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1. Introduction

This paper follows on from the mathematical and simulation results in [1] to include throughput measurements on a real device for different sets of random starting phases. In addition, channel model validation is performed on the channel created using two different seeds that showed diverging performance for the S4 L0 antenna pattern but similar throughput when using a dipole pattern. No significant difference in channel model validation results were observed, indicating that current validation procedures are insufficient to guarantee different channel model implementations will provide consistent throughput when measuring some real devices.
2. Background 
In [1] it was shown through mathematics that the starting phases used in the SCMe channel model defined in [2] have an impact on the channel statistics. This impact is a function of the receiving antenna. Simulations using 100 seeds to generate 100 sets of starting phases showed that the expected throughput at the 70% outage level for a dipole varied by around 2 dB, by around 4 dB for the S4 P0 and by over 6 dB for the S4 L0. It was then shown that two seeds that provided median throughput for the dipole produced diverging results of 3.6 dB for P0 while for the L0 cut, one of the seeds was 2.5 dB better while the other did not reach the 70% threshold.
In [1] the following further work was recommended:

Repeat channel model validation using seeds that provide average dipole performance but show widely diverging performance for different antenna types.

This paper provides channel model validation results for seeds identified as having similar dipole performance but diverging L0 performance. Furthermore, the throughput simulations in [1] have been replaced in this contribution with measurements on a real device.

3. Throughput results for different random seeds
Throughput measurements for UMa on a donor S4 device were carried out using the Keysight UXM and two-stage method with two different antenna assumptions: a simulated dipole and the Landscape 0 degrees (L0) elevation cut from the S4 device used in [3] which showed the largest differences between the MPAC and RTS test methods. The results are in Figure 1.
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Figure 1. Throughput Results Comparison with Different Initial Phases Generated with Random Seeds
These results show that the dipole antenna assumption showed minimal variation in throughput at the 70% threshold of around 0.6 dB while the L0 results showed a spread of 3.2 dB. Such variations in measured performance demonstrate an unwanted coupling between the antenna pattern and the channel model as explained by the mathematics in [1].

4. Channel model validation for outlier seeds

Using the L0 outlier seeds #1 and #5 from Figure 1 the channel model validation procedures defined in [4] were performed. The spatial correlation channel model validation results are shown in Figure 2.
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Figure 2. Spatial correlation for seeds #1 and #5
The spatial correlation pass/fail limits from [5] are shown in Figure 3.
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Figure 3. Spatial correlation pass/fail limits from [5]
The Doppler/temporal correlation channel model validation results are shown I Figure 4.
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Figure 4. Doppler/temporal correlation for seeds #1 and #5
The Doppler/temporal pass/fail limits from [5] are shown in Figure 5.
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Figure 5. Doppler/temporal correlation pass/fail limits from [5]
The PDP channel model validation results are shown in Figure 6.
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Figure 6. Power delay profile for seeds #1 and #5
The pass/fail limits from [5] for PDP are +/- 0.85 dB. The worst case result is around -0.4 dB for cluster 3 at 255 ns.
The XPR channel model validation results are shown in Table 1.

Table 1. Power delay profile for seeds #1 and #5
	Channel model
	Measured V/H ratio (dB)
	Theory (dB)
	Deviation

	Uma with initial phases generated by seed #1 
	7.73
	8.13
	-0.4

	Uma with initial phases generated by seed #5 
	7.64
	8.13
	-0.49


The pass/fail limits from [5] for XPR are +/- 0.9 dB. The worst case result is -0.49 dB for seed #5.

5. Conclusion and recommended next steps

The channel model validation results in Figures 2, 4, 6 and Table 1 show minimal sensitivity to the choice of starting phases and fall well within the pass/fail limits defined in [5]. It can also be seen from Figure 1 that the choice of seeds has only a small impact on the dipole throughput of around 0.6 dB but a much larger impact of 3.2 dB on the L0 throughput. This observation means that the current channel model validation procedures in [4] and [5] using the pass/fail limits in [5] Annex A.2 do not appear to be sufficient to predict the undesirable antenna-specific influence of the starting phase selection of any sub-sampled Laplacian distribution as defined in [2].

It is concluded from the above that it can no longer be safely assumed that channel model validation results that fall within the limits in [5], provide sufficient evidence that the measured channel model will behave as expected when received by real antennas that do not look like dipoles.
This paper and [1] have provided the evidence that an augmented channel model validation procedure is required as part of the validation of MIMO OTA tests methods which employ geometric channel model emulators. The details of such a procedure have not yet been developed but may involve analysis of the combined MIMO encoded signal from the base station emulator rather than CW signals from the channel emulator alone.
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