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1 Introduction
A study item (SI) on indoor positioning 
has been agreed in RAN#65 [1]. The goals are to study potential 3GPP positioning enhancements in indoor and other challenging environments. This includes definition of a 3D system model, including indoor channel model, to study indoor positioning.
Indoor positioning has also been deployed or at least considered in other 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. 

This document provides Sony’s view on indoor positioning technique and evaluation methodology.
2 Discussion
Angle of Arrival Technique
Angle of Arrival (AoA) estimation of the radio wave 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 wave 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 can be performed with antenna arrays placed either at the base-station or 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 advantage of AoA is the ability to estimate a 3D location which time based methods usually can’t. This is very helpful for floor determination in indoor positioning.

Whereas AoA technology can be used in a standalone mode for determination of position, it can also be used in conjunction with other techniques. Angular estimations complement the distance estimations performed using signal strength and time of flight. It has different error characteristics to those estimations and can be used in combination for a more reliable and accurate hybrid position calculation. 

We consider AoA is a kind of improved positioning measurement, an addition to the OTDOA measurements the UE already performs. If the OTDOA fails to obtain time measurements from minimum number of eNB, then the AoA from one or two eNBs could be used to compute a geographical position during e911. Furthermore the AoA could potentially help reducing the error in the OTDOA, since it would provide additional data.

Proposal 1: RAN1 considers indoor positioning using angle of arrival (AoA) to complement the existing OTDOA measurement technique as part of the study.
It has been identified that the biggest challenge of the AoA method is the requirement for multiple antenna elements 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.

It would be quite common for the UE to have multiple receive antennas for diversity / spatial multiplexing. The usage of high frequency can make it even more feasible to have multiple antennas in a small device. The other alternative solution is to create and form virtual antenna arrays at the receiver. We propose 3GPP should allocate time within the indoor positioning study item to investigate suitable AoA methods for indoor positioning.
Proposal 2: Investigate AoA methods that can be practically implemented in a UE.

Evaluation Methodology

Considering that indoor positioning is targeting 3D positioning, then it naturally requires a 3D channel model. 3GPP LTE has made significant effort to define 3D channel model for full dimension (FD-MIMO) study [4]. This study results in several deployment scenarios:

· Scenario 3D-UMi: Urban Micro cell with high (outdoor/indoor) UE density

· Scenario 3D-UMa: Urban Macro cell with high (outdoor/indoor) UE density

· Scenario 3D-UMa-H: Urban Macro cell with one high-rise per sector and 300m ISD
It would be beneficial for the indoor positioning study to reuse the existing 3D channel model and use all or /partly of the above scenarios. Indoor positioning also likely requires a scenario where the base-stations are located inside the building and the 3D channel model should support investigation of this scenario.

Proposal 3: Reuse the existing 3D channel model and deployment scenarios that have been well developed in the FD-MIMO study. Additionally develop a new scenario where the base-stations are located inside the building (indoor/indoor).
3 Conclusion
In this contribution, we provide our high level views on indoor positioning using Angle of Arrival (AoA) and its evaluation methodology. We make the following proposals:
Proposal 1: RAN1 considers indoor positioning using angle of arrival (AoA) to complement the existing OTDOA measurement technique as part of the study.
Proposal 2: Investigate AoA methods that can be practically implemented in a UE.

Proposal 3: Reuse the existing 3D channel model and deployment scenarios that have been well developed in the FD-MIMO study. Additionally develop a new scenario where the base-stations are located inside the building (indoor/indoor).
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