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1 Introduction

So far, the main progress for the indoor positioning enhancements study item [1] is on scenario and evaluation definitions. One of the goals stated in the SID, 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]
This contribution discusses some potential enhancements related to the existing RSTD reporting supporting OTDOA.
2 RSTD Reporting
The UE estimates the time of arrival of a reference cell and other detected cells based on the received assistance information from E-SMLC. Then, the UE computes the Reference Signal Time Difference (RSTD) of each detected cell in relation to the reference cell. The RSTD subject to a quantization with a resolution of 1 Ts for RSTDs within ± 4096 Ts, and 5 Ts otherwise (1 Ts = 1/(15000 x 2048) sec is the LTE basic time unit) [2, Section 9.1.10.3].
In addition, the UE estimates the RSTD measurement quality and reports the uncertainty via a range 

[nR, (n+1)R-1], 

Where the reporting resolution is R = {5, 10, 20, 30} meters, and n is an index to indicate the value range within which the RSTD uncertainty is estimated to be [3, Section 6.5.1.5].
3 Related Improvements
In contributions to RAN1 #80, there were proposals to widen the bandwidth of the Positioning Reference Signal to 20 MHz. That would provide more positioning symbols within each subframe, and thereby enable better time synchronization performance. 

Moreover, also the current mapping of the PRS sequence on time/frequency resource elements causes some auto-correlation issues that can lead to time synchronization errors with some receiver implementations. This is also addressed as a potential area for improvements [4].

In theory, these improvements can provide significant benefits. However, these benefits may be completely suppressed by the RSTD reporting limitations.

Observation: The benefits of some considered enhancements may not provide any location accuracy benefits given the current RSTD reporting limitations.

4 Refined RSTD Reporting 

There are several indications that current UE receiver implementations can estimate the RSTD at a finer resolution than the current RSTD reporting resolution, which corresponds to 9.8 meters. For example, baseline evaluations indicate that performance is much restricted by the RSTD quantization [5]. Furthermore, there are also academic results [6] showing that the Cramer-Rao Lower bound for timing estimation based on LTE PRS signals, as well as estimators almost attaining the bound, are well below the RSTD resolution for intermediate to good SNRs.
Therefore, the current RSTD reporting resolution is unnecessarily limiting, and we propose the following

Proposal 1: Evaluate benefits of finer RSTD reporting resolution, at least including 0.5 Ts and 0.25 Ts.

Moreover, the RSTD measurement quality reporting is difficult to assess, since it does not indicate the nature and statistical properties of the received PRSs and associated radio conditions. Aspects like SNR and channel dispersion have critical effects on the estimation. Also indications that the PRS may be subject to NLOS propagation could help the location server to properly asses and weight the RSTD measurement in the location algorithm.
Proposal 2: Evaluate benefits of alternative and refined RSTD measurement quality assessments.

Currently, RSTD reports are only sent via LPP. However, RSTD via RRC enables time alignment of information from the UE such as RSTD and information established in the eNB such as AoA. It also enables multiple RSTD over a response time window in a resource efficient manner compared to only one RSTD report. Further it enables coordination of PRS transmissions and low interference subframes over X2. 
There is also another use of RSTDs associated to indoor small cells, and that concerns time synchronization of the small cell in relation to a macro cell. Normally, macro cell time synchronization is based on GNSS, but without GNSS coverage indoors, small cells need a different solution. Therefore, there are other benefits than positioning improvements associated to RSTD reported via RRC.

With RSTDs reported via RRC to the eNB, these can be conveyed to E-SMLC via LPPa as part of E-CID and can thereby be time aligned with other E-CID information. This enables hybrid E-CID positioning that also can consider reported RSTD. The assistance information can still be conveyed via LPP, or alternatively via LPPa+RRC. 
Proposal 3: Investigate configuration options and benefits of RSTD reporting via RRC + LPPa.
5 Conclusions
In this contribution we have discussed some potential positioning enhancements, and have the following proposals:

Proposal 1: Evaluate benefits of finer RSTD reporting resolution, at least including 0.5 Ts and 0.25 Ts.

Proposal 2: Evaluate benefits of alternative and refined RSTD measurement quality assessments.

Proposal 3: Investigate configuration options and benefits of RSTD reporting via RRC + LPPa.
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