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1 Introduction
Part of the objective of the SI on indoor positioning enhancements [1], is to evaluate potential 3GPP positioning enhancements for indoor users: 

Evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals [RAN1]

In Meeting #82, [2] proposes further enhancements for OTDOA, including motivation for richer UE feedback. The following late contribution to the same meeting provides simulation results and more discussion to support the impact of richer UE feedback on the RSTD estimation accuracy.

2 Richer UE feedback evaluations
As discussed in [2], the existing RSTD accuracy report is adequate in line-of-sight (LoS) conditions when the time of arrival (TOA) estimates reflect the LoS component. However, if the UE receiver selects an NLoS component to reflect the TOA estimate, then the TOA estimate, as well as the RSTD estimate, is biased, resulting in a significant positioning error. 
In the existing reporting format, the UE associates an RSTD with a corresponding uncertainty.  An alternative is if instead the TOA estimator would make soft decisions and report rich cross correlation information such as the time lag of all significant peaks. This could allow the location server to estimate the UE position using multiple hypotheses, and hence an improved positioning accuracy. 

An example of the PRS cross correlation, also called power delay profile (PDP) of the channel is shown in Figure 1a, and 1b. Additionally, the PDP has been modelled by a mixture of Gaussian components to allow efficient PDP report. The need of this PDP report is to avoid the previously discussed thresholding method mentioned in [3], which excludes significant amount of information; instead the PDP report provides PRS correlation function characteristics feedback to the network node. In this example, the Gaussian mixture is created by including all peaks above ¼ of the strongest peak.
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Figure 1. Power delay profile and corresponding Gaussian mixture for a) cell 1, b) cell 2 

Consider the scenario with the two cells in Figure 1. If TOA estimation is based on a thresholding method, the UE receiver may not select the LoS path meaning that the TOA and hence the RSTD will be both biased. Given a Gaussian mixture approximation of the PDP for each cell, we formulate the likelihood of different UE position candidates in relation to the known base station positions at the location server. The likelihood when using  the two cells in Figure 1 are shown in Figure 2 below, where 2a shows the likelihood when the UE reports all taps above ¼ in respect to the strongest tap. Figure 2b illustrates the likelihood when using a UE thresholding approach with RSTDs based on the strongest tap in the PDP. By comparing the likelihood functions shown in Figures 2a and 2b, it is observable that the probability to estimate a more accurate UE position increases with a richer PRS correlation feedback. 
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Figure 2. a) Likelihood when using the proposed reporting method with the two cells in Figure 1, b) Likelihood when UE reports an RSTD based on the strongest tap for the two cells in Figure 1.

The existing method includes the error due to the NLOS propagation in the RSTD accuracy; however, this solution ignores a significant amount of information from the PDP. This is illustrated by once more deriving the likelihoods for the two cells in Figure 1 using RSTDs based on the strongest tap. Figure 3 shows the likelihood when the RSTD uncertainty is increased compared with Figure 2b due to NLOS, the figure shows how the UE position (the red cross) can be estimated with a higher probability compared with Figure 2b. But the likelihood in 2a for the proposed method still shows a significant improvement compared with Figure 3. 
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Figure 3. Likelihood when assuming higher RSTD uncertainty for the measurement between cell 1 and 2 in comparison to Figure 2b
The likelihood per measurement are combined into a joint likelihood, and the UE position can be estimated by finding the position that maximizes the likelihood, 
To evaluate the proposed approach  with the existing solution, method 1 and 2 refer to  two UE thresholding approaches that are evaluated for Case 1A of the baseline scenarios defined in [4]  by using the likelihoods. 
· Method 1 (threshold-based) – The RSTDs are based on the first peak above ½ of the strongest tap in the PDP.

