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1. Introduction
Some concerns about ergodicity in SCME channel models were raised in [1] and [2] during RAN4#68. Further studies in [3] presented during RAN4#68bis demonstrated that single cluster SCME implemented with all angles set to the same indeed suffers from a breakdown and should not be used as such.

The multi-cluster SCME UMa and UMi were shown to actually have ergodic behaviour in [4] and will ultimately converge. However, in [4] it is also shown that the choice of polarization phases matters and leads to up to 15% capacity deviation for 20000 subframes, which is used as a minimum for throughput measurements [5]. [4] reports that polarization phases should be chosen carefully by fader vendor in order to get a “faster convergence”.

The fading equation used in [6] shows how the polarization phases are used:
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Looking at the above equation, it appears that the BS antenna pattern and MS antenna pattern are multiplied with those polarization phases and therefore are closely related, i.e. changing the antenna gain will impact the effect of the polarization phases.
It is thus not obvious that “fast-converging” polarization phases set for an antenna configuration will also have a fast convergence for a different antenna configuration. Therefore, when using the reference Bad, Nominal and Good antennas, the fading correlation and capacity might not be fast-converging everywhere. Moreover, changing the UE orientation also changes the applied UE gain and will potentially also impact the speed of polarization phase convergence.
Since it was suggested during RAN4#68bis discussion that polarization phases should be picked in order to get the right channel model validation or the right value, this paper investigates whether selecting the polarization phases properly to match the channel model validation or a capacity target will lead to fast convergence when changing the UE antenna for the SCME UMi and UMa models.
2. Experiment
2.1. Simulation parameters
A set of 1000 SCMe channel realizations using different initial seeds were computed with the public SCMe MatLab implementation [7]. The channel coefficients were generated with the parameters matching the channel model validation of [5] listed in Table 1: 
Table 1: Isotropic antennas simulation parameters
	SCM parameters
	Value

	Center frequency
	751 MHz

	Channel models
	SCME UMa and UMi

	RandomSeed
	1 to 1000

	Simulation time
	36s

	ANT parameters
	Value

	MsElementPosition
	0.5λ

	MsGainPattern
	Isotropic vertically polarized

	BsElementPosition
	0.5λ

	BsGainPattern
	Isotropic vertically polarized

	LINK parameters
	Value

	MsVelocity
	30 km/h

	MsDirection
	120 degrees


2.2. Picking initial seeds

Observing the spatial correlation of all 1000 seeds, deviation as reported in [1],[2] is seen. Spatial correlation results are shown in Figure 1:
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Figure 1: 1000 seeds spatial correlation for vertical antennas
After this first simulation, only phases having a spatial correlation within ±0.002 the target value for 0.3, 0.4 and 0.5λ departure are selected. Only 18 and 64 seeds are respectively kept from UMa and UMi models.

After the seed selection, the spatial correlation results are shown in Figure 2:
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Figure 2: Selected seeds spatial correlation for vertical antennas
When changing the base station configuration into a 45° slanted dipole configuration with 0λ spacing, the spatial correlation becomes as shown in Figure 3:
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[image: image7.png]Spatial correlation for UMi using selected seeds with a X45 eNB

0 01 0.2 0.3 0.4 05

Wavelength [A]




Figure 3: Selected seeds spatial correlation for X45 BS antenna
Some deviation is re-introduced when changing the antenna pattern. The effect is limited for UMa, most likely due to the fact that this model AoD are in [79.6;107.1] and X45 eNB antenna gain is not that different from the vertical isotropic dipole for these angles, as shown in Figure 4 taken from [5, section 8.2].
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Figure 4: X45 eNB gain
2.3. Capacity with reference antennas
The selected seeds are now used with the channel validation criterion in order to measure the theoretical capacity of the good, nominal and bad reference antenna using the X45 base station antenna. Satimo typical data is used for the reference antenna complex gains.
The capacity CDFs for a fixed SNR = 20dB and orientation =0° using reference antennas for the 1000 seeds are shown here in Figure 5:
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Figure 5: Capacity for reference antennas for all 1000 seeds
The theoretical capacity CDFs of the selected seeds is shown in Figure 6:
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Figure 6: Capacity for reference antennas when picking the right channel validation seeds
Even though only 18 and 64 seeds are displayed in Figure 6, the deviation in capacity is close to the 1000 seeds deviation in Figure 5. The deviation figures are shown in Table 2:
Table 2: Capacity CDF deviation at 0.5 for channel validation selected seeds
	Capacity deviation at 0.5 CDF [bits/s/Hz]

