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1 Introduction
The Indoor positioning enhancement study item has been agreed in RAN#65 [1]. The goals are to study potential 3GPP positioning enhancements in indoor and other challenging environments. The background of this study is to enhance the positioning accuracy based on the recent requirements from regulatory body (e.g. FCC) that require 3 dimension (3D) positioning. It is also based on the fact that the current existing positioning technique is unable to meet the recent requirements.
Indoor positioning has been deployed or at least considered in many standards. Two major standardization bodies, Bluetooth and 802.11, have considered indoor positioning using Angle of Arrival (AoA) techniques [2],[3]. The consideration of AoA indicates the maturity of AoA. Moreover, the AoA measurement at the UE can provide 3D positioning estimation.
This document provides Sony’s view on indoor positioning techniques that would fit in the 3GPP RAN context.
2 Discussion
Positioning Requirements

The positioning accuracy of OTDOA as defined in release 9 is required to fulfil the FCC two dimension (2D) requirements that are within 50m for 67% of the calls and within 150m for 95% of the calls.
The latest FCC E911 requirements proposals which should be as the reference for positioning solution in release 13 are
· Vertical accuracy within 3 meters (vertical height) for 67 percent of the calls no later than 3 years from the effective date of the adoption of the rules 

· Horizontal accuracy of 50 meters and vertical accuracy within 3 meters for 80 % of the calls within 5 years of the adoption of the rules. 

3GPP has so far studied the following positioning techniques:

· RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc 
· RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems (TBS), etc
A stand alone operation of the above methods is very unlikely to meet the latest FCC E911 requirements proposals. The usage of two positioning techniques and combine them together can be expected to provide improved accuracy. We need to investigate the techniques which provide better accuracy when combined and how these can be implemented with reasonable complexity.
The aforementioned latest FCC requirements proposals require 3 dimension (3D) positioning. Therefore, it is important to identify positioning techniques that are capable to perform 3D positioning. Angle of arrival (AoA) is one of the positioning techniques that capable to perform 3D positioning. AoA has been used in LTE and also it has been considered in other standards [2],[3]. In LTE, it is part of e-CID improvement where the angle measurement is performed in the eNodeB (eNodeB-AoA). Herein, this document we consider the angle measurement is to be performed in the UE (UE-AoA) and also when combined with OTDOA.
UE - Angle of Arrival Technique

Overview
Angle of Arrival (AoA) measurement of the radio signal can be used to track a position by the intersection of several angle direction lines from base-stations to the user equipment (UE). This can be illustrated in the following Figure 1. The radio signal from base-station to UE is coming from both the zenith angle 
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 and the azimuth angle
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. AoA estimation at the UE can be carried out with antenna arrays placed at the UE. At least two base-stations are required for 2D positioning and three base-stations for 3D positioning. In principle, the number of base-stations can be kept to a minimum, subject to the availability of extra information.
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Figure 1: 3D positioning using AoA technique
The major advantage of UE-AoA is the ability to estimate a 3D location while time based methods (e.g. OTDOA) is usually limited to 2D location positioning. The 3D location is very helpful in several critical scenarios, e.g. for floor determination in indoor positioning.

Open Issues

It has been identified that the biggest challenge of the AoA method is the requirement for multiple antenna element and/or receive chains at the UE to form antenna arrays or switched arrays. This creates practical issues at the UE which may have limited size, and weight. Moreover, this also potentially increases the cost of UEs. On the other hand, there is no additional infrastructure required at the base-station related to the UE-AoA method.
Since introduction of HSPA and LTE it is getting common for the UE to have multiple receive antennas for diversity / spatial multiplexing. The future usage of higher frequency bands can make it even more feasible to have multiple antennas in a small device. There is also another alternative solution without specific HW impact; to create and form virtual antenna arrays at the UE receiver based on the existing limited number of physical antenna. Considering, the above options, we need to investigate the solution which suit-well for 3GPP LTE, in particular the implementation aspect in the UE side. 
Proposal 1: Investigate the practicality and implementation aspects of AoA method in a UE.

Another potential issue is the accuracy in the radio environment. The transmitted signal through the radio channel experiences distortion and losses due to shadowing and multipath fading. For example, the strongest received signal path is not always the direct path as illustrated in Figure 2. Hence, several typical scenarios limit the accuracy measurement. 
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Figure 2: Radio signals from base-station to UE experience shadowing and multipath fading
The current working assumptions as agreed and noted in [4] have the following scenarios:

· outdoor macro + outdoor small cell scenario.

· outdoor macro + indoor small cell scenario.

The above scenarios indicate the received signals at the UE will experiences shadowing and multipath fading.

We have identified that these are the existing classical issue for AoA method. Moreover, OTDOA, as the current existing positioning method, is also known to have the same main issue (i.e. shadowing and multipath fading). Nevertheless, we still need to evaluate the performance of UE-AoA method and compared to the baseline OTDOA method in the agreed evaluation scenario as noted in [5].

Proposal 2: Evaluate the performance of UE-AoA method in the agreed scenarios for indoor positioning enhancement.
Hybrid OTDOA and UE-AoA
A hybrid operation based on OTDOA and UE AoA has the advantage that it re-uses the existing methodology (in this case OTDOA) and then enhances the OTDOA measurements by combining with the estimation results from UE-AoA. In principle, it is not necessarily needed to be OTDOA. UE-AoA can also be combined with any positioning technique to form a hybrid mode. Here, we consider OTDOA as the widely used RAT-dependent positioning scheme. Hybrid operation is expected to produce more accurate positioning estimation, especially UE-AoA that has 3D positioning capability.
We consider the positioning techniques that the UE performs all positioning measurements (e.g RSTD, AoA measurements). Then, the measurement results are transmitted to eNodeB to be used for the positioning estimation in the Location Service server (LS). The procedures to send measurement results (e.g. required parameters, data structures) from UE to the eNodeB must be studied. The bottom line, we need to ensure the UE only needs to send the required parameters (i.e no redundant parameters). The improved positioning estimations method based on two measurement results must also be thoroughly investigated.
Proposal 3: Identify the essential measurement parameters (OTDOA and AoA) to be transmitted from UE to eNodeB and study the the hybrid positioning estimation method (based on OTDOA and UE-AoA measurements) to provide better accuracy.
3 Conclusion
In this contribution, we provide our high level views on indoor positioning using UE-Angle of Arrival (UE-AoA) to complement the existing RAT dependent positioning scheme, OTDOA. 
We have the following proposals:
Proposal 1: Investigate the practicality and implementation aspects of AoA method in a UE.

Proposal 2: Evaluate the performance of UE-AoA method in the agreed scenarios for indoor positioning enhancement.
Proposal 3: Identify the essential measurement parameters (OTDOA and UE-AoA) to be transmitted from UE to eNodeB and study the hybrid positioning estimation method (based on OTDOA and UE-AoA measurements) to provide better accuracy.
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