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1 Introduction
The Rel-10 mechanism of obtaining location information for MDT is in a best-effort way, which limits the practicability of MDT function. In this contribution we firstly list some scenarios which the current mechanism cannot work well and secondly discuss two potential ways to enhance the location information obtaining mechanism.
2 Discussion
2.1 Necessity of location information enhancement for MDT
The location information for Rel-10 MDT is based on available location information in the UE. For instance, the logged MDT measurements are tagged by the UE with location data in the following manners [1]:
-
ECGI or Cell-Id of the serving cell when the measurement was taken is always included in E-UTRAN or UTRAN respectively

-
Detailed location information (e.g. GNSS location information) is included if available in the UE when the measurement was taken. If detailed location information is available the reporting shall consist of latitude and longitude. Depending on availability, altitude may be also additionally included. UE tags available detailed location information only once with upcoming measurement sample, and then the detailed location information is discarded, i.e. the validity of detailed location information is implicitly assumed to be one logging interval.
-
If detailed location information is not available when the measurement was taken, the UE includes RF fingerprint information consisting of: PCI/PSC + RSRP/CPICH RSCP for up to 6 intra-frequency neighbour cells

Similar to logged MDT, immediate MDT measurements are also tagged by the UE with location data. The detailed location information (e.g. GNSS location information) is preferred. But when GNSS location data are not available, the intra-frequency neighbour cell measurement information can be used to determine the UE location (RF fingerprint). 

It can be seen from the current mechanism that GNSS location information is not always available in the MDT log/report. In the following three cases the MDT logs/reports will not include the GNSS location information.
· Case 1: The place where the MDT measurements are taken is out of the coverage of GNSS. For instance, the UE stays indoor and far away from windows.

· Case 2: For the sake of power saving, the GNSS module is often turned off. 
· Case 3: The timing between UE performing GNSS positioning and MDT measurement collection mismatches. I.e., for logged MDT, GNSS information doesn’t fall into the logging interval. For immediate MDT, the report is transmitted beyond the validity time after the GNSS location information was obtained.
When the MDT logs/reports don’t include the GNSS location information, the network has to use the measurement results (e.g. RSRP) for up to 6 intra-frequency neighbour cells to determine the UE’s location, which is so-called RF fingerprint. The validity of location information obtained in this method depends on the granularity of RF fingerprint database which maintains the mapping between RF measurement results and detailed location information. The fingerprint database is established by the operators’ daily drive testing. In the following cases, however, the RF fingerprint based method cannot provide valid location information.

· Case A: The place where the MDT measurements are taken is out of the scope of daily drive testing. For instance, figure 1 shows an example drive testing grid of a city in China. The blue lines are the route of daily drive testing, where there is accurate and up-to-date RF fingerprint information. The other areas, e.g. residential or commercial areas, are difficult to perform sufficient drive testing. For these areas the operator doesn’t have enough information related to the mapping between RF measurement results and the detailed location information. So RF fingerprint based method cannot work well in this situation.
· Case B: According to idle mode specification, some rules are used by the UE to limit needed measurements. Therefore, in some cases, especially when the radio condition of the serving cell is good, it is likely that no neighbour cell measurement could be reported with measurement results of the serving cell.
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Figure 1: An example of RF fingerprint established by the drive testing
From the above descriptions, we can see that it is likely that neither GNSS location information nor sufficient RF fingerprint information is available. In this case, the MDT logs/reports become useless due to lack of reliable location information. Therefore, in order to ensure the usefulness of MDT data, we propose RAN2 to investigate possible enhancements to improve the availability of accurate location information.
Proposal 1: RAN2 is kindly asked to investigate possible enhancements to improve the availability of accurate location information for MDT purpose.
2.2 Potential solutions for enhancing location information
In this subsection, we list two kinds of solutions which are promising to provide accurate location information for MDT.

· Solution 1: Valid location information can trigger MDT measurement collection
In this solution, a new event, i.e. availability of valid location information (GNSS or other detailed location information) at the UE, should be involved to trigger MDT measurement collection. If the UE is configured with this new MDT event, the MDT measurement collection should be triggered when this UE is obtaining valid location information. This method, which is applicable for both logged and immediate MDT, can increase the probability of successful timing match between available location information and MDT measurement collection. Furthermore this solution doesn’t have much impact on both the UE and the network, as the UE does not perform additional measurements but just records existing data in some specific occasions. However this method just provides a more efficient way to utilize the existing detailed location information. It cannot address the case 1 and 2 described in subsection 2.1.
· Solution 2: MDT measurement collection can trigger location positioning procedure
There exist two ways to trigger the positioning procedure. One is that the UE configured with MDT could autonomously activate GPS receiver or start an LCS session when MDT measurement collection is performing but without available GNSS location information. This method can be applied to both logged and immediate MDT. The other is that the eNB can send a request towards the UE for obtaining the detailed location information (from GNSS or LCS). This method is only applicable for immediate MDT. These two ways could provide more accurate location information data than the current mechanism but it would cause additional power consumption and signalling overhead.
Proposal 2: RAN 2 is kindly asked to consider the above two solutions for MDT location information enhancement.
3 Conclusion
In this contribution, we discuss the necessity of enhancing the mechanism of obtaining accurate location information for MDT and list two potential solutions.
Proposal 1: RAN2 is kindly asked to investigate possible enhancements to improve the availability of accurate location information for MDT purpose.
Proposal 2: RAN 2 is kindly asked to consider the above two solutions for MDT location information enhancement.
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