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1 Introduction

At the RAN1 WG meeting #80bis, it was agreed that D2D aided positioning is evaluated as one of the potential techniques for user positioning. The corresponding agreement was made based on the contribution [1]. At the last RAN1 WG meeting, it was agreed to capture the D2D aided positioning as one of the potential approaches in 3GPP TR [9].
In this contribution, we analyze the possibility to use D2D air interface to assist mobile terminal positioning by means of proximity detection. Our views on other potential solutions for D2D aided user positioning are described in companion contributions [2]-[6].
2 Anchored D2D Aided Proximity Based Positioning
In the LTE Rel.12, the functionalities of device-to-device (D2D) communication and discovery were developed and the corresponding sidelink air-interface was integrated into the LTE specification. The developed LTE D2D framework may be also considered as one of the potential design options to improve cellular based UE positioning [7]-[8]. 
The D2D air-interface may be utilized in multiple ways and certainly provides additional direction for technical analysis [2]. In this contribution, we focus on proximity detection by reusing D2D discovery framework developed in LTE Rel.12. In our proximity detection analysis, we focus on anchored D2D aided positioning. In this approach, D2D layer measurements are done on a link between a target device and devices with a priory known location, so-called “anchor UEs”. The location of “anchor UEs” may be acquired in multiple ways: e.g. using other technologies such as GNSS, Wi-Fi, BT, etc. or pre-determined during pre-installation, etc. The user coordinates may be known at a location server and/or at an anchor UE.
For analysis, we assume that anchor UEs may broadcast information, indicating their geographical coordinates using physical resources of the pre-configured D2D discovery pool (PSDCH channel). The target UEs may detect the anchor nodes, perform sidelink measurements and estimate its own coordinate based on proximity detection of other anchor UEs.

3 Proximity Based Detection Approaches

The positioning based on proximity detection may be implemented in multiple ways. The simplest approach is to take the coordinates of the UE characterized by maximum received power. Alternative way is to derive coordinate of target UE based on detection of multiple sources and by combining coordinates of multiple sources. Another potential option is to apply fingerprinting positioning based on predefined map of the signal received power from multiple sources.
In the next section, we analyse the simplest method of the proximity detection when coordinates of user resulting in maximum received power are taken as an estimate of user coordinates. Note that the performance of proximity detection method may be further improved if UE detects multiple sources and combines their coordinates with appropriate weights.
4 System Level Analysis of D2D Based Proximity Detection

In this section, we present system level analysis of the D2D based proximity detection for two of the agreed scenarios: Case 1A (Macro only) and Case 2A (dual stripe) [9]. For D2D system level modeling, we take some of the system level simulation assumptions that were agreed in the D2D study item [10]. In particular, we increase total number of dropped users to 150 per Macro cell sector, as it was agreed for D2D discovery analysis in the LTE Rel-12. In addition, for UE-UE channel modeling, we apply the D2D channel models as described in [10]. 
In the next subsection, we present results for horizontal positioning performance for different values of anchor UE densities: [8, 17, 35, 70] of anchor UEs per Macro cell sector. For comparison, we also show the results of the existing cellular E-CID based positioning approach.
4.1 Horizontal Accuracy
This sub-section presents analysis of horizontal accuracy for D2D based proximity detection for indoor UEs (see Figure 1). 
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	Case 1A: CDF of horizontal error
	Case 2A: CDF of horizontal error

	Figure 1. D2D based proximity detection vs cell ID based proximity detection


Observation 1
· The horizontal positioning performance of D2D based proximity detection significantly depends on the density of anchor UEs (the more anchor UEs deployed, the better performance).
· The D2D based proximity may significantly outperform cell based proximity detection and improve the horizontal positioning accuracy.

4.2 Vertical Accuracy
This sub-section presents analysis of vertical accuracy for D2D based proximity detection for indoor UEs (see Figure 2).
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	Case 1A: CDF of altitude error
	Case 2A: CDF of altitude error

	Figure 2. D2D based proximity detection vs cell ID based proximity detection


Observation 2
· The D2D based proximity detection can also provide superior altitude performance. 

· The accurate vertical indoor positioning performance can be achieved if some of the anchors are deployed inside of buildings (Case 2A).

5 Summary

In this contribution, we have analyzed possibility to use D2D air-interface for the purpose of user positioning enhancement and presented preliminary simulation results for proximity based detection. According to our analysis the D2D based proximity detection can significantly outperform the cell based proximity detection due to larger user density. In addition, we noticed that if anchors are deployed on different floors inside building then more accurate altitude performance can be achieved. Therefore we suggest considering D2D aided proximity detection as a promising technique for indoor user location and capture the presented results [4] in the study item technical report [9].
Proposal 1
· Capture results of the D2D based proximity detection in the study item technical report 3GPP TR 37.857.
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