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1. Introduction
Location information is considered as a crucial factor for MDT results. In RAN2#76 meeting, it was agreed to enhance availability of detailed location information for immediate and logged MDT. And an email discussion [1] is continued on the topic. During the email discussion, we proposed on-demand location solution 5 that the RAN performs positioning measurements (e.g. the measurements for TA+AoA) and adds the location information to MDT results, which is:

MDT requests to do measurements for positioning purpose (e.g. the measurements for TA+AoA) is performed by the network. The RAN performs the positioning measurements and adds the detail location information to MDT trace records. 

In this contribution, we would like to provide some details of this solution and the cooperation with other positioning methods.
2. Discussion
2.1. TA+AoA Positioning Method

TA+AoA positioning is one of Enhanced Cell-ID positioning methods. It calculates UE location basing on the position of serving cell, the Angle of Arrival, and the distance between UE and serving cell which is obtained by Timing Advance. 
In LTE LCS, AoA is measured in eNB. And for TA, there are two ways to obtain:

1) TA Type1: UE reports the UE Rx – Tx time difference via RRC signaling. The eNB calculates the TA according to the UE Rx – Tx time difference and the eNB Rx – Tx time difference measured by itself. The formula is defined as below:

TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference)
2) TA Type2: eNB obtains the Timing Advance via non-contention based random access procedure.

Figure 1 shows an example of LCS positioning procedure with TA+AoA.
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Figure 1 TA+AoA positioning with LCS architecture

1. UE as a LCS client requests a location service. This message may include a LPP container, which indicates its LPP-related capabilities to E-SMLC.
2. According to the location service request and UE related capabilities, E-SMLC choose the TA+AoA positioning method. E-SMLC requests eNB to report measurements with LPPa message, which indicates the measurement quantities, e.g. AoA, TA type1 or TA type2.
3a/3b. eNB triggers related procedures to obtain TA and AoA measurements.

4. eNB responses the measurements to E-SMLC via LPPa protocol.

5. E-SMLC calculates the UE location with obtained information, and returns the location result to UE.
2.2. The Application of TA+AoA for MDT

Among the positioning methods specified in 3GPP, TA+AoA positioning is one kind of complete network based positioning method without the restriction of UE positioning capability. For MDT, the detail location information is very important. However, most positioning methods would cause more UE power consumption and require UE positioning capability. Therefore, we introduce TA+AoA positioning (on-demand location solution 5 in [1]) for the obtainment of MDT location information.
As the description in [1], on-demand location solution of TA+AoA is a method that is independent of the existing LCS architecture and can be totally realized in the eNB. The eNB performs TA and AoA measurements when starting a MDT task for a connected UE. The eNB correlates MDT measurement results with the positioning measurements (e.g. TA and AoA), or with the location information calculated by the eNB (e.g. according to TA and AoA). 
In the solution, AoA measurement is performed in the eNB. As for the obtainment of TA, there are at least three methods as shown in figure 2:


[image: image2.emf]UE

eNB

Measurement control

Measurement report

1.TA Type 1 

3. eNB maintains 

the timing advance 

of the UE

Meanwhile, eNB 

measure eNB Rx-Tx 

time different

2. TA Type 2 : Non-contention based random 

access procedure


Figure 2 TA Obtainment
Alt1: TA Type1. 
As described in 2.1, this method needs the measurement reported from UE. Some UEs may do not support to report UE Rx-Tx time difference. Whether UE supports the UE Rx – Tx time difference measurement or not could be indicated via RRC signalling. And then the eNB could choose the method based on the capability indicator. If the capability of reporting UE Rx-Tx time difference is not introduced, the eNB still could use try-failure way to know the UE capability and decide whether use TA Type 1 for positioning.

