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1 Introduction

In this contribution, we continue analysis of the possibility to use D2D air interface to assist terminal positioning. The initial study and analysis of using D2D aided positioning was presented in [1]-[6]. At the last RAN1 WG meeting it was agreed to capture the D2D aided positioning as one of the potential approaches in 3GPP TR [10].

This document provides additional evaluation of the D2D aided positioning and is organized as follows. Section 2 provides an overview of potential design options for D2D aided positioning. In Section 3, the initial system level simulation results based on UE-UE range estimation are presented jointly with the analysis of potential benefits. The D2D aided positioning based on proximity detection was analyzed in our companion contribution [8]. Based on the analysis, we have also drafted the corresponding text proposal summarizing the study and potential approached for D2D-aided positioning in [9] . 
2 Usage of D2D Air-Interface for User Positioning
In Rel.12, the functionality of device-to-device (D2D) communication and discovery was developed and the corresponding sidelink air-interface was integrated into the LTE specifications. The developed D2D framework may be also considered as one of the potential design options to improve cellular based UE positioning. Given that D2D operation in the LTE Rel.12 mainly targeted public safety use cases, it may be interesting to study different approaches of D2D aided positioning in order to improve UE location in cellular systems (see Figure 1).
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Figure 1. Illustration of D2D-aided positioning concept.
The D2D air-interface may be utilized in multiple ways and certainly provides additional direction for technical analysis. From system level perspective, the following two main approaches can be used for enhancement of cellular positioning using D2D air-interface:

· Anchored D2D 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 (or other connectivity), or pre-determined during pre-installation, etc. The coordinates may be known at a location server and/or at an anchor UE.
· Non-anchored D2D positioning
In this scenario, D2D layer measurements may be done on links between devices in proximity regardless of the availability of geographical coordinates. During calculation of the location, the UE-UE measurements of signal location parameters between devices with unknown coordinates may be used to improve positioning accuracy due to utilization of additional information when solving location equations. For example, as it is shown in Figure 2 the direct range measurement between UEs may be used to improve OTDOA positioning performance when amount of reference sources is not sufficient to accurately locate given terminal. Alternatively, the simple proximity detection may be utilized for enhancement of user positioning.
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Figure 2. Illustration on non-anchored D2D positioning problem.

In Figure 2, both UEs have insufficient number of reliable UE-eNB measurements for trilateration to calculate location without ambiguity (two TOA measurements from two synchronized eNBs are not sufficient to compute UE location based on TDOA technique). However, if the range measurement between devices itself is available, then the ambiguity problem is resolved for both UEs and location of both UEs may be estimated. Moreover, if multiple D2D UEs and multiple UE-UE measurements are involved, then the positioning accuracy may be improved substantially without prior knowledge of UE coordinates, i.e. even without increasing the number of anchor nodes.
These two general approaches (anchored and non-anchored) may complement each other. Both of them can be implemented in multiple ways depending on whether the location is calculated at the UE side or at the network side, and which underlying positioning technology is enhanced (OTDOA, UTDOA, E-CID, Proximity Detection, etc.), as well as whether UEs may be assumed synchronized. Regardless of the particular design, the concepts of UE proximity detection in combination with range/timing estimation over D2D air-interface can be beneficial for more accurate and fast user positioning and tracking.

The existing functionality and physical channels specified for Sidelink Discovery (PSDCH) and Communication (PSCCH/PSSCH) in LTE Rel.12 may be used with certain enhancements to enable estimation of time of arrival or round trip time as well as received power on a D2D link. The performance of timing estimation, power efficiency and other metrics needs to be further carefully analyzed. In particular, the usage of only LTE Rel.12 discovery (PSDCH) signals for timing estimation may lead to relatively large timing estimation error due to narrow signal bandwidth (fixed to 2 PRBs in LTE Rel.12 specification). On the other hand, allocation of wideband communication signals (PSSCH) following Rel.12 communication procedures may require considerations from spectral efficiency and energy consumption perspectives.

Although, further analysis may be needed to select particular design option for D2D-aided positioning, it is already clear that the D2D air-interface is an additional dimension for UE positioning enhancements that may provide multiple benefits:

· More accurate UE positioning and reduced outage probability.
Utilization of additional reference sources and reliable range measurements is beneficial to improve positioning accuracy, especially if there is a hearability problem (lack of reference sources) that may lead to poor convergence of location algorithms.

