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1 Introduction

Part of the objective of the WI on further indoor positioning enhancements [1] consists of

For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item[2] as the starting point [RAN1]

b) Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]
Evaluation of richer UE feedback in [3] showed promising results in terms of positioning accuracy. In this contribution, we further discuss the potentials of a richer UE feedback.
2 Richer UE feedback
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 peak. However, if the UE receiver selects a non-LoS (NLoS) peak to reflect the TOA estimate, then the TOA estimate, as well as the RSTD estimate, is biased, resulting in a significant positioning error.  In [3], simulation results showed increased accuracy of a richer UE feedback, thus,
Observation 1: Rich cross correlation feedback to represent multiple RSTD hypotheses can improve positioning performance.
In order to benefit from the proposed enhancements in the study item [4], a reporting format that could allow the location server to estimate the UE position using multiple hypotheses is beneficial. For example, the impact of randomized PRS patterns for reduced need of muting will create more interference, and a reporting format that is not as heavily impacted by peaks caused by an interfering signal is desirable. That is, a rich UE feedback can reduce the possible error of peaks caused by interfering signals. Furthermore, richer UE feedback can also reduce the need of muting since the peaks of interfering signals can be handled by the multiple RSTD hypotheses at the location server.
Observation 2: Rich cross correlation feedback can reduce the error caused by interfering signals.
The benefit of increased positioning accuracy comes with a cost of increased UE reporting. However, the time lags of the different peaks (possible TOA estimates) from a cell are close in time and this property can be used to create a compact reporting format. For example, if these lags are represented relative the first time lag, very few bits are needed to represent each peak, which means that the additional signalling costs are very limited, especially compared to the potential benefits. 
Observation 3: The reporting format can be made short using compact reporting format.
One example illustrating the rich UE feedback method is shown in Figure 1. In Figure 1, the TOA estimate is accurate for eNB 1 and 3, while eNB 2 is having two candidate TOA estimates allowing multiple hypothesis (depicted in the grey area)  at the location server. The uncertainty for eNB 2 can be caused by weak LoS peak or an interfering signal. The RSTDs reported in this example are (τ1- τ2; τ1- τ3; τ1- τ2,1; τ1- τ2,2) .
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Figure 1: Multiple hypothesis in position estimation using rich UE feedback
Another example from simulations in [3] is shown in Figure 2. The likelihood of possible horizontal UE positions when considering two eNBs using existing reporting format is shown in Figure 2b, while the proposed method is shown in Figure 2a. The figure also shows the actual position of the UE and the locations for eNB1 and eNB2. By comparing the likelihood function of possible UE locations in Figures 2a and 2b, it is observable that the probability to estimate a more accurate UE position increases with a richer RSTD UE feedback.
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Figure 2a: Likelihood when using the proposed reporting method
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Figure 2b: Likelihood when using the existing reporting method


We can conclude that it is highly relevant to consider rich UE feedback to include information about multiple RSTD hypotheses, since this has the potential to bring down the positioning accuracy significantly.

Proposal 1: Define rich RSTD UE feedback to enable multiple RSTD hypotheses as one enhancement for indoor positioning.
3 Conclusions
In this contribution we have discussed a rich UE feedback, and have the following observations and proposals:

Observation 1: Rich cross correlation feedback to represent multiple RSTD hypotheses can improve positioning performance.
Observation 2:  Rich cross correlation feedback can reduce the error caused by interfering signals.

Observation 3: The reporting format can be made short using compact reporting format.

Proposal 1: Define rich RSTD UE feedback to enable multiple RSTD hypotheses as one enhancement for indoor positioning.
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