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Introduction

At RAN #69 a new Release 13 Work Item was approved for Indoor Positioning Enhancements [1], and the WID was revised at RAN#70 [2]. At RAN4#78, it was agreed that a new 37 series technical specification (TS 37.171) be created for performance for enhanced positioning technologies [3]. The WID was subsequently revised at RAN#71 [4]. At RAN4#78bis, the TP for TS 37.171 was approved [5], with the MBS measurement accuracy requirements as TBD.  

This contribution contains justifications for the MBS measurement accuracy requirements proposed in [6].
Analysis of Expected Measurement Accuracy

The accuracy of code phase measurements, in the absence of multipath, can be shown to be a function of the SNR achieved at the receiver post baseband processing. One can refer to this parameter as SNRpk.  

Since one can assume that the MBS signal [7] is bandlimited and may be modeled as having a spectrum with magnitude  M(f)=sinc(f/fchip), for f<fchip, 0 elsewhere (fchip the chip rate), the RMS error should be closely matched to the Cramer-Rao bound, which for the case of interest is simply:
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Here,  is the RMS bandwidth, which for the case of interest may be computed to be 2.1 times the chip rate.  Hence, the RMS error reduces to:
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The expected measurement accuracy for the MBS TB1 (2MHz) signal as a function of SNRpk, for the 90th and 1-sigma percentiles in the measurement accuracy distribution are shown in Figure 1.
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Figure 1: Measurement error as a function of SNRpk
In general, SNRpk can be estimated as follows:

SNRpk  = (received signal power) + (processing gains) – (thermal noise + noise figure)

The received signal power for the Sensitivity conditions specified in [5] is -130 dBm. Processing gains of around 45 dB can be assumed given integration of the MBS signal received during a beacon slot. The thermal noise following match filtering at the receiver can be assumed to be about -113 dBm . The UE noise figure can be assumed to be 9 dB [8].

As a result, SNRpk at Sensitivity becomes:

SNRpk  = -130 dBm + (45 dB) – (-113 dBm + 9 dB) = 19 dB.
As shown in Figure 1, the measurement error increases significantly when SNRpk drops below 19 dB, approaching 10 x 10-5 ms as SNRpk -> 15 dB. 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) can be used for the Sensitivity scenario in TS 37.171.
When the received signal is at or above the thermal noise threshold (accounting also for the receiver noise figure), such as at the Nominal conditions described in [5], SNRpk is 30 dB or greater, as a result of signal dispreading and integration across one code length or longer. A measurement accuracy requirement of 5.0035 x 10-5 ms (at the 90th percentile) can be used for the Nominal scenario in TS 37.171.
For the Dynamic Range scenario, which consists of tests for the signal at Sensitivity and Nominal signal levels respectively, the requirements for each case can apply directly, assuming AGC designs with response time of O(ms), which are typical. 
Impact of Multipath

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 [5] 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 can be seen from Figure 2. 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) can be used.
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Figure 2: Fat path error distribution in MP scenario

Summary
This contribution analyzed the MBS measurement accuracy requirements that are appropriate for the conditions specified in TS 37.171.
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