· Method 2 (UE rich RSTD reporting method) – The UE reports all taps above ¼ of the strongest tap using a Gaussian mixture reporting format

The corresponding log-likelihoods for the two methods are illustrated by Figure 4a-b
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Figure 4. Log-likelihood for the two methods. Clearly, method 2 provides a more accurate estimate of the UE position.
Figure 5 below shows the horizontal positioning accuracy for Methods 1 and 2. The figure shows how the positioning performance improves with richer PRS cross correlation feedback.  The OTDOA case 1A scenario (macro only) is simulated when using a single PRS subframe for simplicity. This is the explanation for not having the same performance as the one presented for the baseline results.  The result shows the benefits of having richer PRS correlation feedback when using the same network positioning algorithm. The network algorithm is a simple maximum likelihood approach, and improved positioning accuracy can be expected when using more advanced network positioning algorithms.
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Figure 5. Horizontal positioning accuracy using different UE reporting models

The results demonstrate that it is highly relevant to consider rich cross correlation feedback to include information about multiple RSTD hypotheses, since this has the potential to improve the positioning accuracy significantly.
Observation 1: Rich cross correlation feedback to represent multiple RSTD hypotheses can improve positioning performance significantly.
Therefore, we further emphasize the importance of the following proposals from [2].
Proposal 1. Consider rich cross correlation feedback to represent multiple RSTD hypotheses.
Proposal 2: Include the following TP on Rich RSTD measurement reporting as a potential OTDOA enhancement in the TR 37.857.
3 Conclusion
In this contribution, we have evaluated the benefits for richer PRS cross correlation feedback, and have observed significant improvements. Therefore, we make the following observation and repeat the proposal from [2]:
Observation 1: Rich cross correlation feedback to represent multiple RSTD hypotheses can improve positioning performance.

Proposal 1. Consider rich cross correlation feedback to represent multiple RSTD hypothesis.

Proposal 2: Include the following TP on Rich RSTD measurement reporting as a potential OTDOA enhancement in the TR 37.857.
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7
Studied Positioning Technology Enhancements

7.1
RAT-dependent Positioning Technologies


7.1.1
OTDOA Enhancements

Editor’s Note: Other potential OTDOA enhancements are not precluded for evaluation.
7.1.1.3.4
Rich RSTD measurement reporting

In the existing reporting format, the UE associates an RSTD with a corresponding uncertainty.  An alternative is if instead the TOA estimator would make soft decisions and report rich cross correlation information such as the time lag of all significant peaks. This could allow the location server to estimate the UE position using multiple hypotheses, and hence an improved positioning accuracy. 
An example of the PRS cross correlation, the power delay profile (PDP) of the channel, is shown in Figure 7.1.1.3.4.1a, and b. Additionally, the PDP has been modelled by a mixture of Gaussian components to allow efficient PDP report, containing only time lag and weight information. In this example, the Gaussian mixture is created by including all peaks above ¼ of the strongest peak.
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Figure 7.1.1.3.4.1. Power delay profile and corresponding Gaussian mixture for a) cell 1, b) cell 2 

Consider a scenario with two cells and a UE measurement with received PRS cross-correlation as in Figure 7.1.1.3.4.1. Given a Gaussian mixture approximation in the location server of the PDP for each cell, one can form the likelihood of different UE position candidates in relation to the known base station positions. Figure 7.1.1.3.4.2 below illustrates the likelihood, where Figure 7.1.1.3.4.2a shows the likelihood when the UE reports all taps above ¼ in respect to the strongest tap, and Figure 7.1.1.3.4.2b illustrates the likelihood when the UE reports as in baseline with a thresholding approach and RSTDs based on the strongest tap in the PDP. By comparing the likelihood functions shown in Figures 7.1.1.3.4.2a and 7.1.1.3.4.2b, it is clear that the probability to estimate a more accurate UE position for this particular UE increases with a richer PRS correlation feedback. 
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Figure 7.1.1.3.4.2. a) Likelihood when using the proposed reporting method with the two cells in Figure 7.1.1.3.4.1, b) Likelihood when UE reports an RSTD based on the strongest tap for the two cells in Figure 7.1.1.3.4.1.
Figure 7.1.1.3.4.3 compares the conventional method of threshold based RSTD measurement with the method in which the rich cross correlation feedback from UEs have been used for Case 1A with single PRS subframe.
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Figure 7.1.1.3.4.3 Horizontal positioning accuracy using different UE reporting models

To handle NLOS and potential RSTD estimation bias, the UE should be able to report rich RSTD information to reflect multiple RSTD hypothesis. If these time lags are represented relative to the first peak, the representation of the additional peaks becomes very compact. In addition, the UE should be able to report a weight per peak, and a peak variance, either for each peak or a variance in common for all peaks.
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