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1. Introduction
In 3GPP RAN #65 meeting, SID of “Study on Indoor Positioning Enhancements for UTRA and LTE” was approved for Release 13 study [1]. Part of objective in this SI is as below,
“The objectives of this study item are to study techniques for indoor positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc and RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems, etc).  The goals are to study potential 3GPP positioning enhancements in indoor and other challenging environments (e.g. urban canyons).”

In this contribution, we discuss the D2D-aided positioning enhancement schemes. 
2. D2D-aided positioning enhancements
As discussed in [2], D2D-aided positioning can be considered for positioning enhancement scheme. There may be UEs having its positioning information accurately in cellular network. For example, outdoor UEs can obtain its location information from GPS or even indoor UE can obtain its positioning information via LTE or WiFi/Bluetooth based positioning. Let us call this UE as H(helper)_UE. D2D-aided positioning can utilize H_UE’s positioning information or H_UE’s measurements. 
One naive approach using D2D-aided positioning is that H_UE transmits pilot signal such as discovery or synchronization signal for positioning measurement and target UE measures the signal to obtain the RSTD corresponding to the H_UE. However, this approach would result in a significant positioning error since H_UE’s transmission timing uncertainty is too large, i.e. 16 Ts, which will cause approximately 150 m positioning error. Hence, for target UE to measure H_UE’s ToA/TDoA might not be a desirable approach. 

Observation 1: Measuring H_UE’s ToA/TDoA for target UE might not be a desirable approach.

D2D-aided OTDOA enhancement
In Rel. 12 D2D, discovery functionality was specified. If UE is discovery capable, the target UE can discover some H_UEs in vicinity or H_UE detects the target UE’s discovery signal. If target UE and/or H_UE report discovered UE IDs and/or discovery measurements to location server, the location server triggers OTDOA operation for H_UEs and the target UE, or the location server has already H_UE’s RSTD measurements if H_UE has its positioning information by OTDOA. When the location server calculates the position of the target UE, H_UE’s RSTD information or H_UE’s location information can be beneficial. For example, if the target UE has poor RSTD measurements, RSTD information of H_UEs in the vicinity can be used for the target UE’s positioning. 
D2D-aided centroid method

If there are many H_UEs around a target UE, D2D aided centroid method can be beneficial. A target UE receives discovery signals in which location information can be included. When the target UE receives multiple H_UEs’ discovery signals, the target UE’s location can be estimated by the weighted average of H_UE’s locations. We call this method as D2D aided centroid method. The location information of target UE can be calculated by location server. For example, if a target UE discovers multiple H_UEs with vicinity, the target UE reports discovered H_UE’s ID and D2D signal measurement quality (if this information is not provided to location server, simple averaging can be done.) to location server. If H_UE’s location information is already reported, the location server can calculate the target UE’s location by the centroid method.  Fig. 1 illustrates an example of centroid method. Note that this method can be beneficial when there are many H_UEs. Location server can trigger this method when UE density is high. 
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Figure 1 An example of D2D aided centroid method
D2D-aided vertical positioning enhancement (D2D-aided floor identification) 
H_UE’s partial location information such as vertical information can be used for indoor positioning enhancement. For example, target UE’s floor identification can be performed by the weighted average of multiple H_UE’s vertical information or the selection of the floor as the strongest one among discovery signals of multiple H_UEs. If a target UE detects H_UE’s discovery signals, the target UE can select the best one or calculate the weighted average of H_UE’s vertical positioning information. Note that this method can be considered as D2D aided centroid method using partial location information. In this case, horizontal positioning can be performed by existing positioning method such as OTDOA. Vertical information of H_UEs can be only used for positioning information calibration of target UE. The strongest H_UE selection among discovered H_UE’s positions is regarded as a special case of weighted sum of H_UE’s positions. For instance, this method would be beneficial for scenario when some of target UEs turn off WiFi/Bluetooth circuits for battery saving. Such target UEs cannot get help from WiFi APs even though there are many WiFi APs since their WiFi circuits are turned off. If there is H_UE aided by Wifi AP, the H_UE can help the target UEs via D2D discovery signal.  
D2D-aided UTDOA enhancement

Fig. 2 illustrates UTDOA enhancement using D2D-aided positioning method where a target UE transmits uplink signal e.g. SRS or D2D signal, and H_UEs measure ToA from the target UE and report its positioning information and its measured ToA of the target UE. For this operation, network can signal some assisted information for H_UE to measure target UE’s signal such as reference timing of ToA measurement. 
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Figure 2 D2D-aided UTDOA
Proposal: The following D2D-aided positioning enhancements can be considered as potential enhancement schemes of indoor positioning, 

 1) D2D-aided OTDOA enhancement
 2) D2D aided centroid method

 3) D2D aided vertical positioning enhancement (D2D-aided floor identification)
 4) D2D-aided UTDOA enhancement
3. Evaluation results 

In this section, we provide preliminary system level evaluation results of D2D-aided positioning. We herein consider the D2D aided vertical positioning (i.e., D2D-aided floor identification) for evaluating the performance of vertical location estimation. Specifically, we assume that target UE’s floor identification is performed by the selection of the floor as the strongest H_UE among discovery signals of multiple H_UEs. For evaluation purpose, simulation assumptions described in our companion contribution [3] are utilized. The simulation results for case 1 without any small cell (i.e., macro-only scenario) and for case 2 are also presented for comparison. The CDF of the vertical location estimation error is shown in fig. 3 and the 40, 50, 70, 80, and 90-percentile of the CDF for case 1 are given in Table 1. 
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Figure 3 CDF of location estimation error in terms of vertical domain

	
	Ratio between average number of helper UEs and normal UEs per macro cell [3]

	
	0.1
	0.3
	0.5

	40-percentile error [m]
	3.00
	0.00
	0.00

	50-percentile error [m]
	3.00
	0.00
	0.00

	70-percentile error [m]
	6.00
	3.00
	0.00

	80-percentile error [m]
	6.00
	3.00
	3.00

	90-percentile error [m]
	9.00
	6.00
	3.00


Table 1. Vertical positioning error of D2D aided positioning.

From simulation results, it is observed that D2D aided positioning can provide significant performance improvement of indoor positioning compared with macro-only scenario. In other words, the vertical location estimation, such as floor identification, of indoor UEs is aided by H_UE considerably even under the situation where no indoor small cell is deployed. Obviously, as the ratio between average number of H_UEs and normal UEs per macro cell is increased, more H_UEs are expected to be located in the same building as the target UE (and furthermore in the same floor) and thereby the floor identification will reduce the vertical positioning error with higher probability. 
Observation 2: D2D aided vertical positioning such as floor identification assisted by H_UE can be helpful for indoor positioning.
4. Conclusion
In this contribution, we discussed the D2D-aided positioning enhancement schemes. Based on the discussions, the following proposal and observations were made: 
Observation 1: Measuring H_UE’s ToA/TDoA for target UE might not be a desirable approach.
Proposal: The following D2D-aided positioning enhancements can be considered as potential enhancement schemes of indoor positioning, 

 1) D2D-aided OTDOA enhancement
 2) D2D aided centroid method

 3) D2D aided vertical positioning enhancement (D2D-aided floor identification)

 4) D2D-aided UTDOA enhancement
Observation 2: D2D aided vertical positioning such as floor identification assisted by H_UE can be helpful for indoor positioning.
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