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1. Introduction

In 3GPP RAN #65 meeting, SID of “Study on Indoor Positioning Enhancements for UTRA and LTE” was approved for Release 13 study [1]. Part of objective in this SI is as below,

“The objectives of this study item are to study techniques for indoor positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc and RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems, etc).  The goals are to study potential 3GPP positioning enhancements in indoor and other challenging environments (e.g. urban canyons).”
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]
This contribution continues to discuss the enhanced technologies for legacy UE positioning with nearby UE's assistance. 
2. Discussion
Reporting of accurate caller location as part of citizen to authority emergency calling (E9-1-1) is a critical component of the emergency call service.  There has been a recognition that the mix of emergency calls being placed indoors vs outdoors is increasing to where it is estimated that currently 50%-70% of all wireless emergency calls are being initiated indoors. It is known that these current location technologies have a number of limitations when utilized for obtaining the indoor emergency caller's location such as poor signal strength, multi-path and building material attenuation for GPS/GNSS and obtaining vertical location useful for public safety in a dense urban multi-story building environment. This contribution provide positioning mechanism to obtain caller's accurate indoor location with assistance by a nearby UE when an emergency call is initiated.

2.1 Public Safety UE-assisted positioning scenario
When Mary requires emergency services, she initiates an emergency call. A location server calculates Mary’s location base on ranging measurements from Mary’s legacy UE. The location server provides Mary’s location to Public Safety Answer Point (PSAP). Public Safety Officer John is dispatched to provide emergency services to Mary. As Officer John approaching Mary, Officer John’s UE requests the location server to provide Mary’s latest location.

By monitoring locating signal transmitted from Mary’s UE, Officer John’s UE provides additional ranging measurements to the location server. The location server calculates Mary’s latest location base on ranging measurements from both Mary and Officer John’ UEs; then, Public Safety Answer Point (PSAP) relays the location to Officer John. According to the Mary’s latest location, Officer John finds Mary and provides appropriate emergency services.
Figure 1 shows an example that Mary’s legacy UE location is obtaining with assistance by Public Safety Officer John’s UE, where Officer John’s UE could measure the distance from eNB1, eNB2, eNB3 and eNB4. The location server first triggers eNB1 and eNB2 to collect ranging measurements from Mary’s UE and send the ranging measurements to the location server. To obtain more ranging measurements, it triggers Public Safety Officer John’s UE which is capable to monitor ranging measurements from Mary’s UE and sends the ranging measurements to the location server. After the location server collects enough ranging measurements, it calculates the position of Mary’s UE based on the collected ranging measurements and sends the result to the Public Safety Officer John’s UE.
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Figure 1 An example where the indoor UE perform positioning with outdoor UE assisted
2.2 Uplink Monitoring by ProSe-enabled Public Safety UE 
Figure 2 depicts the system architecture for determining legacy UE’s position with UM-UE (Uplink-Monitoring UE) assistance where the LTE-UM interface is used to monitor uplink signal transmitted by nearby UE. We could consider the feasibility that the LTE-UM interface is the feature of the enhanced PC5 interface and the uplink monitoring capability in UM-UE is the enhanced features in ProSe-enabled UE. Therefore, Proximity Service (ProSe) introduced in Release 12 could also provide basic functionalities for positioning enhancement with Public Safety UE assistance.
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Figure 2 Architecture for determining legacy UE’s position with UM-UE assistance
2.3 Public Safety UE-assisted positioning method
Figure 3 depicts an example to perform indoor positioning for legacy UE by ProSe-enabled Public Safety UE assisted. Firstly, the entity in the EPC requests some location service for a Mary’s UE to the serving eNB of Mary’s UE. Secondly, the serving eNB requests John’s UE to monitoring uplink SRS transmitted from Mary’s UE. Thirdly, Mary’s UE transmits SRS, and the serving eNB and John’s UE measure the timing of the received signals. Fourthly, John’s UE sends the measurement results to serving eNB. Fifthly, the serving eNB sends a measurement response to the entity in the EPC. Finally, the entity in the EPC estimates location of the Mary’s UE.
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Figure 3.  Example of determining legacy UE’s position with Public Safety UE assistance
3. Conclusions
Based on the above discussion, we have following proposals based on existing scenario:  
Proposal: Study the feasibility allowing UM-UE to monitor ranging signal transmitted from nearby legacy UE in order to obtain additional ranging measurements.
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