In fact, it is very easy for the UE to support reporting UE Rx-Tx time difference since the result is always maintained in physical layer for UE uplink transmission. So it is possible to require Rel-11 MDT UE to support the reporting similar to UTRA UE.
Alt2: TA Type 2. 
It just needs to trigger a non- contention based random access procedure and hasn’t any requirement for UE capability. It could be used for all UEs, no matter which release the UE is.
Alt3: eNB can maintain the timing advance for the UE and use it as TA measurement. 
Alt3 is not specified in current specification and it is just an eNB internal implementation. Although it may be less accurate than TA Type1 and TA Type 2, it still could be considered to be used for MDT since it needn’t any UE assistance, e.g. the UE needn’t to report any positioning measurement results and needn’t to send dedicated preambles for positioning purpose.
Which method will be used for TA measurement depends on the practical implement. No matter which one is used, since eNB can obtain the TA and AoA by itself or with some limited UE assistance, it doesn’t impact any other network nodes.
The following gives an example of using TA+AoA positioning method for MDT. In this example, the UE reports the MDT measurement results, and the eNB gets the location information by TA+AoA, then the eNB correlates them as the final MDT results.
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Figure 3 UE performs MDT measurements

In figure 3, UE collects MDT measurements. When eNB receives MDT measurement results reported by UE, eNB has two ways to handle the UE’s location information and then correlates it with MDT measurement results. One way is that the eNB calculates the UE’s location based on TA and AoA measurements itself. The other way is that the eNB doesn’t calculate the location information, and just reports TA, AoA and E-CGI of serving cell as MDT location information. How eNB obtains TA and AoA measurements depends on the eNB implementation, e.g. it can choose any of the alternatives mentioned above.
If MDT measurements (e.g IP throughput) are collected by the eNB, the eNB can also use TA+AoA positioning method for MDT location information, and then correlate the MDT measurements with the location information.
2.3. Cooperation with standalone GNSS

If the UE supports standalone GNSS, it could let the UE to get the location information from standalone GNSS for MDT first since its positioning accuracy is higher than other positioning methods. But as GNSS may not be used for the scenarios, e.g. indoor or someplace it could not receive GNSS signal, it is necessary to consider other method to provide location information. The following gives an example for cooperation of TA+AoA with standalone GNSS.
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Figure 4 Cooperation with standalone GNSS and TA+AoA positioning method
As shown in Figure 4, the eNB selects a UE which supports standalone GNSS to perform MDT measurements. If during a predefined time, the eNB could not receive the UE detail location information (i.e. GNSS provided) or only could receive RF finger print, it could start TA+AoA related measurements and associates the location information with MDT measurement results. So at least TA+AoA could be the complement with standalone GNSS.
2.4. Benefits of TA+AoA for MDT
Although on-demand location solution 5 is only applicable to Immediate MDT, it has many benefits as follows：
· It doesn’t require UE positioning capability. It could be used for all UEs that support MDT function.
· The location information is realized within eNB, which is independ of the existing LCS architecture. It does not require interaction with MME and E-SMLC. Therefore it avoids impacts on existing LCS architecture, reduces signaling overhead between eNB and E-SMLC, and furthermore reduces the delay when obtaining UE location.
· Reduce UE power consumption. Do not require UE to perform positioning measurement. 
· Processing of positioning measurements can be done off-line. If eNB doesn’t calculate the detail location with TA and AoA measurements by itself, it can send MDT results with TA, AoA and E-CGI of serving cell to TCE. And TCE would calculate UE detail location information offline. However, it is not sure that the complexity for eNB to calculate detail location and whether TCE has the ability to process positioning measurement offline. This aspect needs further consideration.
· It can have a good cooperation with standalone GNSS.
Considering the above benefits, we propose:
Proposal: Consider TA+AoA positioning method as one of the methods when obtaining location information for MDT.
3. Conclusion

In this document, we give a more detail description of the application of TA+AoA positioning method in MDT and analyse its benefits. We propose:
Proposal: Consider TA+AoA positioning method as one of the methods when obtaining location information for MDT.
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