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Discussion
1 Introduction 

In the last meeting, we discussed in [1] if we need to keep logging during OOS (out of service). This paper addresses what reasonable MDT handling for this case is. 

2 Discussion 
There is no concept of OOS in LTE. Instead, OOS in idle mode can be in general modelled by the UE in either of Camped on Any Cell state or UE in Any Cell Selection state. In the following section, we will investigate alternative solutions for each state, and derive some tentative conclusions. Based on these conclusions, proposals will be suggested. 
2.1 Serving cell in Camped on Any Cell/Any Cell Selection states 

Currently when MDT logging is done, serving cell is included by default. 

In Camped on Any Cell selection state, UE is camped on an acceptable cell.

· 
Serving cell can be defined in this substate, and camped acceptable cell is the serving cell

· 
The acceptable cell may be a cell of another PLMN which UE in Camped Normally should not select or a cell of forbidden TA or a non-member CSG cell.  
In Any Cell Selection, UE is still searching for an acceptable cell. 
·  
Serving cell/neighbour cells cannot be defined. 
2.2 Alternative1: UE logs something at RRC_IDLE substates other than Camped Normally
Depending on what information is included in MDT log, three choices are foreseen: 
·  
Alternative1a: UE performs logging normally as it does in Camped Normally state

· 
Alternative1b: UE performs logging normally with exception that serving cell is not included  

·  
Alternative1c: UE performs logging only time and location without cell information  

One consideration is that, in this family of alternatives, the log may include measurement of another PLMN for which MDT configuration is not actually concerned or the cell UE should not select during Camped Normally. Such MDT log could be incorrect source to draw coverage map, and what is worse could be that MDR server mistakenly think of the MDT log of another PLMN or unacceptable cell to be a valid coverage. To avoid the confusion of whether or not the MDT log entries in MDT log is relevant for correct PLMN or accessible cell, any alternative of this family should provide means to resolve this confusion. 
Alternative1a: UE performs logging normally as it does in Camped Normally state
In this alternative, UE keeps logging normally regardless of its RRC_IDLE substates. 
In this alternative, confusion suggested above can be resolved by additionally including an indication, in MDT log entry, on whether the entry is collected during camping suitable cell or not. If operators want to further know the type of forbidden access for the UE in Camped on Any Cell selection, more information may need to be included in each MDT log entry   
It should be noted that this alternative cannot be applied to the UE in Any Cell Selection state because the UE is still seeking for acceptable serving cell. Accordingly neighbour cells cannot be also determined. Now UE should be making best effort to find any acceptable cell during Any Cell Selection, it would be difficult to mandate UE to do something else. What cells should/could be measured in this substate is already implementation dependant according to current specification.  
Another issue with alternative1a is that, in case the UE is camping on a cell of another PLMN with which MDT configuration is not associated, location information (e.g., radio environment finger prints) for the ‘desired’ PLMN may not be always available when logging is actually done, unless stand-alone positioning device (e.g., GNSS) is always working along. Then UE may need to perform additional measurements to acquire location information, but this is never desirable. 
Location information based on radio environment fingerprints may not available for UE in Any Cell Selection, because serving cell and neighbour cells in Any Cell Selection state cannot be defined. Unless unless stand-alone positioning device (e.g., GNSS) is always equipped with, implementing alternative1a will be challenging to UE in Any Cell Selection sate 

Alternative1b: UE performs logging normally with exception that serving cell is not included  

This alternative just omits serving cell information in MDT log entry if the log is taken during Camped on Any Cell state, in order to avoid the confusion of MDT server whether logging is done under Camped normally or not 

In this alternative, the absence of serving cell can make MDT server distinguish whether the log entry is relevant for Camped Normally or not. 

Whether location information is always correct, as indicated in the part of alternative 1a, is also an issue here. 

Location information based on radio environment fingerprints may not available for UE in Any Cell Selection, as indicated in the part of alternative 1a.
Alternative1c: UE performs logging only time and location without cell information  

This alternative just omits cell information (serving & neighbour) in MDT log entry if the log is taken during Camped on Any Cell state, in order to avoid the confusion of MDT server whether logging is done under Camped normally or not 

In this alternative, the absence of cell information is an indication of MDT log during RRC_IDLE substates other than Camped Normally. 

Whether location information is always correct, as indicated in the last paragraph of alternative 1a, is also an issue here. 

Location information based on radio environment fingerprints may not available for UE in Any Cell Selection, as indicated in the part of alternative 1a
In summary in general all alternatives in ‘do something’ group may suffer from incorrect/unavailable location information. These alternatives should provide some additional information in MDT log entry to preventing MDT server from drawing wrong coverage map from MDT log of another PLMN or cells for which valid coverage is not actually relevant for the UE. 
2.3 Alternative2: UE does not log anything at substate of RRC_IDLE other than Camped Normally 

In this alternative, UE suspends logging during RRC_IDLE substates other than Camped Normally. 

Assuming that logging is done in a periodical manner, when MDT server identifies missing MDT entries in MDT log where log entries are periodically logged, it can estimate the time and location of the missing log entries, by using interpolation technique: MDT server will interpolate MDT log entry which precedes the missing log entry and another MDT log entry which follows the missing log instance to derive the estimated time and location of missing MDT log entries.  

Currently periodical logging is a baseline for MDT log in RRC_IDLE. It should be noted that the interpolation technique suggested in the above paragraph cannot work out with event triggered reporting, if it is introduced, for logged MDT, because preceding MDT log entry and following MDT log entry to be used for interpolation may not be available in MDT log collected by event triggered logging. 

However, even if such interpolation cannot be applied for MDT log with event triggered logging, the modest degradation of radio environment will be anyway well captured by the trajectory of periodical logging or event triggered logging results with alternative2.

By doing nothing, alternative 2 avoids the ambiguity of logging cell of incorrect PLMN or inappropriate cells for which valid coverage for the UE is not quite relevant. 

To our view, it seems quite fine for MDT UE to do nothing for MDT during RRC_IDLE substates other than Camped Normally. So we propose:
Proposal 1 UE performs MDT logging for RRC_IDLE only during Camped Normally. 
2.4 Timer handling during OOS
Finally we attempt to make it clear how MDT timers should behave in regard to OOS. In [2], we propose to apply the general principle that there is no event to stop MDT timer at RAT change or AREA change. This general principle can be applied to timer handling for the case when UE is in Camped on Any Cell/Any Cell Selection states. If OOS which is defined for UMTS is considered to be idle under the context of MDT, same handling can be applied such that MDT timers keep running during OOS. 
Proposal 2 Logging duration timer and 48h timer keep running irrespective of RRC_IDLE substates including OOS (both LTE and UMTS relevant)
3 Conclusion
Proposal 3 UE performs MDT logging for RRC_IDLE only during Camped Normally. 
Proposal 4 Logging duration timer and 48h timer keep running irrespective of RRC_IDLE substates including OOS (both LTE and UMTS relevant)
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