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Discussion and Decision
1. Introduction
In RAN2#69bis, it has been agreed that location information in MDT includes GNSS location information or RF fingerprint depending on whether a UE already has GNSS location information and this was captured in MDT stage 2[1].
- - - - - TS37.320 v0.5.0, 5.1.3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Location information is based on available location information in the UE. Thus, the Logged MDT measurements are tagged by the UE with location data in the following manner:

· ECGI of the serving cell when the measurement was taken is always included

· GNSS location information is included if available in the UE when the measurement was taken

· if GNSS 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

Editor’s note: It is FFS when GNSS location information is considered available for the logged measurement, e.g. the acceptable time lag.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
It has been also agreed that location information can be reported with UE’s best effort. However, it is not very clear what is included in GNSS information. So far, it is proposed to include "latitude" and "longitude" in GNSS location information in [2], but there is no agreement on this point. In this contribution, we discuss what information should be included in GNSS location information and show our preference. 
2. Discussion
Currently, although it has been agreed that location information can be reported with UE’s best effort, it is not clear what is actually included in GNSS information. Furthermore, in RAN2#70, it has been discussed whether a network can trigger a UE to obtain GNSS (e.g. GPS) location information at MDT measurement. The conclusion is that for now, we will not have network be able to configure RRC measurement with forced accurate positioning info [3]. So, it can be expected that the number of UE’s, (i.e. the number of MDT measurement reports) sending accurate location information, e.g. GNSS, is very small at least in REL-10. However, considering the target of MDT solution, the MDT measurement should reduce a cost due to manual drive test, even though accurate location information cannot be expected for most MDT measurement reporting. Therefore, when the content of GNSS location information is decided, it is very important to consider utilizing MDT measurement results efficiently as much as possible. We discuss this issue below. 
At first, it is discussed what information could be obtained by a GNSS receiver. Normally it can be expected that the following information can be obtained as GNSS location information. Other possible information is FFS.
· Latitude, 
· Longitude, 

· Altitude, 

· Accuracy

Needless to say, “latitude” and “longitude” are horizontal location information indicating a UE’s position in 2-dimension, and “altitude” is vertical location information required for indicating a UE’s position in 3-dimension in conjunction with latitude and longitude. For “accuracy” of location information, there will be some types of definition (e.g. horizontal error, vertical error, etc) and it will be terminal implementation matter based on e.g. operator policy which type is used. 
So far, it is proposed to include “latitude” and “longitude” in GNSS location information [2]. Since the benefit of using GNSS instead of RF fingerprint is to obtain more detail location information, it is clearly necessary that GNSS information includes latitude and longitude at least. In addition, “altitude” may be useful. This is because even in the same location in 2-dimension, the channel quality (e.g. RSRP/RSRQ) will be different e.g. among different floors in the same building. On the other hand, it should be noted that latitude, longitude, and altitude information may include some errors depending on its environment. For example, horizontal error in latitude or longitude may be e.g. around 10 meters or a few tens of meters in outdoor case, and around 100 meters or more in indoor case. The required resolution of GNSS location information will be up to operator policy, but anyhow accuracy of GNSS location information would be useful for making a coverage mapping based on the reported RSRP/RSRQ. In the following, we further discuss if altitude and/or accuracy should be included in GNSS location information. 
· Altitude: 

As stated above, if “altitude” information can be collected with MDT measurement results at network side, an operator can know the channel quality in 3-dimension. Thus, the operator can distinguish the MDT measurement results on ground/ lower floor from those on higher floor in a building, and can make a 3-dimensional coverage mapping. In addition, if the operator has a 3-dimensional map corresponding to the service area, the operator can understand the cause of e.g. coverage problems better. For instance, it is assumed that measurement results with bad channel quality on higher floor in a tall building are reported. If the building is surrounded by other tall buildings, the cause of bad channel quality would be a penetration loss on its building and also a propagation loss due to surroundings. Otherwise, the main cause would be the penetration loss on its building. 
One concern is that it is said in general that accuracy of altitude information is worse than that of latitude or longitude. Thus, altitude may or may not be useful depending on UE’s location. 

- Example solution: 

Once an operator obtains 3-dimensional information, the operator can perform the coverage optimization with considering the priority among different floor levels. For example, if the operator finds the channel quality on higher floor is worse than that on lower floor and a certain threshold, the operator may adjust the antenna tilt (e.g. uptilt) at the eNB. In another case, the operator may prioritize the coverage optimization in lower floor and adjust the transmission power (e.g. power up). 
· Accuracy: 

It can be expected that accuracy of GNSS location information will highly depend on UE’s location. So, in order to make a reliable coverage mapping, accuracy of GNSS location information could be useful. 
From different perspective, it can be expected that a certain amount of measurement results in each location should be collected statistically for performing e.g. coverage problem detection and coverage optimization. The measurement results with higher accuracy could be considered as reliable based on smaller amount of measurement results compared to measurement results with lower accuracy. Furthermore, generally the GNSS location information at indoor UE is less accurate than that at outdoor UE. Thus, it may be possible to distinguish MDT measurement results between indoor UE and outdoor UE. Note that since there will be more than one type of accuracy information for GNSS, the detail of accuracy information is FFS (stage-3). 

- Example solution: 
If accuracy is included in MDT measurement results reported from UE’s, a network makes a coverage mapping based on MDT measurement results including GNSS location information with high accuracy first. Then, the network adds more information to that coverage mapping based on MDT measurement results including GNSS location information with lower accuracy. Finally, the network will add a little bit rough information based on MDT measurement results with RF fingerprint, i.e. without GNSS information.

In the end, we propose to discuss in RAN2 what information should be included in GNSS location information for MDT. Based on the discussion above, we prefer to include “accuracy” in addition to “latitude” and “longitude” at this moment. For altitude information, we need further study.
Proposal: RAN2 discuss what information should be included in GNSS location information. 

3. Conclusion

In this contribution we discussed GNSS location information for MDT. Since the benefit of using GNSS location information instead of RF fingerprint is to obtain more detail location information, it is clearly necessary to include latitude and longitude. Furthermore, we prefer to include accuracy in GNSS location information as well.
Proposal: RAN2 discuss what information should be included in GNSS location information.
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