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1
Introduction
RAN2#72 made following agreement on the validity of the reported Location Information:

1) The UE should include the available accurate location information only once in an immediate measurement report

2) For both event based and periodic reporting, the accurate location information can only be included if the report is transmitted within "validity time" after the accurate location information was obtained.


- FFS if "validity time" is configurable or specified in standard


This paper discusses the issues related to validity time and proposes the way forward.
2
Discussion

The intention is to avoid UE from having to include the location information in the MDT report if it has become outdated and hence provide only valid information about the UE location at the time of collecting the measurement data. The problem is especially relevant when GNSS method is used as the source for the location information. GNSS location sampling will be asynchronous with respect to the radio measurements for MDT. The location information may not be always available even though the GNSS reception is active. The satellite signals may be lost every now and then and valid UE position cannot be determined continuously.
Now, there should be means to identify when the available location information is still meaningful for the MDT reporting. There will obviously be different behavior with periodical and event based reporting.

The validity of the location information is dependent on the UE speed. The time offset between the determination of location information and the MDT measurement time instant will increase the error of the location information proportionally to the UE speed. Hence, it is justified to set a limit to the validity period of the location information in order to limit the deviation of the sampled UE position from the actual position when the MDT measurement takes place. 
As said, the validity time would be relative to the UE velocity. However, the methods for speed estimation are typically not very reliable. The mobility states (low, medium, high), which are in current specification, could be options for inputs to determine appropriate value for the validity time. However, mobility states are based on UE history, i.e. how it has been moving in the network and done handovers. The earlier mobility does not guarantee continuous movement of the UE with the same velocity. E.g. in urban areas UE speed often changes very frequently (e.g. when moving from traffic lights to the next ones) making it difficult to determine an optimum value for the validity time based on the mobility state. And, even if the configured value was correct at the time when configuring, the situation may change when the actual measurements are done.

The usage of the GNSS will be UE implementation dependent. The activation and configuration will normally be done by certain application and hence the GNSS operation is not necessarily controlled by the modem. The periodicity to provide new coordinates and relative timing could be independent from modem operation and timing. Hence, checking the location validity itself will be dependent on the implementation. So if a modem e.g. regularly checks location information (more often than validity time dictates), it may be that the GPS unit itself is still keeping old information and providing it to modem. Therefore it will be difficult (or even impossible) to put any specific requirements for validity checking as it may not really be justified to specify in 3GPP any requirements for application level functions. Nor it will be possible to test the function as the operation depends on the other applications running simultaneously with MDT measurements. 

Due to issues discussed above, it is preferred to define a fixed value for the validity time which can be a compromise for different mobility scenarios.

Proposal 1: Location validity time shall be fixed/non-configurable.

2.1 Periodical reporting
Previous RAN2 discussions have suggested a validity time of some seconds. With periodical reporting the reporting/logging interval itself can be used as the reference for the location validity. The shortest periodicities can be used as such for the validity time. Whenever new location information is available since last reporting instant, it can be included in the report. 

The reporting periods for immediate reporting are 0.12s, 0.24s, 0.48s, 0.64s, 1.28s, 2.56s, 5.12s, 10.24s, …, 60min. Taking 30km/h as a compromise speed and assuming target location accuracy better than 50m, we end up to accept periods up to 5.12s for the validity time.
With reporting periods longer than 5.12s, the actual location could deviate too much from the reported one and separate time period has to be specified. The problem with the time difference between the location and measurement sampling time instants will remain the same. Considering the principle of using fixed validity time, the same value (5.12s) could be used also for the longer reporting periods.

Proposal 2: For periodical reporting the validity time shall be the reporting interval up to 5.12s period. For longer intervals the validity time shall be fixed to 5.12s.
The 1st sample of the periodical measurement will not have the preceding reporting period suggesting that it should be treated in a specific way. Because the initiation of periodical reporting can happen any time, there may not be appropriate reference available for the UE to verify the validity of the location information. Hence, to allow simplified UE implementation UE shall be allowed to leave the location information out from the 1st reported sample.

Proposal 3: UE is allowed to leave the first sample of the periodical reporting without location information.
2.2 Event based reporting

The event based reporting corresponds to the 1st sample of the periodical reporting. Therefore, same principles can be used, i.e. fixed validity time of 5.12s can be used.

Proposal 4: Fixed validity time can be used for event based reporting with the same value as with periodical reporting i.e. 5.12s.

3
Conclusion
In this paper we have discussed the options related to location validity. The proposals to determine the validity of the location information for MDT reporting are following.
Proposal 1: Location validity time shall be fixed/non-configurable.
Proposal 2: For periodical reporting the validity time shall be the reporting interval up to 5.12s period. For longer intervals the validity time shall be fixed to 5.12s.

Proposal 3: UE is allowed to leave the first sample of the periodical reporting without location information.
Proposal 4: Fixed validity time can be used for event based reporting with the same value as with periodical reporting i.e. 5.12s.
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