MDT can as well used for detection and report of OOC. The detailed procedure can be summarized as the following figure 4, e.g. the UE will continue to perform the logging at regular time intervals (e.g., defined by loggingInterval in periodical logging configuration) after OOC event is triggered, and the logged measurements obtained during OOC event will be tagged to differentiate from that obtained out of OOC event. 
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Figure 4 LTE periodical logging
Observation 5: Periodical logging defined in LTE will continue to log with the same time interval during OOC event, and indication will be included in the log to indicate it is obtained during OOC. 

As for us, it is reasonable to take the LTE structure as a baseline, e.g., UE will continue to log during OOC, so that some measurements can be recorded and reported during OOC, to provide more information to help the network to identify coverage problem. 

Proposal 4: Take LTE periodical logging as baseline, i.e., UE will continue to log if out-of-coverage happens in periodical logging. 
Taking LTE behavior as baseline, there are two options to perform the logging during OOC in periodical logging:
Opt1: Perform logging with the same time interval as periodical logging as shown in Figure 4.

Opt2: Perform logging with the time interval specific for OOC. 

As discussed in previous section, option 2 is better since the time interval for periodical logging may be relatively large comparing to the coverage hole, to avoid the case that no measurement will be obtained during OOC, it is preferred to have a specific interval for logging. Therefore, in this case, the periodical logging will take the form as shown in Figure 5. The behavior is when OOC happens during periodical logging, the UE will log when entering the event and continue to perform logging with a time interval specific configured for OOC. UE will also perform logging when it leaves the event, and continue to log with the time interval configured for periodical logging if T330 is still running. 
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Figure 5 Enhanced Periodical logging 
Proposal 5: If out-of-coverage happens during periodical logging, the UE will continue to log during OOC event with the time interval specific configured for OOC.
For the out-of-coverage measurement reporting, the logged MDT report information in LTE can be baseline. However, since we have introduced some enhancement for NR MDT, e.g., location information and beam measurement, it is also beneficial to considered these measurement for out-of-coverage measurement and report.
Proposal 6: The following general enhancement for NR MDT could also be introduced for out-of-coverage measurement and report (included in each entry).

locationInfo enhancements (e.g. GNSS location information, UE speed, UE orientation, uncompensated barometric pressure measurement)

measResultCampBeam (e.g. SSB index, CSI-RS index, (rsrp, rsrq, sinr) of camping beam)

measResultNeighBeams ((1..maxFreq) OF (1..maxCellReport) OF (1..maxBeamReport) OF (rsrp, rsrq, sinr)) 

Conclusion and proposals

Based on above discussion we have following observation and proposals:
Observation 1: Event Trigger only logs when event is triggered and when leaves the event while event periodical logs when enters and leaves the event as well as during the event with defined interval.
Observation 2: Normal logging behaviour with large logging interval may miss the chance to record out of coverage problem when coverage hole is small. While a unified short interval for both periodical logging and event trigger periodical logging increases UE power consumption and exhausts UE’s memory.

Observation 3: Logging duration is the maximum duration for logging, which starts after reception of log configuration, and no logging will be performed after expiration of the duration, which is used to guarantee the configuration validity and to prevent UE from unstoppable logging.

Observation 4: “Pure” periodical logging, e.g., no logging can be performed during OOC, is not a desirable behavior as no information will be provided to help identify coverage hole problem. 
Observation 5: Periodical logging defined in LTE will continue to log with the same time interval during OOC event, and indication will be included in the log to indicate it is obtained during OOC. 
Proposal 1: It is kindly asked that RAN2 confirms the agreements is that a UE can be configured with periodical logging or event triggered periodical logging.
Proposal 2: At least for out-of-coverage event, specific logging interval, e.g. different from that of normal periodical logging, can be introduced.

Proposal 3: Logging duration specified for periodical logging shall also applies to event triggered case, e.g., OOC. 

Proposal 4: Take LTE periodical logging as baseline, i.e., UE will continue to log if out-of-coverage happens in periodical logging. 
Proposal 5: If out-of-coverage happens during periodical logging, the UE will continue to log during OOC event with the time interval specific configured for OOC.
Proposal 6: The following general enhancement for NR MDT could also be introduced for out-of-coverage measurement and report (included in each entry).

locationInfo enhancements (e.g. GNSS location information, UE speed, UE orientation, uncompensated barometric pressure measurement)

measResultCampBeam (e.g. SSB index, CSI-RS index, (rsrp, rsrq, sinr) of camping beam)

measResultNeighBeams ((1..maxFreq) OF (1..maxCellReport) OF (1..maxBeamReport) OF (rsrp, rsrq, sinr)) 
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