· Reduced latency for UE positioning.
In order to accurately measure signal location parameters (e.g. RSTD) using PRS signals the muting concept needs to be applied which substantially increases time for PRS signal processing. Depending on implementation and configuration, a D2D positioning protocol may enable faster acquisition of UE-UE signal location parameters than current cellular measurement conducted over quite long period of time to extract benefits of interference free reception enabled by PRS muting pattern.
· Possibility for standalone UE positioning.
Depending on implementation, UEs may share their location information with proximal UEs and facilitate standalone UE positioning without requiring multiple eNB measurements and the processing at the location server. In some scenarios, instead of absolute positioning in space, UEs may apply relative positioning to figure out relative placement from each other. The distributed positioning protocols may be utilized for that purpose.
· Utilization of other technologies for positioning.
In general, UE-UE range measurements may be obtained by any other ranging technology (LTE D2D, Wi-Fi, BT, etc.). For example, a highly accurate range measurement may be obtained through Fine Timing Measurements available in Wi-Fi using the large available unlicensed bandwidth of up to 160 MHz. This information may be exchanged between some UEs and utilized by other UEs.
· Reduced amount of timing estimation errors.

Depending on implementation, UE-UE range measurements may be implemented through two-way protocol for round-trip time measurements, used to estimate the distance between terminals and avoid network synchronization errors.
Observation 1

· The D2D aided positioning has a potential to improve accuracy of current cellular based location services.

· The UE-UE range measurements and/or proximity detection can be enabled through D2D air-interfaces and utilized to improve performance of cellular positioning technologies.

Proposal 1

· Mechanisms for UE-UE range measurements / reporting and proximity detection are considered for the indoor positioning enhancements study.
3 System Level Analysis of D2D Aided Positioning
In this section, we provide preliminary system level simulation results for D2D-aided positioning. For analysis, we consider Macro only scenario (Case 1A) discussed and agreed at the previous RAN1 WG meeting for evaluation in the framework of the indoor positioning study item.
In our studies, we follow system level simulation assumptions summarized in [1]. In particular, we use baseline assumption that all cells are ideally synchronized. In order to evaluate the benefits of additional D2D measurements for indoor positioning, we slightly updated the evaluation methodology to include details related to D2D modeling. In particular, the D2D channel model was reused from the Rel.12 D2D SI&WI [11].
For D2D positioning reference signals, the D2D DMRS signals are reused assuming data transmission at the whole bandwidth. For range measurements, the two-way positioning protocol is utilized at D2D layer so that round-trip time can be measured. It is noted that with two-way positioning protocol exploiting round trip delay does not require TX synchronization. For more details, see Appendix A. 
For the analysis of OTDOA only and OTDOA + D2D aided positioning, a practical timing estimation algorithm based on PRS and/or DMRS signals was used. The single shot processing in one positioning subframe was applied for timing measurements and evaluated in system level simulation platform supporting full modeling of propagation delays and signal transmission.

The system performance for the following positioning scenarios was compared:

1) OTDOA (Baseline).
All UEs are assumed as target UEs, and location for each UE is calculated independently.
2) OTDOA + Anchored D2D Aided Positioning.
a. Outdoor Anchors. All outdoor UEs are assumed to be with known location.
b. Random Anchors. A number of randomly selected UEs per cell sector are assumed to be with known location. Two numbers of anchor UEs [10 or 30] are evaluated.
Note, that to model anchor UEs, the total number of dropped UEs is not changed. Instead, the total number of UEs is divided into two disjoint sets of anchors and target UEs.
3) OTDOA + Non-Anchored D2D Aided Positioning.
The number of assisting UEs denotes the maximum number of UE-UE measurements between target UE and assisting nodes. Each assisting node may have its own set of assisting UEs. Two settings for the maximum number of assisting UEs [1 or 10] were evaluated.
4) OTDOA + Hybrid (Anchored & Non-Anchored) D2D Aided Positioning.

This is a combination of described above techniques.
3.1 Horizontal Accuracy

In this section we analyze the horizontal positioning accuracy. For evaluation we assume that location server solves 2D positioning problem, although eNBs and UEs are dropped in 3D space. In analysis, we limit the maximum number of anchors (both eNBs and anchor UEs) to 50, although 50 anchors for RSTD measurements may not be available at each UE. In particular, we exclude sources with SINR < -13 dB in calculating UE location. For the cellular links (eNB-UE) we conduct existing RSTD measurements by using PRS. For sidelink, we estimate UE-UE range using two-way protocol for range measurements. The generalized ML based positioning problem is formulated and solved iteratively using Taylor series expansion method [12].
In Figure 3, the system level simulation results for the deployment scenario Case 1A (Macro-only), without PRS muting (PRS frequency reuse 6) are presented.
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Figure 3: Horizontal positioning accuracy.


Observation 2
· Anchored D2D-aided positioning provides substantial gains in 2D location accuracy due to increased number of reliable reference sources.
· Non-anchored D2D-aided positioning also shows substantial improvement in 2D location error especially when several assisting nodes are involved.

