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1
Introduction

The MPAC SCME UMi PDP is defined in [1], but there are currently no defined performance bounds to validate the acceptable performance.  
2
Detail
The primary channel model chosen for performance and harmonization is SCME UMi. This contribution relies on the analysis presented in [2] to define the PDP bounds for SCME UMi.
For PDP validation, 1000 samples are taken at the center of the test volume, which leads to some uncertainty in the average power due to lack of convergence.  
For example, the standard deviation of the average power obtained from an i.i.d. Rayleigh fading process having 1000 independent samples is about σ=0.14 dB.
When normalizing each tap to the first tap, which is now 0dB, there is an increase in uncertainty for the other taps by sqrt(2).  Thus the expected uncertainty will increase to σ = 0.137*sqrt(2) = 0.1943 dB.  

Each output port uncertainty is the combination of terms representing the channel emulator output and the amplifier.  This includes terms of CE stability, temperature variation, amplifier stability and linearity.  Using the uncertainty values in [2] for these quantities:  Port Uncertainty = sqrt( (0.5/sqrt(3))^2 + (0.4/sqrt(3))^2 + (0.3/sqrt(3))^2 + (0.1/sqrt(3))^2) = 0.41 dB.

The vertical power is the sum of powers from the 8 probes.  If these were equal powers, the uncertainty would drop by 1/sqrt(8).  However, the powers are not uniform but are dominated by a couple of ports to represent the spatial characteristics of the channel.  The effect of the combination of unequal powers on the Port Uncertainty was determined to be a factor of approximately 1/sqrt(2.4), and this value was consistent across the different taps.

Thus, the combined uncertainty is:   σ = 0.41/sqrt(2.4) = 0.27 dB for each tap.  It is this combined signal that is sampled in the test volume as a fading waveform.

From the discussion above it was shown that measuring 1000 samples of a Rayleigh fading waveform results in an average power estimation error of 0.14 dB.

Thus, the uncertainty of the 1000 sample average powers in the test volume is:

Uncertainty in the Pow average = sqrt(0.27^2 + 0.14^2) = 0.30 dB

When the PDP is normalized, we expect this uncertainty to increase by sqrt(2), so this results in: Uncertainty in the Pow average per Tap = 0.3*sqrt(2) =  0.424 dB.

For a 95% confidence level of ±2 Sigma, this results 2*0.424 = ±0.85 dB.  
The current procedure includes an iFFT to convert the recorded power samples versus frequency into the time domain to evaluate the power delay profile.  The VNA bandwidth is set according to the maximum delay required to observe the PDP for UMa (see [1]), i.e. 200 MHz 5 ns time resolution with a maximum delay of 5*1101 points = 5.5 us.  

This causes the signal to be spread out across multiple time bins, primarily due to the locations of each of the midpaths and where they fall within the time bins.  i.e. the mid-paths fall outside of a single time bin, therefore for an accurate measure of the PDP, the power should be integrated over several time bins surrounding the peak time sample of each tap.  E.g. integrating the power across ± 4 time bins adjacent to the center bin reduces the error in measuring the PDP powers significantly.  

Finally, since the resolution is 5ns, a prudent bounce in the excess delay error is 2 time bins plus 1ns to take into account up to 30cm of difference in path delays. So the proposal for the excess delay tolerance is ±11ns.
The target PDP for validation must take into account that the system transmits with dual-pol antennas, and receives with a single dipole at the center of the test volume. Below are the such targets.

	Cluster
	Excess Delay ns
	Power dB

	1
	0
	0

	2
	285
	-1.3

	3
	205
	-3.0

	4
	660
	-4.5

	5
	805
	-6.0

	6
	925
	-8.6


3
Conclusions
Proposal 1: Performance bounds of (cluster power ±0.85dB and excess delay ±11ns).

Proposal 2: Performance bounds include the running average with nine elements. 
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