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1 Introduction

At RAN #69 a new Work Item was approved for Indoor Positioning Enhancements [1] and a revised WID was approved at RAN #71 [2].  The core work item was completed at RAN #70 in December, 2015. The Performance Work Item was completed in June 2016, except that there are square brackets on the MBS accuracy requirements in 37.171 [3]. 
This contribution presents the case for removing the square brackets in 37.171. 
2 Discussion
At RAN4 #78, it was proposed in R4-161107 [4] to base accuracy requirements on the 50 meter indoor location requirement from the FCC E911 4th R&O. As captured in the chairman’s notes, a requirement of 50 meters was found to be generally acceptable, however it was suggested that analysis be provided that can demonstrate that the requirements are feasible [5].
 A Way Forward was agreed in R4-161237 [6] which included an agreement for requirements on UE MBS performance to be based on the accuracy of MBS code phase measurements.   

At RAN4 #78bis, a skeleton for TR 37.171 was approved in R4-162662 [7] and a Text Proposal for TR 37.171 was approved in R4-162763 [8] but the code phase measurement accuracies were TBDs. 

At RAN4 #79, text was proposed in R4-164436 [11] to replace the TBDs in TR 37.171 with measurement accuracies appropriate for each scenario, and justifications for the proposals were given in two companion contributions R4-164433 [9] and R4-164434 [10]. 
R4-164434 [10] proposed using the A-GNSS UE performance requirements in 36.171 as the baseline for MBS performance, given the similarity between the GPS and MBS signal, and showed how after adjusting for the different specification constraints and methodologies, the measurement accuracy requirements in [11] of 1.6678 X 10-4 ms at Sensitivity and 5.0035 x 10-5 ms for Nominal accuracy are reasonable.

R4-164433 [9] employed a theoretical approach based on the Cramer-Rao bound to justify the measurement accuracy requirements proposed in [11], as applicable to each scenario including Sensitivity, Nominal accuracy, Dynamic Range and Multipath. 
2.1 Sensitivity
The analysis in [9] showed how the achievable measurement accuracy is a function of the peak SNR. For the Sensitivity scenario, the analysis showed that while a peak SNR of 19 dB is achievable when the MBS signal can be integrated across a beacon slot, the measurement error at the 90th percentile can approach 1 x 10-4 ms when the peak SNR is closer to 15 dB. Such peak SNRs are expected when data packet transmissions are used, where the ranging signal is available only in a sub-portion of the beacon slot (integration gains of ~41 dB).
The analysis in [9] further recommended that the measurement accuracy requirements accommodate additional implementation overhead. The requirement of 1.6678 X 10-4 ms, derived from the A-GNSS based analysis was proposed, however it was not clear how that requirement relates to the theoretical analysis. This paper clarifies that with an implementation margin of 4.5 dB, which is within 1-2 dB of what has been used in other studies, the achievable measurement accuracy at the 90th percentile matches the requirement for the Sensitivity scenario in 37.171. This is demonstrated in Figure 1.
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Figure 1: Measurement accuracy for Sensitivity scenario
1.66 X 10-4 ms will be proposed since the reporting range only has an accuracy of 0.48 ns. 
2.2 Nominal
For nominal accuracy, the analysis in R4-164434 [10] showed that using A-GNSS performance as the basis for MBS performance, that 30 m of A-GNSS position accuracy corresponded to 15 meters of MBS position accuracy when adjusted for HDOP and 90th percentile vs. 95th percentile.  Therefore, it was proposed to use 5.0035 x 10-5 ms for the nominal code phase measurement accuracy. This figure will be rounded down to 5.0 x 10-5 ms since the reporting range only has an accuracy of 0.48 ns.
2.3 Multipath 
R4-164433 [9] shows how in the presence of multipath, the accuracy of code phase measurements is a function of the multipath channel properties and the multipath mitigation algorithms at the receiver. 

The EPA 5Hz channel model specified for the Multipath scenario [3] consists of a number of delayed paths that arrive to the UE in close proximity to the line of sight and at similar power levels. The received samples create what is known as a “fat path”, which introduces ambiguity in the code phase estimation, even in the presence of multipath mitigation algorithms at the UE.

As a result, the median code phase error should closely match the first moment of the power delay profile which is about 0.4 x 10-4 ms. At the 90th percentile, the code phase error is expected to be ~1 x 10-4 ms, as seen in Figure 2 of R4-164433 [9]. As for the other cases, it is recommended the measurement accuracy requirements accommodate additional implementation overhead. A measurement accuracy requirement of 1.6678 x 10-4 ms (at the 90th percentile) could be used. 1.66 X 10-4 ms will be proposed since the reporting range only has an accuracy of 0.48 ns.
2.4 Dynamic Range
The Dynamic range test consists of two code phase difference measurements, the high power to high power beacon which corresponds to the nominal test case and the low power to low power beacon which corresponds to the sensitivity test case. Because of this, the low power to low power code phase measurement accuracy should be the same as the sensitivity test case, or 1.6678 x 10-4 ms, and the high power to high power code phase measurement accuracy should be the same as the nominal test case, or 5.0035 x 10-5 ms. This figure will be rounded down to 5.0 x 10-5 ms since the reporting range only has an accuracy of 0.48 ns.
3 Summary

It is proposed that the measurement accuracy requirements be rounded down to the nearest nanosecond and the square brackets be removed from the code phase measurement accuracy requirements in TS 37.171.
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