	Channel model/seeds
	Good
	Nominal
	Bad

	UMa
	All 1000 seeds
	0.29
	0.32
	0.41

	
	Selected seeds
	0.15
	0.26
	0.35

	UMi
	All 1000 seeds
	0.36
	0.45
	0.47

	
	Selected seeds
	0.25
	0.31
	0.29


The capacity shows same deviation as shown in [1] and therefore picking the polarization phases for a faster channel model validation match is not very relevant. 0.10 bits/s/Hz represents 1Mbits/s capacity deviation for a 10MHz bandwidth.
Now, in order to get a better capacity convergence, the fast-converging seeds for the bad antenna are selected. Only the seeds within a ±0.01 tolerance of the average for 0.2, 0.5 and 0.8 CDF are kept. This time, 16 and 11 seeds are respectively selected for UMa and UMi. The results shown in Figure 7 are obtained with this method:
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Figure 7: Capacity for reference antennas when picking the bad antenna converged seeds
The convergence appears to be better now for the nominal antenna, but it did not work out for the good antenna, it even worked less good for UMa than picking the channel validation compliant seeds. Also consider that the deviation observed on only 16 and 11 seeds might not be fully representative of what we would observe with more picked seeds. The deviation is detailed in Table 3:
Table 3: Capacity CDF deviation at 0.5 for capacity selected seeds
	Capacity deviation at 0.5 CDF [bits/s/Hz]

	Channel model/seeds
	Good
	Nominal
	Bad

	UMa
	All 1000 seeds
	0.29
	0.32
	0.41

	
	Selected seeds
	0.19
	0.11
	0.00

	UMi
	All 1000 seeds
	0.36
	0.45
	0.47

	
	Selected seeds
	0.19
	0.03
	0.01


We also observe that the spatial correlation is observing a lot of deviation when selecting the seed against the bad antenna capacity, as shown in Figure 8:
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Figure 8: Spatial correlation when picking the bad antenna converged seeds
3. Discussion about channel validation procedure
The TR 37.977 [5] channel validation procedure in subclause 8.3 validates the channel model using vertically polarized dipoles antennas for PDP, temporal correlation and spatial correlation. The cross-polarization only measures the channel with the reference BS antenna used for the throughput measurements. This seems to be the understood procedure used in the channel validation reports like [8] and [9].
Seeing the deviation in the results observed in section 2, it might be that one channel model passes the validation when using vertically polarized antennas at the BS and MS but actually does not when switching to the reference BS antenna shown in Figure 4, which is the relevant one for throughput measurement.

It is therefore relevant to reconsider the channel model validation procedure to align it with the configuration used for actual measurements.
4. Conclusion

This contribution has demonstrated that there is no such thing as fast-converging seed or initial phases set due to the fact that this convergence will be dependent on the used antenna pattern or even tilt of the mobile. However, we sometimes observed a limited deviation after picking polarization phases due to the closeness of the different antenna configurations or limited number of seed to compare.
The SCME UMa and UMi models take long to converge and even when picking random polarization phases and keeping them fixed as suggested during RAN4#68bis, up to 15% in capacity variation for 20000 subframes throughput measurements will be observed as shown in [4]. 6% deviation should still be there for 100000 subframes. Due to the fact that picking polarization phases that converges fast enough towards the right value might not converge fast at all for a different antenna configuration (different reference antenna, different device or even different tilt). It is therefore a potentially large uncertainty that needs to be qualified and taken into consideration.
It is therefore highly recommended that labs use as long measurement time as possible because such uncertainty could cause several dB shifts in throughput results on top of the actual uncertainty.
Also, it is relevant to reconsider the channel model validation procedure to align it with the configuration used for actual measurements.
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