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1 Introduction

In this contribution, we provide additional text proposals on D2D aided positioning for the 3GPP TR 37.857 - Study on Indoor Positioning Enhancements for UTRA and LTE. At the last RAN1 WG meeting, the D2D aided positioning was added to the TR as one of the potential positioning enhancement techniques (see section 7.1.2 in [1]), where description of different D2D aided positioning approaches were provided. The initial study of D2D aided positioning was reported in contributions [5]-[10]. The purpose of this document is to summarize the study on D2D aided positioning that was conducted so far and to provide the corresponding text proposal for the inclusion to the 3GPP TR 37.857 [1].

2 Text Proposals for Technical Report
The D2D aided positioning was identified as one of the potential techniques for user positioning [1]. The usage of D2D air-interface may be utilized in multiple ways to achieve improved terminal positioning performance as it was described in contributions [3]-[10].

In this document, we provide text proposals (TPs) for the 3GPP TR 37.857. The provided TPs are divided into two categories and are aimed to complete the description of D2D aided positioning in TR:
· TP to TR section “System Model for Positioning” – provides additional evaluation assumptions for D2D aided positioning evaluation.

· TP to TR section “Evaluation Results of Positioning Enhancements” – provides summary of system level analysis of the D2D aided positioning approaches.
2.1 Text Proposal to Section 5.1 – System Model for Positioning

The latest version of the report defines deployment scenarios and parameters for indoor positioning system level evaluations. Additionally report includes parameters for OTDOA and UTDOA analysis. We suggest reusing these evaluation assumptions and adding one more section with the additional parameters for evaluation of D2D aided positioning.
<<- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Text Proposal Start - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
5.1.4
D2D Aided Positioning - Assumptions and Parameters

The deployment scenarios and assumptions as shown in Tables 5.1.1-1, 5.1.1-2 and 5.1.1-3 are applicable to the D2D aided positioning evaluation.

For D2D aided positioning, the following simulation assumptions also apply:
Table 5.1.4-1: D2D aided positioning assumptions

	Parameter 
	Value

	D2D Channel Models 
	Channel models defined in [11]

	Proximity Detection

	Number of UEs dropped
	150, same as for discovery in [11]

	Number of Anchor UEs
	Provided by a proponent. Anchors are randomly assigned

	Proximity detection algorithm 
	Provided by a proponent, e.g. coordinates of UE with max RX power are used 

	

Multilateration

	Number of dropped UEs 
	Same as agreed for all deployment cases.

	Number of Anchor UEs (see section 7.1.2)
	Provided by a proponent. Anchors are randomly assigned among dropped UEs.

	Number of Assisting UEs (see section 7.1.2)
	Provided by a proponent. Assisting UEs are randomly assigned among dropped UEs.

	Signals for timing measurements
	Provided by a proponent.

	Positioning algorithm
	Provided by a proponent.


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Text Proposal End - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - >>
2.2 Text Proposal to Section 7.1.2 – Evaluation Results of Positioning Enhancements

In this subsection, we summarize the results of D2D aided positioning evaluation presented in [3]-[4]. In particular, we evaluated the proximity and trilateration based approaches as D2D aided positioning techniques. We suggest capturing those results in the TR and provide the corresponding text proposal below.
<<- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Text Proposal Start - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
7.1.2.4 Evaluation Results for D2D Aided Positioning

7.1.2.4.1 D2D-Aided Positioning by Proximity Detection

This sub-section captures the results presented in [4], when D2D air-interface is utilized for proximity detection (see Figure 1 and Figure 2 for horizontal and vertical positioning analysis respectively). The number of anchor nodes per Macro-cell sector varies from 8 to 70 in order to show the results for different user densities. For positioning estimate, the coordinate of the UE with maximum RX power is used. The results are provided for two deployment scenarios Case 1A and Case 2A.
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	Case 1A: CDF of horizontal location error
	Case 2A: CDF of horizontal location error

	Figure 1: Horizontal Error – D2D Proximity Analysis
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	Case 1A: CDF of vertical error
	Case 2A: CDF of vertical error

	Figure 2: Vertical Error – D2D Proximity Analysis


It is observed, that D2D aided proximity detection performance significantly varies depending on user densities and can substantially outperform cell based proximity detection due to higher user densities.
7.1.2.4.2 D2D-Aided Positioning by Multilateration

This sub-section captures the results presented in [3], when D2D air-interface is utilized to facilitate D2D-aided positioning by multilateration. Figure 3 presents the analysis for two deployment scenario Case 1A and Case 2A. The number of anchor nodes per Macro-cell sector is selected from the set {10, 30, all outdoor dropped UEs}. For the case when no user coordinates are available the maximum 1 or 10 assisting nodes selected within proximity of target UE are used. For analysis, it is assumed that two way timing protocol is utilized for UE-UE range measurements, assuming 10MHz (50 PRBs) allocation and DMRS for timing estimation under interference free conditions. 
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	Case 1A: CDF of horizontal location error
	Case 2A: CDF of horizontal location error

	Figure 3: Horizontal Error - Analysis of D2D Aided Multilateration


It is observed, that D2D aided positioning by multilateration may complement OTDOA only positioning and provides improved performance.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Text Proposal End - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - >> 
3 Summary
In this contribution, we provided text proposals to capture D2D aided positioning in the 3GPP TR 37.857. The proposed text aims to amend evaluation methodology and system level evaluation assumptions for indoor positioning, provides general description of the D2D aided positioning approaches and summary of the evaluation results. Based on the discussions above we have following proposals:

Proposal 1

· Review and adopt text proposals on D2D aided positioning for inclusion to the 3GPP TR 37.857.
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