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Introduction
In the last RAN2 #101Bis meeting [1], there was a short discussion for logged MDT enhancement which is able to log Out-of-service (OOS) status. The OOS has been considered as a case that the UE is not able to detect any cells for which S criteria is fulfilled. 
In this contribution, we discuss to enhance logged MDT function to provide more efficient coverage information.
Discussion
1. Current Logged MDT Operation
Minimization of driving test (MDT) is a standardized mechanism introduced in Release 10 to provide operators with network performance optimization tools in a cost efficient manner. One of MDT mechanism, Logged MDT is the procedure by which the UE performs logging of measurement results during RRC_IDLE and reporting of the logged measurement results. In the current LTE specification, the UE in RRC_IDLE performs the logged MDT in camped normally state only. Thus, the logged MDT feature cannot support to log any information from Out-of-Service (OOS) area.

Observation
1: In current logged MDT, UE performs the logging only when the UE is camping normally on a serving cell in RRC_IDLE.

The Out-of-Service area results in a lack of logged samples from the UE and can be caused by a few reasons: - 
- serving cell not measurable, 
- ‘any cell selection’ state, 
- ‘camped on any cell’ state,

- going to different RAT, 
- coverage hole, etc  
When the UE enters the coverage hole, the UE tries to find suitable cell or acceptable cell following the RRC_IDLE cell selection/ reselection rules. Then the UE stop logging measurement for MDT since the UE is not in camped normally state. When the UE later camped normally on a suitable cell, the UE restart logging measurement for MDT if available e.g. the UE camps on the same PLMN or Logging duration is not expiry. Since the UE stores not only RSRP/ RSRQ measurement results but also location and time information in the logged measurement, the network operator may able to estimate which area is coverage hole.
 However, it is very hard to figure out the accurate coverage area just with not-logged period only because the MDT mechanism doesn’t force to perform logged measurement at every logging interval. For example, if the UE in RRC_IDLE is in (e)DRX mode or Power Saving Mode (PSM), the UE may not wake up for the logged measurement at every logging interval. For another example, if the UE in RRC_IDLE detected IDC problems and the IDC problem is not resolved, the UE suspends the logged measurement until the IDC problem is resolved. For the other example, if the UE in RRC_IDLE temporally suffers radio deviation at the logging interval due to UE’s RF problems or other obstacles, the UE may not log the measurement also. In the current LTE system, even though the network tries to guess more accurate coverage hole e.g. without (e)DRX or PSM configuration, it is very hard to infer exact coverage status because of above kind of reasons.
Observation
2: NW cannot exactly infer the reason of OOS area from logged measurement results.
Observation
3: Out-of-Service term does not identify the UE state uniquely.
2. Proposed Logged MDT Enhancement
Following the figure 1 referred by TS 36.304 is showing the states, state transitions and procedures in RRC_IDLE [2]. In our view, the red coloured arrows are showing the case that the UE may be in the coverage hole i.e.  the UE is not able to detect any cells for which S criteria is fulfilled.  

. Since the network operator doesn’t need to consider other network’s coverage information, we think the UE doesn’t need to perform logged measurement for the OOS that covers variety of reasons (including the ‘camped on any cell state’). Therefore, to be able to analyse operator’s own network topology and coverage analysis, it will be beneficial to log in addition only the ‘any cell selection state’ which is transited by no suitable/ acceptable cell detection.
Proposal
1: UE optionally performs the logging even in any cell selection state.
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Figure 1: States and State Transition in IDLE
 In our view, it is possible to log the‘any cell selection state’ area information simply by removing the restriction of logging in camped normally state. Since the logged MDT procedure is supposed to just logs the measurement results at the each logging interval for the logging duration, we think the our solution also doesn’t require additional other procedure which may cause the UE’s power consumption due to log the‘any cell selection state’ area. Therefore, we propose that the UE log the ‘any cell selection state’ status at the logging interval during the logging duration if the UE in any cell selection state which is no suitable cell.
Proposal
2: UE logs the ‘Any cell selection’ status when it performs the logging in any cell selection state if required.
Conclusion

In conclusion, we propose the followings: 
Observation
1: In current logged MDT, UE performs the logging only when the UE is camping normally on a serving cell in RRC_IDLE.
Observation
2: NW cannot exactly infer the reason of OOS area from logged measurement results.
Observation
3: Out-of-Service term does not identify the UE state uniquely.
Proposal
1: UE optionally performs the logging even in any cell selection state.
Proposal
2: UE logs the ‘Any cell selection’ status when it performs the logging in any cell selection state if required.
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NAS indicates that registration on selected PLMN is rejected�(except with cause #12, #14 ,or #15  or #25 [5][16])
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