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1 Introduction

In 3GPP the topic of indoor positioning is currently being discussed for E-UTRAN as part of the Rel-13, where scenarios and simulation assumptions are being established for studying potential indoor positioning enhancements in LTE [1]. As part of this study, the TSG RAN WG1 in UMTS has been asked to provide its view on this topic.  
This contribution presents an overview on the existing positioning solutions in UTRAN, and provides a view in relation to SI currently on going in LTE for indoor positioning. 
2 Positioning methods in UTRAN 
The UMTS Terrestrial Radio Access Network (UTRAN) may utilize one or more positioning methods in order to determine the position of an UE, where positioning the UE involves two main steps:
· Signal measurements; and

· Position estimate and optional velocity computation based on the measurements
The signal measurements may be made by the UE, the Node B or a Location Measurement Unit (LMU). In this regard, the basic signals measured are typically the UTRA radio transmissions. Nonetheless, some methods may make use of other transmissions such as general radio navigation signals.
For UE positioning based methods it is also mentioned that the positioning function should not be limited to a single method or measurement. That is, it should be capable of utilizing other standard methods and measurements, as are available and appropriate; to meet the required service needs of the location service client. This additional information could consist of readily available UTRAN measurements such as Round Trip Time in Frequency Division Duplexing (FDD) or Rx Timing deviation measurement and knowledge of the UE timing advance, in Time Division Duplexing (TDD).
The position estimate computation may be made by the UE or by the UTRAN (i.e. Serving Radio Network Controller (SRNC) or Stand-Alone Serving Mobile Location Centre (SMLC)).
2.1 Standard UE Positioning Methods

The standard positioning methods supported within UTRAN are:
·   Cell ID based method: In the cell ID based (i.e. cell coverage) method, the position of an UE is estimated with the knowledge of its serving Node B. The information about the serving Node B and cell may be obtained by paging, locating area update, cell update, UTRAN Routing Area (URA) update, or routing area update.
The cell coverage based positioning information can be indicated as the Cell Identity of the used cell, the Service Area Identity or as the geographical co-ordinates of a position related to the serving cell. The position information shall include a Quality-of -Service (QoS) estimate (e.g. regarding achieved accuracy) and, if available, the positioning method (or the list of the methods) used to obtain the position estimate.
When geographical co-ordinates are used as the position information, the estimated position of the UE can be a fixed geographical position within the serving cell (e.g. position of the serving Node B), the geographical centre of the serving cell coverage area, or some other fixed position within the cell coverage area. Enhanced Cell ID methods use additional UE and/or UTRAN radio resource related measurements.
·   Observed Time Difference Of Arrival (OTDOA) method (which may be assisted by network configurable idle periods): The Observed Time Difference Of Arrival – Idle Period Downlink (OTDOA-IPDL) method involves measurements made by the UE and LMU of the UTRAN frame timing (e.g. System Frame Number–System Frame Number observed time difference). These measures are then sent to the Serving Radio Network Controller (SRNC) and, in networks which include a Stand-Alone SMLC (SAS), may be forwarded to the SAS. Depending on the configuration of the network, the position of the UE is calculated in the SRNC or in the SAS.
The simplest case of OTDOA-IPDL is without idle periods. In this case the method can be referred to as simply OTDOA.
The Node B may provide idle periods in the downlink, in order to potentially improve the hearability of neighbouring Node Bs. The support of these idle periods in the UE is optional. Support of idle periods in the UE means, that its OTDOA performance will improve when idle periods are available.
Alternatively, the UE may perform the calculation of the position using measurements and assistance data.
·   Network-assisted Global Navigation Satellite System (GNSS) methods: These methods make use of UEs, which are equipped with radio receivers capable of receiving GNSS signals. Examples of GNSS include Global Positioning System (GPS), Modernized GPS, Galileo, Global Orbiting Navigation Satellite System (GLONASS), Satellite Based Augmentation Systems (SBAS), Quasi Zenith Satellite System (QZSS), and BeiDou Navigation Satellite System (BDS).
In this concept, different GNSS (e.g. GPS, Galileo, etc.) can be used separately or in combination to perform the location of a UE.
·    Uplink – Time Difference Of Arrival (U-TDOA): The U-TDOA positioning method is based on network measurements of the Time Of Arrival (TOA) of a known signal sent from the UE and received at four or more LMUs. The method requires LMUs in the geographic vicinity of the UE to be positioned to accurately measure the TOA of the bursts. Since the geographical coordinates of the measurement units are known, the UE position can be calculated via hyperbolic trilateration. This method will work with existing UE without any modification.
As it was mentioned at the beginning of this document, indoor positioning is currently a study ongoing in E-UTRAN as part of the Rel-13. Section 3 provides a view on this topic from an UTRAN perspective.
3 Indoor positioning in UTRAN 

The study Item entitled “Study on Indoor Positioning Enhancements for UTRAN and LTE” has been ongoing for a while. According to time plan the UTRAN related part should start from 2015Q2.

Achievements so far for LTE include agreeing on simulation scenario definitions, initial discussions on technical options for accuracy enhancement of existing technologies and proposals for new positioning technologies.  The positioning technologies/methods primarily studied are OTDOA, reporting of barometric pressure for elevation estimation, positioning based on WiFi/Bluetooth measurement, Terrestrial Beacon System, and UTDOA. Method specific enhancements and evaluations are still under discussion.

It is suggested to start the HSPA indoor positioning study after major aspects of solutions in LTE have converged, for below reasons:
1. It is obvious that some RAT-independent new technical solutions e.g. barometric pressure reporting, are common for all RATs and impact RATs differently only when it comes to detailed technical specification. In the study item phase it is more reasonable to focus on solution feasibility and performance evaluation of the different positioning technologies rather than detailed level specification.

2. UTRAN and LTE actually have very similar positioning method portfolios [2, 3].  All positioning methods (Cell based, OTDOA, AGNSS and UTDOA) in LTE have their equivalents in UTRAN. In particular, for Cell based and AGNSS solutions, the difference between LTE and UTRAN mainly lies in measurement and signaling details. When introducing feature improvements to Cell based or AGNSS, it is reasonable to discuss and standardize those enhancements first in one RAT, and then use that as reference to adapt the same principle/mechanism for another RAT.
 3. Among RAT dependent methods, OTDOA seems to capture most of the interest in LTE indoor positioning discussions. However OTDOA in UTRAN has not been commercialized and because of that there is a lack of support in networks and terminals. Therefore, to re-introduce and further improve OTDOA in UTRAN for Indoor Positioning purpose implies a huge investment and would have an unpredictable lead time. 

4. In practice, it is difficult to fulfill indoor positioning requirements by a single positioning technology, no matter if it is RAT-dependent or RAT-independent. Different technologies are complementary, especially for indoor scenarios. So, from an efficiency viewpoint it is more reasonable to make thorough technical study on potential alternatives in LTE, before starting corresponding discussions in UTRAN.
4 Conclusions 

It is suggested to start HSPA indoor positioning studies after major aspects of solutions in LTE have converged. 

(1) No need/No obvious benefit to discuss RAT-independent solutions for HSPA in parallel with LTE.

(2) It is better to conclude indoor solution (also performance and major impact) in LTE first.
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