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1. Introduction

The Further Indoor Positioning Enhancements for UTRA and LTE work item was approved at RAN#71 [1] and revised at RAN#73 [2].
As part of that Work Item, MBS Assistance data has been added to Release 14 LPP [3]. MBS assistance data allows the E-SMLC to make the UE aware of the presence of optional beacon modes including 5 MHz beacons. This document discusses the performance requirements for 5 MHz beacons.   
2. Discussion 

The Release 13 MBS performance requirements in TS 37.171 [4] only included 2 MHz beacons. With the introduction of MBS assistance data in LPP in Release 14 [3], the presence of supplemental 5 MHz beacons can be signaled to the UE. 
The foundations for the requirements that were agreed in Release 13 were based on the analytical methodology in R4-164433 [5]. It was shown that 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:
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R4-1609057 [6] clarified how the integration gain can impact the measurement accuracy, and proposed reducing the significant digits and removing the square brackets which were agreed in CR 001for TS 37.171 [7]. 

R4-164433 [5] contained a graph of 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. Figure 1 contains the corresponding graph of the expected measurement accuracy for the MBS TB2 (5MHz) signal as a function of SNRpk, for the 90th and 1-sigma percentiles in the measurement accuracy distribution.
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Figure 1: Code Phase error as a function of SNRpk
Since the RMS Code Phase error is a linear function of the chip time, it is proposed that the sensitivity, nominal and dynamic range accuracy requirements for 5 MHz (2.5575 Mcps) beacons be scaled linearly from the 2 MHz Beacons (1.023 Mcps) based on the chip time. The proposed values for MBS code phase measurement accuracy are shown in the proposed tables for 37.171 below: 
Table 5.2-1: Requirements for Sensitivity 

	MBS Configuration
	Signal Strength (dBm)
	Code phase measurement accuracy (ms)

	TB1 (2 MHz) [7]
	-130
	1.66 ( 10-4

	TB2 (5 MHz) [7]
	-130
	6.64 ( 10-5 (Release 14 onwards)


Table 5.3-1: Requirements for Nominal Accuracy

	MBS Configuration
	Signal Strength (dBm)
	Code phase measurement accuracy (ms)

	TB1 (2 MHz) [7]
	-30
	5.0 ( 10-5

	TB2 (5 MHz) [7]
	-30
	2.0 ( 10-5 (Release 14 onwards)


Table 5.4-1: Requirements for Dynamic Range

	MBS Configuration
	Signal Strength (dBm)
	Code phase measurement accuracy (ms)

	TB1 (2 MHz) [7]
	-30
	5.0 ( 10-5

	
	-130
	1.66 ( 10-4

	TB2 (5 MHz) [7]
	-30
	2.0 ( 10-5 (Release 14 onwards)

	
	-130
	6.64 ( 10-5 (Release 14 onwards)


R4-164433 [5] 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 [4] 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 [5]. As for the other cases, it is recommended the measurement accuracy requirements accommodate additional implementation overhead. A measurement accuracy requirement of 1.66 x 10-4 ms (at the 90th percentile) is proposed. 
3. Conclusion

Based on the discussion above, it is recommended that RAN4 agree to the measurement accuracy values discussed here and presented in the CR in R4-1701715 [8].
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