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1 Introduction
In RAN1 #80bis meetings, it was agreed that
•       D2D aided positioning is also evaluated as one of the potential enhancement techniques for indoor positioning.

–      Required signalling and reports are FFS
This contribution provides discussion on D2D aided positioning.
2 Discussion on D2D assisted positioning
The Device-to-device (D2D) communication and discovery functionality could be provided by the 3GPP system based on UEs being in proximity to each other. The identified areas include some services related to commercial services and some services related to Public Safety.

Based on TR36.843 clause A.4.2.1, the geographic area of operations for D2D ProSe Communication could be up to 1.5 mile radius per incident scene. More commonly, the communication distance may be around 500 m based on channel model defined in TR36.843.
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Figure 1.  D2D pathloss based on TR36.843
2.1 D2D assisted positioning principles
As discussed in RAN4#80bis meeting, device-to-device (D2D) communication and discovery functionality can be used as positioning enhancement method. The target UE use signals from other UEs to determine its location. D2D assisted positioning depends on whether being able to acquire positions of other UEs surrounding target UE. The locations of other UEs can be acquired by methods such as OTDOA, GPS, ECID, etc. 
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Figure 2.  D2D assisted positioning
Step1: Acquired positions of other D2D UEs
OTDOA
Based on evaluation on OTDOA positioning, the accuracy is within 50m [1][2]. However, the other nearby UE will further use its location to determine target UE’s location, which further increases the target UE positioning error. The positioning error of other D2D UE may be too great to afford any useful information for target UE. It is expected that D2D assisted positioning accuracy is degraded due to the position error of the other UE. 
GPS/A-GPS

GPS based positioning is more accurate. However, it requires other D2D UE outdoor. This means other known location UE may all on the ground. If the target UE is located on the higher floor, there is a risk that target UE may have difficulty to receive other UE’s D2D signals.
ECID/CID

ECID/CID positioning accuracy is relative lower than the above methods. The other D2D UE will further use its location to determine target UE’s location, which further increases the target UE positioning error. 

Step2: Acquire position of target UE via other UEs


RSTD

D2D signals such as D2DSS could be used to calculate the time arrival difference of different D2D UEs. If target UE could receive at least 3 other D2D UE signals, it can measure RSTD and use TDOA method to acquire its position. RSTD method requires high synchronization among other D2D UE. Depending on scenarios, the synchronization timing of other D2D UEs is derived from macro cells or other D2D UE. It is expected that the time alignment error of D2D UEs may be larger than macro cell. Further evaluations on D2D signals RSTD measurement accuracy may be needed.
ECID/CID
ECID/CID positioning accuracy is relative lower than the above methods. The geographic area of operations for D2D ProSe Communication could be up to 1.5 mile radius per incident scene. The target UE may have some difficulty to determine its location.
RFPM 
RF pattern matched (RFPM) method generally needs a large number of wireless access points, which in D2D case are other D2D UEs. D2D functionality is not mandatory for E-UTRAN UE. It is expected that the amount of D2D capability UEs may not big enough. Furthermore, a database of radio environment map should already exist before target UE perform positioning. Since the D2D UEs are generally mobile, there are some difficulties to maintain a database for pattern matching.  
2.2 Accuracy Analysis for D2D assisted positioning
Positioning Accuracy of other D2D devices
It is expected that D2D assisted positioning accuracy is degraded due to the position error of other D2D UE. However as enhancement method for indoor positioning, introducing D2D assisted positioning may be helpful.
Amount of D2D UEs
In order to use D2D assisted positioning, target UE and nearby UEs should be D2D capable. However, D2D functionality is not mandatory for E-UTRAN UE. The amount of D2D capability UEs may not be big enough. 
Observation: As proximity services, D2D aided positioning methods may be useful to enhance indoor positioning, such as improving vertical accuracy. 
3 Conclusions

This contribution provides discussion on D2D aided positioning.
Proposal: D2D aided positioning can be used as RAT dependent enhancements for PRS based indoor positioning.
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