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1 Introduction

As outlined in [1], investigation has been done for the indoor positioning study item to study techniques for indoor positioning , including both RAT-dependent (e.g. OTDOA, UTDOA, E-CID, RFPM, etc) and RAT-independent systems (e.g. A-GNSS, Terrestrial Beacon Systems, etc).
2 Discussion
The target use case of the indoor positioning study item is to locate citizens making E-911 emergency calls from an indoor environment. Evaluation scenarios and positioning technique parameters have been discussed for indoor users. Extensive performance evaluation of existing techniques has been done to assess whether, and where, positioning accuracy enhancement is necessary.  
To enhance positioning performance of 3GPP technologies, a wide range of RAT-dependent and RAT-independent techniques are explored. For RAT-dependent, OTDOA enhancements, E-CID enhancements, D2D-aided positioning have been investigated. For RAT-independent, Terrestrial Beacon System (TBS), WiFi/Bluetooth based positioning, barometric pressure sensor, IMU sensor have been studied. 

The outcome of the study has been captured in running versions of 3GPP TR 37.857. It is expected that TR 37.857 will be consulted for subsequent work on positioning. 
2.1 UMTS
In RAN1 #80bis [3], the indoor positioning topic was discussed leading to a set of highlights that were captured in [4]. Since then, few statements have been captured in the TR only in relation with UMTS and RAT-Independent positioning technologies [2]:
· Terrestrial Beacon Systems (TBS)
· To enable TBS positioning in UMTS control plane location, RRC, PCAP, RANAP, and TS 25.305 protocols may be updated (e.g., UE capabilities, assistance data delivery, TBS measurement reporting).
· Wi-Fi/Bluetooth based positioning
· To enable WiFi/Bluetooth based positioning in UMTS control plane location, RRC and PCAP protocols need to be updated (e.g., UE capabilities, assistance data delivery, position measurement reporting).
· Barometric pressure sensor positioning
· To enable barometric pressure sensor positioning in UMTS control plane location, RRC, and PCAP protocols need to be updated (e.g., UE capabilities, assistance data delivery, sensor measurement reporting).
Aligned with the view of limiting the specification/implementation impact in the UMTS system, it seems that UMTS could rely on RAT-independent positioning technologies in order to improve the indoor positioning accuracy in UMTS.
2.2 LTE

For LTE, numerous built-in positioning techniques exist, including E-CID, OTDOA, UTDOA. Simulation results have shown that existing positioning techniques (e.g., OTDOA, E-CID) can satisfy a 50 meter horizontal accuracy requirement under the studied simulation scenarios and simulation assumptions. However, enhancement is necessary for vertical positioning, for example, with Barometric pressure sensor positioning. Furthermore, techniques that can help to generate dispatchable address for indoor E-911 calls are valuable enhancements, for example, WiFi/Bluetooth based positioning techniques.
3 Conclusion
To summarize the indoor positioning study, we propose to conclude the 3GPP TR 37.857 as suggested in the Text Proposal below.
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Conclusions

To enhance positioning performance of 3GPP technologies, a wide range of RAT-dependent and RAT-independent techniques are explored. For RAT-dependent, OTDOA enhancements, E-CID enhancements, D2D-aided positioning has been investigated. For RAT-independent, Terrestrial Beacon System (TBS), WiFi/Bluetooth based positioning, barometric pressure sensor, IMU sensor have been studied. Both LTE and UMTS systems has been studied.
It was identified that for UMTS based system it is of utmost importance to limit the impact of the current implementations and specifications. It is therefore concluded that UMTS can rely on RAT-independent positioning technologies in order to improve the indoor positioning accuracy in UMTS. During the study item it has been concluded that the most practical technology choice for the RAT-independent positioning technologies are Wi-Fi, Bluetooth and barometric pressure sensor based positioning. These techniques would not impact the physical layer of the Uu Radio Interface between UE and UTRAN, but would require changes to RRC and PCAP protocols.
For LTE, the evaluation results have shown that existing positioning techniques (e.g., OTDOA, E-CID) can satisfy a 50 meter horizontal accuracy requirement under the studied simulation scenarios and simulation assumptions. It has further been identified that enhancements are valuable for improving vertical positioning accuracy of LTE when there is no small cells deployed indoor. If such enhancements are introduced they can further complement the indoor small cell deployment. Within the study item multiple positioning solutions have been studied. To sufficiently support a variety of deployment options it is undesirable to focus on a single technique. On the other hand it is necessary to prioritize a subset of technologies in order to limit implementation complexity and market fragmentation. It is further of importance for 3GPP to continue to build on the framework that has been constructed within 3GPP. It is therefore recommended that for RAT-dependent technologies, OTDOA should be enhanced according to proposals among those studied in the TR, which includes Enhanced Positioning Reference Signals, Enhanced RSTD Measurements, and Enhanced RSTD Reporting. For RAT-independent technologies it is recommended to introduce support for Wi-Fi, Bluetooth and barometric pressure sensor based positioning.
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