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1 Introduction
In RAN1 #80bis meeting, possible positioning enhancements solutions are analyzed for indoor scenarios. WiFi and Bluetooth seem interesting enhancements solutions to companies. 

Agreement: 
•       Existing WiFi and/or Bluetooth can be used for positioning and should be introduced in the TR as one of the potential enhancement techniques for RAT-independent indoor positioning.

–      Detailed measurement and reports are FFS
Further discussions on detailed measurement and report on WiFi/Bluetooth based positioning technologies to enhance indoor positioning performances are needed. In this contribution, the analysis on WiFi and Bluetooth based positioning technologies is provided.
2 Discussion on WiFi/Bluetooth based positioning technologies
In RAN1#80bis meetings, it is suggested that purely OTDOA based technologies may have difficulties to achieve vertical positioning accuracy within 3 meters [2][3]. Other methods are needed for more accurate vertical positioning. Cell ID based vertical positioning can meet the vertical positioning accuracy if small cell amount is sufficient [4]. Positioning accuracy can be further improved by introducing WiFi/Bluetooth based positioning technologies, since WiFi and Bluetooth are widely deployed and UEs generally have Wifi/Bluetooth capabilities. 
2.1 Possible WiFi and Bluetooth based positioning technologies for LTE
1) WiFi/Bluetooth based Cell ID method
To utilize WiFi or Bluetooth signals for positioning purpose, UE identifies ID of WiFi/Bluetooth and report it to the E-SMLC. BSSID, which is the MAC address of the Wifi/Bluetooth device, can be used as unique ID. Since the coverage of Wifi/Bluetooth is small (within 30 meters), high positioning accuracy is expected. 
One major issue is that the E-SMLC needs to know the exact locations of the Wifi/Bluetooth. 
· WiFi APs installed by operators may have available location data. Modifications of protocol are expected to obtain location information of APs.
· Many WiFi APs installed by individuals may not have location data. In this case, RFPM method is needed. Extensive Efforts to establish database are expected.
· Bluetooth devices may not have location data available. Besides, Bluetooth devices may change their location quite often, which makes RFPM database more difficult to establish. However, indoor proximity solutions for Bluetooth are possible, which makes it helpful to increase indoor positioning accuracy.
If there are a sufficient number of devices that can provide even floor location (not exact location), it may be sufficient for Wifi/Bluetooth based positioning technologies to achieve 3m vertical accuracy.
2) WiFi/Bluetooth based RFPM method
RF pattern matching methods are widely used. UE identifies ID and receiving power of WiFi/Bluetooth and report them to the E-SMLC. E-SMLC matches the measurement results with RF pattern database to produce positioning results. One major issue is that the E-SMLC needs to know RF environment information in order to perform positioning. Extensive Efforts to establish database are expected. Besides, Bluetooth devices may change their location quite often, which makes RFPM database hard to establish. Bluetooth may act as indoor proximity solution. If the database is accurate enough, it is likely that Wifi/Bluetooth based positioning technologies may achieve 3m vertical accuracy.
3) WiFi/Bluetooth based ECID method
ECID based positioning technologies need additional information such as RTT or AOA. It is uncommon for current devices to perform RTT or AOA. Unless the UE and wireless access points are specifically design for positioning purposes, it is unlikely that ECID based technologies could work for WiFi/Bluetooth.

If accurate AOA measurement can be performed, it is likely to meet 3 meter vertical positioning accuracy. 
4) WiFi/Bluetooth based TDOA method
TDOA based positioning technologies need near perfect synchronization between different access points. It is uncommon for current devices to perform RSTD measurement. Unless the UE and wireless access points are specifically design for positioning purposes, it is unlikely that TDOA based technologies could work for WiFi/Bluetooth.This method will improve RSTD measurement performances, especially in low SNR conditions. However, it is unlikely to meet 3 meter vertical positioning accuracy. 
2.2 New UE Measurement information for WiFi/Bluetooth based positioning technologies
Based on the previous discussion, the following measurements are needed for WiFi/Bluetooth based positioning technologies
· ID of WiFI/Bluetooth for CID/RFPM based positioning technologies

· Receiving signal strength indication (RSSI) of WiFI/Bluetooth for RFPM based positioning technologies 

· RSTD measurement if synchronization problem can be solved.

2.3 New Report information for WiFi/Bluetooth based positioning technologies
Based on the previous discussion, the following protocol modifications are needed for WiFi/Bluetooth based positioning technologies. It is recommended to modify protocol similar to legacy positioning technologies, e.g. ECID, OTDOA.
1. Modifications of Protocol enabling E-SMLC to get measurement report with New Wifi/Bluetooth related information. 
· Option A: Extending the existing RRC measurement report with WiFi/Bluetooth.

· UE sends measurement information via RRC

· Use LPPa (e.g. ECID IE) to transfer these information to E-SMLC
· Option B:  Use existing Location information transfer/delivery procedure in TS36.355 clause 5.3.
· UE sends measurement information, e.g. RSSI of Wifi/Bluetooth to E-SMLC. 

· E-SMLC calculates position of UE using measurement information.
· Option C: Use existing LPPe to transfer Wifi/Bluetooth information

· UE perform all the Wifi/Bluetooth positioning

Based on current positioning architecture, E-SMLC is the data fusion centre and data processing centre for all the positioning information. Since E-SMLC get all the positioning related information, higher positioning performances can be achieved. WiFi/Bluetooth positioning is an enhancement for indoor positioning. It may want to merge the Wifi positioning with other positioning methods information in order to achieve better positioning performances. LPPe message is encrypted and E-SMLC may not be able to decrypt. UE may not have enough positioning information and data processing ability to achieve higher positioning performances.
· Use existing Assistance data transfer/delivery procedure in TS36.355 clause 5.2 if needed

· E.g. for TDOA based Wifi/Bluetooth positioning methods.

2. Modifications of Protocol (TS36.455) enabling E-SMLC to get location information of WiFi/Bluetooth. 

· Use similar location information request/response procedure in TS36.455 enabling E-SMLC to get information of wireless access point of Wifi/Bluetooth.
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Figure 1: WiFi/Bluetooth Information Exchange procedure
3 Conclusions

From the analysis above, Wifi and Bluetooth based positioning technologies can greatly improve accuracy for indoor positioning, and therefore our proposals are,
Proposal 1: Use existing IEEE 802.11 Beacon RSSI which is defined in TS36.214 clause 5.1.16. 
Proposal 2: If the Wifi/Bluetooth devices can report their locations to E-UTRAN they can enhance positioning accuracy

Proposal 3: Possible modifications of protocol to enable WiFi/Bluetooth positioning will be further discussed in the WI discussion. 
References
[1] Ericsson, Intel, Sony, “WF on Indoor Positioning with WiFi”, R1-150838, Athens, Greece, February 9-13, 2015.
[2] Huawei, HiSilicon, “Initial evaluation and analysis on OTDOA indoor positioning”, R1-150409, Athens, Greece, February 9-13, 2015.
[3] LG Electronics, “Initial evaluation results for indoor positioning scenarios”, R1-150228, Athens, Greece, February 9-13, 2015.
[4] Huawei, HiSilicon, “Evaluation results for OTDOA and hybrid for indoor positioning”, R1-151868, Belgrade, Serbia, April 20 - 24, 2015











































































_1493128273.doc






WiFi/Bluetooth INFORMATION RESPONSE











WiFi/Bluetooth 



















































E-SMLC











































WiFi/Bluetooth INFORMATION REQUEST




