· Hybrid approach (anchored & non-anchored) shows incremental benefits when both technologies are used.
4 Impact on Specification 
Depending on design options, the support of D2D aided positioning may have relatively small or large impact on LTE specification. For instance, in case of simple proximity detection that can be considered for LTE Rel.13 timeline, the Rel.12 discovery framework can be reused. Additional upper layer changes may be required to support signaling of the positioning related information (e.g. UE coordinates) as well as introduction of sidelink measurements (e.g. SL-RSRP). For more sophisticated positioning based on multilateration, the design of additional procedures to enable UE-UE range measurements is needed. In this case, the Rel.12 communication framework may be considered with possible enhancements to facilitate accurate timing measurements and specification of additional reports and measurements over sidelink to enable D2D aided positioning. The estimates of UE-UE range measurements may be also incorporated to the LTE positioning protocol.
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. From system level perspective, we looked into the anchored (assisting UE knows its own coordinate) and non-anchored (assisting UE does not know its own coordinate) approaches for D2D aided positioning jointly with OTDOA cellular based positioning technology. It was concluded that D2D aided positioning can benefit the cellular positioning technologies in multiple ways such as increased positioning accuracy due to large amount of sources and reliable(accurate) measurements of signal location parameters. It is also clear that performance of the different D2D aided positioning approaches may significantly depend on user density. The algorithms based on proximity detection and timing based range estimation may have different tradeoffs from this perspective. The presented set of simulation results shows that D2D aided positioning can significantly improve the OTDOA only based positioning without PRS muting, when set of accurate RSTD measurements is limited. Furthermore, we see even more potential if D2D transmission BW is further increased in future LTE releases, so that more accurate timing measurements can be achieved. Finally, we conclude that D2D aided positioning can improve user positioning accuracy. There may be multiple protocols/design options to enable this functionality in LTE and therefore it can be considered as a promising direction for future 3GPP studies and standardization.
Observation 1

· The D2D aided positioning has a potential to improve accuracy of current cellular based location services.

· The UE-UE range measurements and/or proximity detection can be enabled through D2D air-interfaces and utilized to improve performance of cellular positioning technologies

Observation 2
· Anchored D2D-aided positioning provides substantial gains in 2D location accuracy due to increased number of reliable reference sources.

· Non-anchored D2D-aided positioning also shows substantial improvement in 2D location error especially when several assisting nodes are involved.

· Hybrid approach (anchored & non-anchored) shows incremental benefits when both technologies are used.
Proposal 1

· Mechanisms for UE-UE range measurements / reporting and proximity detection are considered for the indoor positioning enhancements study.
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Appendix A – System Level Evaluation Assumptions 
In this Section, we provide summary of all simulation assumptions used for current analysis. The relevant set of system level evaluation assumptions as well as system level parameters are provided in Table 1.
Table 1. Summary of system level evaluation assumptions for positioning and timing estimation.
	Positioning method

	OTDOA Positioning Method
	2D and 3D ML positioning problem is formulated and solved by iterative algorithm based on Taylor series expansion method. 

The error weighting matrix is proportional to instantaneous PRS SINR measured over wideband.

Initial guess is the average coordinate of the 5 nodes with unique locations (selected according to largest SINR).

	Cell ID Planning
	No specific planning at small cell layer.
Sectors of Macro cell use orthogonal PRS pattern. Unique Cell IDs are assigned when feasible.

	PRS muting information
	Without PRS muting

	Max number of cells for RSTD measurements
	Maximum number of sources is restricted to 50.
Sources with SINR < -13dB are excluded from considerations, assuming high likelihood of non-accurate timing measurements.

	Reference cell 
	Serving cell (max received power criterion)

	Timing estimation

	Timing estimation
	Search window is restricted to [+/- 200 Ts] relative to the serving cell.
Threshold based algorithm for the first arrival path detection with non-coherent combining across UE antennas.
Low interference subframes are assumed (w/o data and control signals).
Only PRS processing for timing estimation of neighboring cells.

	PRS info
	10 MHz is used for PRS bandwidth. No boosting. No up-sampling is applied.

	Cyclic Prefix
	Extended cyclic prefix was used in analysis.

	D2D positioning part

	Positioning Method
	Extended positioning equation system with UE-UE TOA two-way measurements.

Anchored:

Anchor UEs are treated as usual fixed nodes in the positioning equations.

Non-anchored:

A generalized system of equations with multiple unknown target coordinates and additional UE-UE measurements is solved by ML minimization problem with Taylor series iterative search.

	D2D Positioning Reference Signals
	Wideband UL/SL DM-RS mapped to 10MHz@50PRB bandwidth.

No interference from UL or D2D signals.

D2D transmissions are scheduled in TDM to avoid interference and half-duplex. Two-way protocol is utilized to perform timing measurements.

	Power control
	Maximum power transmission of 23 dBm.

	CP type
	Extended.

	Timing estimation
	Algorithm is reused from the PRS processing.

	Synchronization
	Ideal.

	UE-UE Channel Modeling

	Fast fading
	See [11]

	Pathloss model
	See [11]


PAGE  
1/6










- target UE

- cooperator or anchor UE
- traditional range measurements
- D2D range measurements









- cooperating UEs
- traditional range measurements
- D2D range measurements



