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1 Introduction

RAN1 has been discussing different methods for indoor positioning in terms of achievable accuracy, time to fix, physical layer design etc..  Architectural aspect of positioning is within the scope of RAN2 as captured in the SID:

For identified positioning solutions, study the corresponding potential impacts or enhancements to the higher layers to support indoor positioning. [RAN2, RAN3]
This paper discusses what aspects need discussion in RAN2 for the different positioning technologies.  
2 Discussion
The architecture and stage 3 aspects for the different LTE-dependent technologies defined for the control plane, such as OTDOA, UTDOA and ECID have been clearly specified.  Stage 2 (TS 36.305) captures the functional descriptions, type of the method (UE/network based etc.), architectural aspects and message flows.  TS36.355 (LPP) for radio interface and 36.455 (LPPa) for the network interface provide the stage 3 specifications of the message definitions and the parameters that are exchanged between the logical nodes allowing full multi-vendor interoperability for each of the different positioning technologies.  Similarly, stage 2 and stage 3 details of positioning technologies for UMTS are also well specified.

RAN1 has been studying various new technologies for indoor positioning, including some LTE-independent technologies, such as WiFi assisted positioning technologies [13], Barometric sensor [14], TBS [15],  and RF fingerprinting.
The LTE-dependent evaluation methodology use LTE signals for locating a target UE that are transmitted from or measured by the base stations/LMUs in the LTE cells.  For network based methods, the measurements of the LTE signals are sent to the eSMLC for the computation of the target UE location.    The functional architecture of RAT-independent UE positioning technologies for indoor positioning should also be similarly specified based on the LTE location service architecture with the additional non-LTE functional elements also captured in the layout.   

Proposal 1:  The functional architecture of RAT-independent UE positioning technologies for UE positioning should be specified.  This should be based on the existing LTE/UMTS location service architecture with the additional non-LTE/UMTS functional elements included in the layout. 
The candidate UE positioning technologies could be classified into 4 categories as follows, based on the location of the UE location computation algorithm and the origin of the measurements or assistance information.  
· UE based positioning technologies – UEs perform independent measurements and computation/derivation of their own location.  An example of a UE based positioning technology is GPS.
· Network based positioning technologies – Wireless networks perform all the measurements and derivation of UE location without any knowledge or assistance information from UEs.  UTDOA is one example of a network based positioning technology.   
· UE based, network-assisted positioning technologies – UEs perform measurements and computation with some assistance information from the network.   One example of a UE based network assisted positioning technology is A-GNSS.  
· Network based UE assisted positioning technologies – Networks perform some measurements and computation of UE location, assisted by some measurement information from the UEs.  OTDOA is a typical example of a Network based UE assisted positioning technology.
Proposal 2: The category of the RAT-independent UE positioning technologies should be specified.  Assistance information for UE location computation should be specified where applicable.  

For WiFi assisted positioning, WiFi node distributions (public/private WiFi) need to be defined, together with their level of communication/integration with the LTE network, and any additional assistance information.   The following information provides an initial list of what needs to be specified in the evaluation methodology for WiFi assisted positioning:
· Mode of operation of WiFi nodes, 
· WiFi signals used for positioning, 
· Measurement entity (UE or WiFi node)

· Measurements made on WiFi signals 
· Algorithms used for location estimation. 
· Assistance information and control signaling design, 
· The method of determining WiFi node coordinates (latitude, longitude, and altitude), 
· The interface(s) between the measurement entity and eSMLC for the transport of measurements
· Control signaling between measurement entity and the eSMLC.  
Barometric sensors are generating great interest for the determination of the UE vertical location [14].  The barometric sensor uses the measured air pressure to derive the UE vertical location in comparison with reference information, such as locally determined sea level air pressure. The barometric sensor for altitude estimation is sensitive to factors of the surrounding environment, such as temperature and humidity.   The calibration method and assistance information for barometric sensor based location estimation should be specified for indoor positioning.   

Terrestrial Beacon System (TBS) technology broadcasts beacon signals from ground stations, with the beacon signals being similar to GPS signals.  TBS beacons could have better in-building penetration than GNSS signals for indoor positioning.  However, TBS beacon signals suffer more from non-LOS scattering effects than GNSS signals do.   
The following information provides an initial list of what needs to be specified in the evaluation methodology for TBS positioning:
· Mode of operation of TBS nodes, 
· TBS signals and waveforms used for positioning, 
· Measurements of TBS signals
· Algorithms used for location estimation. 
· Assistance information and control signaling design, 
· The method of determining TBS node coordinates (latitude, longitude, and altitude), 
· TBS node synchronization

· The interface(s) between the UE and eSMLC for the transport of measurements
· Control signaling between the UE and the eSMLC.  
Proposal 3:  Details of system parameters for RAN-independent positioning technologies need to be specified.   
In line with the objective captured in the SID, the SI should evaluate the specification impacts to meet the above proposals for the different indoor positioning methods.
Proposal 4: As part of the SI, RAN2 should study the potential impacts or enhancements to the higher layers to support indoor positioning methods corresponding to the specification work identified in the above proposals.

3 Conclusions
In this contribution, we discussed the different aspects that would need to be specified for the different indoor positioning methods under discussion.  The following proposals are made:

Proposal 1:  The functional architecture of RAT-independent UE positioning technologies for UE positioning should be specified.  This should be based on the existing LTE/UMTS location service architecture with the additional non-LTE/UMTS functional elements included in the layout. 
Proposal 2: The category of the RAT-independent UE positioning technologies should be specified.  Assistance information for UE location computation should be specified where applicable.  
Proposal 3:  Details of system parameters for RAN-independent positioning technologies need to be specified.   
Proposal 4: As part of the SI, RAN2 should study the potential impacts or enhancements to the higher layers to support indoor positioning methods corresponding to the specification work identified in the above proposals.
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