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1. Introduction

One of the pending items for the RC+CE methodology is to define requirements for the channel model validation. Requirements for the Rayleigh and isotropy validation procedures have already been defined in [1]. This contribution proposes requirements for the three remaining parameters, power delay profile, Doppler and base station antenna correlation.
2. Power Delay Profile
In [2], the channel model validation requirements for PDP for the MPAC methodology were defined. This contribution defined the following limits:

Performance bounds of (cluster power ±0.85dB and excess delay ±11ns).

Given that the RC+CE methodology has the same target values for each cluster, it makes sense to apply the same requirements also for this methodology. Thus, the following proposal is made:

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

The short delay spread low correlation channel model definition includes a UE speed of 30 km/h. This speed results in a spread in the Doppler spectrum, as seen in Figure 1 and Figure 2. The maximum spread is dependent on the UE speed and frequency according to the following equation.
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(1)
where Δf is the change in frequency, Δv the relative speed between UE and BS, c the speed of light and f0 the carrier frequency. Since Δv (and c) is a constant (30 km/h), it can be seen that the Doppler shift is dependent on the carrier frequency. It is thus not possible to set a requirement for the Doppler shift in Hz, since this will be dependent on the frequency band. Instead, a more straightforward approach is to set the requirements based on an equivalent speed, which can be defined as the speed corresponding to the Doppler spread in Hz. For example, at 751 MHz 5 km/h corresponds to a Doppler shift of 3.48 Hz. At 2655 MHz this would correspond to a Doppler shift of 12.30 Hz.
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Figure 1   Results from Doppler validation measurements for the SDLC channel model, 751 MHz. The red vertical lines represent the ideal maximum Doppler shift for 30 km/h (20.88 Hz).
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Figure 2   Results from Doppler validation measurements for the SDLC channel model, 2655 MHz. The red vertical lines represent the ideal maximum Doppler shift for 30 km/h (73.80 Hz).

In order to understand the acceptable deviation in equivalent speed, the impact on the final metric can be studied. Thus, throughput measurements were performed in the RC+CE using the setup in [3]. Measurements using the short delay spread low correlation channel model with three different speeds were performed: 25, 30 and 35 km/h. Figure 3 to Figure 5 show these results for three different UEs operating on three different bands (band 13, 7 and 38). As can be seen from these figures there is no impact on the throughput performance for either of the test cases.
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Figure 3   Results from throughput measurements using the short delay spread low correlation channel model for different UE speeds for a band 13 device.
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Figure 4   Results from throughput measurements using the short delay spread low correlation channel model for different UE speeds for a band 7 device.

[image: image6.png]Band 38 - UE Speed Comparison

29 000}
28 000
27 000{-
26 000
25000
7 24 000
Q.
£ 23000
S 22000}
Q.
§, 21000
2 20000
=
F 19 000
18 000
17 000}
16 000
15 000}
14 000},
74 73 72 71 -70 -69 -68
Power [dBm]





Figure 5   Results from throughput measurements using the short delay spread low correlation channel model for different UE speeds for a band 38 device.

The reasoning and results above lead to the following proposal.

Proposal 2: Calculate the square root of the second central moment of the Doppler spectrum from center frequency to the frequency corresponding to -30 dB (make sure that no noise is included in the calculations). Use the value obtained to calculate the equivalent speed using equation 1. The equivalent speed obtained should be within 30 km/h +/- 5 km/h.

4. Base Station Antenna Correlation

Example results from measurements of the base station antenna correlation can be found in Figure 6, which also shows the ideal correlation for the short delay spread low correlation channel model. As can be seen from this figure, there are statistical variations over the frequency band. Averaging the results over the channel bandwidth gives the results in Figure 7, which provides much more stable values for comparison.
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Figure 6   Results from base station antenna correlation validation measurements for the SDLC channel model.
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Figure 7   Results from base station antenna correlation validation measurements for the SDLC channel model, averaged over the channel bandwidth.

In order to understand the acceptable deviation in correlation, the impact on the final metric can be studied. Thus, throughput measurements were performed in the RC+CE using the setup in [3]. Measurements using the short delay spread low correlation channel model with two variations in the base station antenna correlation were performed (0.05 and 0.2). The reference measurement used the original correlation of the channel model. The measured correlation (at the output of the channel emulator) can be seen in Figure 8.
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Figure 8   Measured correlation for the three test cases used.

Throughput results from measurements using these three variations of the channel model can be found in Figure 9 to Figure 11. These results are obtained for three different UEs operating on band 13, band 7 and band 38. As can be seen from these results there is no impact on the throughput results for any of the test cases.

This reasoning and results lead to the following proposal.

Proposal 3: The amplitude of the complex correlation averaged over the channel bandwidth should be within the interval 0.05 – 0.2.
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Figure 9   Results from throughput measurements using the short delay spread low correlation channel model for different base station antenna correlation values for a band 13 device.
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Figure 10   Results from throughput measurements using the short delay spread low correlation channel model for different base station antenna correlation values for a band 7 device.

[image: image12.png]Band 38 - Correlation Comparison

29 000}
28 000
27 000
26 000
25000
g 24.000| -
2 23000
E}’ 22000
S 21000
£ 20000
= 19 000
18 000
17 000
16 000| -
15 000}/

14 0004
-74 -73 -72 -71 -70 -69 -68
Power [dBm]

——Original correlation

——Correlation 0.05





Figure 11   Results from throughput measurements using the short delay spread low correlation channel model for different base station antenna correlation values for a band 38 device.
5. Conclusions
This contribution proposes the pending requirements for the channel model validation parameters and provides data to support these. Specifically, the following proposals are made:

Proposal 1: Performance bounds for the power delay profile of (cluster power ±0.85dB and excess delay ±11ns).
Proposal 2: Calculate the square root of the second central moment of the Doppler spectrum from center frequency to the frequency corresponding to -30 dB (make sure that no noise is included in the calculations). Use the value obtained to calculate the equivalent speed using equation 1. The equivalent speed obtained should be within 30 km/h +/- 5 km/h.

Proposal 3: The amplitude of the complex correlation averaged over the channel bandwidth should be within the interval 0.05 – 0.2.
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