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1 Introduction
This document provides an initial evaluation and draft version of reply LS with respect to the received LS from the SA2 WG [1], that studied the support of proximity estimation in the context of the study on extended architecture support for proximity-based services work item. In particular, the following questions are being addressed for pathloss based range estimation:
1) Feedback on the feasibility and benefits of such solution from radio perspective.

2) Please evaluate the accuracy that can be achieved with this solution.

3) Please evaluate the possibility of determining whether the TX power based estimation allows a user to ascertain if it is moving closer or away from a target in a practical and usable way.

4) If the answer to the above is yes, then how many power level would need to be advertised?
2 Considerations on Pathloss Based Range Estimation

The accurate range estimation based on single shot pathloss estimation between two UEs may be challenging to achieve due to multiple factors, including but not limited to:

· Channel propagation conditions:
· Propagation type: The channel attenuation between two terminals may be characterized by either LOS or NLOS propagations condition, where substantial difference may be observed between these two propagation types.
· Shadow fading: The pathloss characterizes average signal attenuation in particular environment at a given distance and is subject to the additional log-normally distributed shadow fading that may significantly contribute to the overall signal attenuation.
· Terminal antenna calibration/configuration:
· The antenna at the UE terminal may be another factor (e.g. spatial pattern and polarization effects) that can contribute to the accuracy of pathloss evaluation and finally the range measurements. These effects need to be taken into account in pathloss measurements.
· Accuracy of received power measurements:
· The pathloss is typically measured based on estimate of the signal received power (e.g. reference signal) assuming that transmit power is known. However, depending on the physical structure of transmitted signal these measurements may be inaccurate and thus contribute to the accuracy of pathloss estimation.

· Other factors (density of deployed terminals and utilized TX power).
The listed above and many other factors may negatively contribute to the accurate mapping of the estimated pathloss to the range values between terminals. In the next section, we provide initial analysis trying to match the estimated pathloss to the distance and assuming that channel propagation type and shadow fading are either known or unknown.
3 Evaluation and Accuracy (Link/System-level performance)
In this section, we provide link and system level simulation results showing the accuracy that can be achieved for range estimation by using path loss equation. For analysis, the D2D public safety scenario with hotspots was selected for initial analysis of range estimation based on proximity detection. This scenario uses path loss channel model from D2D TR 36.843 [4] as a large scale channel model between D2D nodes and it was used for evaluation during RAN1 work on D2D.

To estimate distance based on path loss estimates the known path loss channel model was used. Two variants of channel propagation type were evaluated:
1) Channel propagation type is known (i.e. either LOS or NLOS model);
2) Channel propagation type is unknown.
Figure 1 shows RMSE of path loss based range estimation error vs. real distance between nodes. As it could be seen even with ideal knowledge of path loss model (i.e. except shadow fading), as shown in Fig. 1(a), the accuracy of range estimation is dramatically decreased with increase of distance between nodes. In case when channel propagation type is not perfectly known, as shown in Fig. 1 (b), one of two channel types are assumed. As a result the performance degrades more dramatically. Fig. 1(b) shows the real distances between D2D nodes, the bias of estimation become large and thus RMSE performance.
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	(a) Ideally known propagation type
	(b) Unknown propagation type


Fig 1. Link level simulation results for distance estimation error RMSE.
In addition to the presented above results, the system level study was conducted and the statistics of distance estimation error were collected. As a system level performance an absolute and relative range estimation error were chosen.
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	(a) Absolute range estimation error
	(b) Relative range estimation error


Fig 2. CDF of range estimation error.
Observation 1
· Conducted analysis shows that accuracy of pathloss based range measurement significantly depends on propagation type (LOS/NLOS) and shadow fading.
4 Conclusions

The accurate range estimation between two UEs based on single shot pathloss measurement may be rather inaccurate due to multiple factors, as described in this contribution. On the other hand, as it was reported in [2]-[3], the sidelink air-interface may be used to improve performance of cellular positioning technologies by using D2D aided positioning based on proximity and trilateration/multilateration. The performance of these techniques may depend on the density of terminals participating in user positioning and availability of geographical coordinates. Based on the discussion above we propose the following draft LS reply proposed in the next page.
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Overall Description:

RAN1 WG would like to thanks SA2 WG for sending the LS on coarse proximity estimation based on path loss (S2-152699). RAN1 discussed it and would like to inform SA2 WG that there were no extensive evaluations of the range estimation based on pathloss measurements. However, from general considerations RAN1 would like to notice that range estimation based on pathloss measurements may be rather inaccurate due to the following factors:
· Channel propagation conditions:

· Unknown propagation type/model: The channel attenuation between two terminals may be characterized by either LOS or NLOS propagations condition, where substantial difference may be observed between these two propagation types.

· Shadow fading: The pathloss characterizes average signal attenuation in particular environment at a given distance and is subject to the additional log-normally distributed shadow fading that may significantly contribute to the overall signal attenuation.

· Terminal antenna calibration/configuration:

· The antenna at the UE terminal may be another factor (e.g. spatial pattern and polarization effects) that can contribute to the accuracy of pathloss evaluation and finally the range measurements. These effects need to be taken into account in pathloss measurements.

· Accuracy of transmit power settings and received power measurements:

· The pathloss is typically measured based on estimate of the signal received power (e.g. reference signal) assuming that transmit power is known. However, depending on the physical structure of transmitted signal these measurements may be inaccurate and thus contribute to the accuracy of pathloss estimation.

· Other factors: density of deployed terminals and utilized TX power.

At the moment, RAN1 does not have a plan to evaluate the accuracy that can be achieved for range estimation based on the pathloss measurements, since this may require quite substantial amount of efforts and the conclusion may depend on the deployment scenario and other factors. 
2. Actions:

To SA2 group.

ACTION: 
RAN1 kindly asks SA2 to take the above answers into account.
3. Date of Next TSG-RAN WG1 Meetings:
3GPPRAN1#82-BIS            5 - 9 Oct 2015, Malmo, SE
3GPPRAN1#83                  16 - 20 Nov 2015, Anaheim, US
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Appendix – System Level Evaluation Assumptions 
In this section, we provide summary of simulation assumptions used in 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 link/system level evaluation assumptions for range estimation based on estimated pathloss

	Link/System level assumptions

	Detection of LOS/NLOS propagation type
	1) Ideal detection (known)

2) No detection (unknown)

	Deployment scenario for system level evaluations
	Public Safety Scenario 5, outdoor hotspot user drop [4]

	Observed channel propagation environment 

(according to the evaluated scenario)
	Outdoor-to-Outdoor

	UE TX power
	23 dBm

	Performance metric
	Absolute/Relative range estimation error CDF,
RMSE of range estimation error
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