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1 Introduction

For the indoor positioning study item [1], progress has been made so far on defining scenarios and evaluating existing 3GPP positioning techniques to obtain a baseline performance. 
To make progress on enhancement for indoor users, this contribution explores the possibility of incorporating WiFi and Bluetooth signal for positioning purpose. 
2 Motivation

As stated in the SID [1], one of the goals of the study item is to explore potential 3GPP positioning enhancements for indoor users: 

Evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology,  for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals [RAN1]
For indoor users, WiFi and/or Bluetooth measurements can be leveraged for positioning purpose, as an enhancement to existing 3GPP positioning techniques. This is illustrated in Figure 1. 
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Figure 1. WiFi report from UE to eNB for indoor positioning.

Positioning with the assistance of WiFi/Bluetooth signal has the following advantages:
· Positioning accuracy. CID-reporting of WiFi (BSSID reports) and Bluetooth (UUID reports) implies an accuracy corresponding to the typical access point/transmitter coverage range, which in turn is deployment dependent. In typical indoor scenarios, the coverage range is about 10-30 meters at the same floor. Enhanced positioning accuracy can be obtained via enriched measurement reports. Examples include RSS measurements or FTM (fine timing measurements) ranging measurements. However, with an up-to-date CID database, WiFi or Bluetooth CID reporting is capable of providing an accuracy well within 50 meters horizontally, and within 3 meters vertically.
· Cost. Utilizing WiFi/Bluetooth has the benefit of leveraging wireless networks that already exist and are widely deployed. No dedicated infrastructure for positioning is required. This makes it a relatively economical solution for the operators to fulfill the needs of indoor positioning for, e.g., E911. 
· Availability. In real life, most handsets in use today are equipped with WiFi and Bluetooth capabilities. Thus in the study item, it is reasonable to assume that UEs have the beacon detecting and reporting capabilities.
· Functionality. It is well known that 3GPP-WiFi interworking has been defined at CN level and RAN level for mobility and data offloading. Data traffic can be opportunistically steered to WiFi network to alleviate the load to cellular network and enhance user experience. Extending the usage of WiFi signal for positioning naturally serves the dual purpose of traffic offloading and locating UE. For example, the WiFi information reported by the UE for RRM purpose can be easily utilized for location generation.
In terms of standardization progress, 3GPP-WiFi interworking has been standardized, with ongoing efforts to further improve performance [5]

 REF _Ref409431815 \r [6]. 3GPP-Bluetooth interworking has not been defined. In the following WiFi is used in discussion, with the understanding that similar schemes apply to Bluetooth for positioning purpose. 

Proposal:

· WiFi/Bluetooth is considered for indoor positioning enhancement.
3 WiFi/Bluetooth Reports
To utilize the WiFi signal for positioning purpose, the UE needs to detect the identifier(s) of the WiFi AP(s) using its WiFi module, and report the detected ID to the base station using its cellular module. Since positioning uses infrastructure BSS, the WiFi AP ID is the Basic Service Set Identifier (BSSID), which is the MAC address of the wireless access point. The BSSID is available in Beacon or Probe Response. Using WiFi BSSID for positioning is analogous to the cell ID (CID) method in 3GPP.
In addition to the MAC address, the UE can be requested to report WiFi signal quality measurement to enhance positioning accuracy. Currently, TS 36.214 has defined WiFi beacon RSSI (below) measurement [7] (also see Appendix). However, the WiFi beacon RSSI is not reported to the network by UE. If enhanced cell ID type of method is desired for WiFi network, measurement reports need to be defined to carry the WiFi beacon RSSI from the UE to the eNB. The measurement report may include the RSSI associated with several nearby WiFi APs the UE has detected. On the Uu interface, RRC signalling can be expanded to include such measurement reports. After the measurement report is received at the eNB, the eNB can then pass it on to E-SMLC via the LPPa protocol. 
The signaling architecture is illustrated in Figure 2 below.
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Figure 2. Protocol to support WiFi report between UE and E-SMLC.

One difficulty with WiFi based positioning system is how to obtain the geographic location of each WiFi AP. Although operator-deployed WiFi APs may have geographic information readily available, many WiFi APs are installed by consumers or enterprises in an unplanned fashion. This issue can be resolved by building up a WiFi AP geo-location database over time, possibly via crowd sourcing of nearby UE’s A-GNSS location. With the database established, the location server then look up a geographic location using the AP MAC address reported by the target UE. The database needs to be maintained and updated regularly to reflect the variations in WiFi deployment over time. 

For UEs under coverage of both cellular and WiFi networks, both types of radio signal can be leveraged by the UE. For example, the RRC measurement report may include two categories of radio signal strength:
1. Cell ID and RSRP of detected cellular cells, such as indoor small cells;

2. MAC address and RSSI of detected WiFi APs;
Both categories of measurement reports are passed on to E-SMLC via eNB. More accurate location information can be generated since more information is provided to E-SMLC.
Proposal:

· UE reports detected information of WiFi/Bluetooth access points to the eNB to support positioning.
4 Conclusions
In this contribution we discussed utilizing WiFi/Bluetooth measurement to enhance indoor positioning. Benefits and issues related to this type of enhancement are discussed. Based on the discussion, we have the following proposals.

Proposals:

· WiFi/Bluetooth is considered for indoor positioning enhancement.
· UE reports detected information of WiFi/Bluetooth access points to the eNB to support positioning.
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Appendix

The WiFi beacon RSSI defined in TS 36.214 is quoted below.
5.1.16
IEEE 802.11 Beacon RSSI

	Definition
	The IEEE 802.11 Beacon RSSI is defined in [15].

	Applicable for
	RRC_CONNECTED inter-RAT, 

RRC_IDLE inter-RAT
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