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1	Introduction
To improve the availability of detailed location information in indoor environments and optimize the indoor network performance, in this contribution we would give our considerations on introducing Bluetooth/WLAN measurement collection in MDT.
2	Discussion
2.1	Motivation
Minimization of driving test (MDT) is a standardized mechanism introduced from Release 10 to provide operators with network performance optimization tools in a cost efficient manner. To make effective MDT, different use cases are identified including coverage optimization, capacity optimization, mobility optimization, parameterization of common channels and QoS verification.
Now MDT has been widely piloted in 16 cities in China involving about 10000 eNBs and 30000 cells of China Mobile. Compared to traditional drive test (DT), the valid sample data (i.e., measurements with detailed location information) volume obtained through MDT is 126 times larger than DT in urban area, and is 17 times larger in rural areas. From deployment experience, we see that MDT significantly increases operators’ working efficiency and effectively helps optimizing the outdoor network performance, which is attributed to plenty of UEs supporting MDT and available coverage of GPS in outdoor scenario.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Today more and more data traffic generate from within buildings and more calls are made from indoor than outdoor. The indoor data traffic now accounts for around 60%-70% of the total volume. Thus the indoor measurement report from MDT is very important from network planning and optimisation point of view. However, MDT doesn’t play an effective role in indoor environments due to the low location accuracy. 
Accurate location information is crucial for MDT, because operators need to identify the place where the measurement was performed and inaccurate locations may mislead the network to locate the problem in a wrong area. The ways to locate UE in the current MDT specification include RF fingerprint, GNSS location information and UE positioning in E-UTRAN (i.e., A-GNSS, E-CID, etc). RF fingerprint is available for most of the time, but it is of little use to the network because the accuracy of this method is around 50 meters. GNSS and UE positioning in E-UTRAN can provide more accurate location information, but they cloud not work well indoors due to the signal loss. Because of that, higher location accuracy is needed for indoor scenario. 
Observation 1:  [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Due to lack of accurate location information, MDT is not effective in the indoor environment. 
2.2	New measurement collection
To make MDT effective indoors, Bluetooth and/or WLAN can be used which has been widely deployed or is easy to be deployed indoors. The network can make use of Bluetooth or WLAN measurements including beacon/ AP identifiers, Time Stamp and RSSI, to determine the location of the UE. The UE measures received signals from Bluetooth beacons or WLAN APs. Using the measurement results and a references database of location information of the transmission points, the location of the UE is calculated. 
We carried out a field test on our indoor network to demonstrate the location accuracy of Bluetooth method. The spots 1-37 in Fig.1 are the chosen test points, therein to the red points 1-18 are the physical locations of Bluetooth beacons. The test results are listed in Table 1 where the mean error and standard deviation of each test point is given. For the good points, the accuracy is less than 0.2 meters. The bad points usually occur at the edge of the rooms or multi-partitioned enclosed space. Even if in this scenario, the accuracy is still less than 12.7 meters. This test verifies that in most cases the Bluetooth method could achieve a relatively higher location accuracy ranging from 0.2 meters to 13 meters. 
[image: C:\Users\cmri\Desktop\1.png]
Figure 1   Deployment of Bluetooth beacons


Table 1     Actual test results of Bluetooth location accuracy
	No.
	mean errors
	std
	remarks
	
	No.
	mean errors
	std
	remarks

	1
	0.028
	0.019
	Good point
	
	19
	7.3
	2.1
	bad point

	2
	0.049
	0.004
	Good point
	
	20
	12.6
	1.2
	bad point

	3
	0.029
	0.024
	Good point
	
	21
	4.4
	1.3
	mid point

	4
	0.037
	0.0013
	Good point
	
	22
	4.9
	0.76
	mid point

	5
	0.028
	0.016
	Good point
	
	23
	12.4
	1.1
	bad point

	6
	0.043
	0.049
	Good point
	
	24
	5.1
	2.1
	mid point

	7
	0.086
	0.088
	Good point
	
	25
	10.6
	0.22
	bad point

	8
	0.070
	0.057
	Good point
	
	26
	5.9
	0.04
	mid point

	9
	0.074
	0.046
	Good point
	
	27
	12.7
	4.1
	bad point

	10
	0.017
	0.002
	Good point
	
	28
	8.8
	0.5
	bad point

	11
	0.083
	0.128
	Good point
	
	29
	5.6
	1.2
	mid point

	12
	0.043
	0.036
	Good point
	
	30
	5.3
	2.3
	mid point

	13
	0.015
	0.012
	Good point
	
	31
	9.4
	2.9
	bad point

	14
	0.125
	0.146
	Good point
	
	32
	6.1
	1.9
	mid point

	15
	0.165
	0.298
	Good point
	
	33
	3.4
	1.6
	mid point

	16
	0.060
	0.039
	Good point
	
	34
	8.7
	0.13
	bad point

	17
	0.044
	0.003
	Good point
	
	35
	11.3
	0.03
	bad point

	18
	0.050
	0.045
	Good point
	
	36
	10.0
	0.008
	bad point

	
	
	
	
	
	37
	7.7
	0.44
	bad point


Sometimes we don’t need to calculate the detailed location of a specific UE, just Bluetooth beacons are enough for identifying the coverage of our network. Fig.2 shows the result of a pilot project we conducted. The spots mark the places of the Bluetooth beacons. The accurate Bluetooth beacon locations could be learned from engineering drawings. When receiving Bluetooth measurements (i.e., beacon identifiers and RSSI) and associated with cellular measurements (e.g. RSRP/ SINR) from the UEs, the network would autonomously associate the RSRP/SINR values to the corresponding Bluetooth beacon location. Once a week RSRP/ SINR value is detected, the professionals who are responsible for network optimization would immediately recognize the weak cellular coverage area based on the corresponding Bluetooth beacon location. This is to realize automatic inspection of weak coverage areas and to reduce the load of manual test.
[image: ]
Figure 2  RSRP coverage diagram

[bookmark: OLE_LINK5]From our test results, it can be found that Bluetooth measurements from UE are effective for locating the position, which is really helpful for MDT indoors. Therefore, we propose that new measurement collections for Bluetooth and/or WLAN are required in indoor environment for MDT. For both cases, at least RSSI values and device identifiers should be collected and reported. The device identifier refers to the BSSID and (optionally) SSID of the WLAN AP or the MAC address of the Bluetooth beacon. Except for the RSSI values and device id, some additional information for example, time stamp and round trip time may also useful when calculating the location of a specific UE and could be reported. Of cause the UE power consumption should be also considered, so we should still follow the principle of obtaining other MDT results, which is the measurement results should be purely rely on the measurements available in the UE. It means the Bluetooth or WLAN measurement collection in MDT will never trigger UE to perform measuring in Bluetooth or WLAN.
Proposal 1:  Introduce WLAN/Bluetooth measurements and corresponding collection procedure in MDT. The measurements include at least RSSI values and transmission point identifiers (i.e. BSSID and SSID of the WLAN AP and MAC Address of the Bluetooth beacon). Round trip time could be reported optionally.
Proposal 2:  The WLAN/Bluetooth measurements should rely on the measurements already available in the UE.
As we all know, the location would be more accurate with more measurement results. To ensure the indoor MDT performance, collections for multiple WLAN APs or Bluetooth beacons are necessary. The detailed quantity could refer to [2] or [3] which are up to 32 WLAN APs for WLAN measurements and up to 32 Bluetooth beacons for Bluetooth measurements. 
Proposal 3:  The WLAN measurements for up to 32 WLAN APs could be reported simultaneously.
Proposal 4:  The Bluetooth measurements for up to 32 Bluetooth beacons could be reported simultaneously.
2.3	Measurement configuration & reporting procedures



Figure 3  Procedures for logged MDT


Figure 4   Procedures for immediate MDT


For Logged MDT, Network initiates the procedure to UE in RRC Connected by sending LoggedMeasurementConfiguration message, which is used to transfer configuration parameters. For Immediate MDT, the configuration for UE measurements is based on the existing RRC measurement procedures for configuration and reporting with some extensions for location information. The basic MDT measurement configuration and reporting procedures could be followed for indoor location purpose.
To indicate the network problems for a specific location, RLF report is extended in Rel-10 to include the available location information on where RLF occurred, and RCEF reporting is introduced in Rel-11 to indicate where the UE RRC Establishment is failed to one eNB. In our understanding, the enhanced procedures are also meaningful indoors and should also be supported.
Proposal 5:  The existing MDT measurement configuration and reporting procedures (i.e., logged MDT, immediate MDT, RLF report and RCEF report) can be used for indoor location purpose without further optimization.
3	Conclusion
In summary, our considerations are list below:
Observation 1:  Due to lack of accurate location information, MDT is not effective in the indoor environment. 
Proposal 1:  Introduce WLAN/Bluetooth measurements and corresponding collection procedure in MDT. The measurements include at least RSSI values and transmission point identifiers (i.e. BSSID and SSID of the WLAN AP and MAC Address of the Bluetooth beacon). Round trip time could be reported optionally.
Proposal 2:  The WLAN/Bluetooth measurements should rely on the measurements already available in the UE.
Proposal 3:  The WLAN measurements for up to 64 WLAN APs could be reported simultaneously.
Proposal 4:  The Bluetooth measurements for up to 32 Bluetooth beacons could be reported simultaneously.
Proposal 5:  The existing MDT measurement configuration and reporting procedures (i.e., logged MDT, immediate MDT, RLF report and RCEF report) can be used for indoor location purpose without further optimization.
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