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1. Introduction
This paper aims at evaluating the impact of initial seed on channel model properties for the geometric implementation of the SCME channel models. The influence of the cross-polarized base station antenna configuration used in [1] is also investigated. 
Previous proprietary studies had suggested that initial phases do have an impact on channel properties and it has been shown that the throughput test results depend on the initial seed [2]. 

This paper aims to provide theoretical values for the channel statistics proposed to validate the SCME channel model implementation. [1] provides no theoretical temporal and spatial correlation curves for the Single cluster (SC) version of the UMi and UMa model for instance. 
The investigated channel properties are:

· PDP

· Spatial and temporal correlation at the receiver

· Cross-polarization

· Channel condition number  and channel capacity
2. Isotropic vertically polarized antennas
2.1. Simulation parameters
A set of fifty SCMe channel realizations using different initial seed were computed with the public SCMe MatLab implementation [3]. The channel coefficients were generated with the parameters listed in Table 1: 
Table 1: Isotropic antennas simulation parameters
	SCM parameters
	Value

	Center frequency
	751 MHz

	Channel models
	SCME UMa MC/A*, UMi MC/A, UMa SC/A, UMi SC/A

	RandomSeed
	1 to 50

	NumTimeSamples
	30000

	SampleDensity
	20

	Random phase initializations per realization
	1

	ANT parameters
	Value

	MsElementPosition
	- 0.01λ to 0.6λ for spatial correlation
- 0.5λ for PDP, temporal correlation, cross-polarization and condition number

	MsGainPattern
	- Isotropic vertically polarized
- Isotropic H/V polarized for cross-polarization

	BsGainPattern
	Isotropic vertically polarized

	BsElementPosition
	0.5λ

	LINK parameters
	Value

	MsVelocity
	30 km/h

	MsDirection
	120 degrees


* MC/A refers to the unmodified SCMe channel model as opposed to the /B version with the 15 degree shifted AoD
Even though [1] recommends using only 20000 subframes (20s) for the throughput measurements, the simulation time used was approximately 36 seconds to ensure that the realization is converged. No random phase re-initialization is made during the realization.
2.2. PDP

The power delay profile is generally stable and shows a minimal deviation in between seeds. The results are shown in Figure 1:
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Figure 1: Isotropic antennas 50 realization PDPs
However, the UMi MC model shows deviation for the delay tap 2, which varies between -2.32dB and -3.16dB from one realization to another. This tap has a 0.28dB standard deviation. It correspond to the tap that has an AoA=146.1° whereas all the other taps have an AoA in [-30.5; 0.7].
By increasing the fading time to 120 s, the PDP finally converges for UMi MC as shown in Figure 2.
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Figure 2: UMi MC 50 realization PDPs for 60s, 90s and 120s of fading

The standard deviation decreases as the simulation time increases: 0.28 dB for 36 s, 0.16 dB for 60 s, 0.05 dB for 90 s and 0.05 dB for 120 s. This tap needs longer than 36 s to be fully converged. However, 0.28 dB is probably a small enough deviation not to cause any significant change in the channel properties.
2.3. Temporal correlation
The temporal correlation also shows stable behaviour for the 50 realizations as shown in Figure 3.
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Figure 3: Isotropic antennas 50 realization temporal correlation
2.4. Spatial correlation
The antenna separation was moved from 0.01 λ to 0.6 λ and the correlation was measured in between Tx1/Rx1 and Tx1/Rx2 in order to retrieve the spatial correlation. Curves are displayed in Figure 4:
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Figure 4: Isotropic antennas 50 realization spatial correlation
The deviation in between realizations is very large for the SC channel models. The correlation for 0.5λ separation is plotted in Figure 5:
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Figure 5: Isotropic antennas 50 realization spatial correlation at 0.5λ
SC channel models follow the same variations depending on the initial phase set. The deviation for the MC models is lower. The simulation time was then increased in order to see whether the convergence towards inter-seed average is better. The increased simulation time results are detailed in Figure 6 and Table 2:
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Figure 6: UMa MC and SC Isotropic antennas 50 realization spatial correlation for 60s, 90s and 120s of fading
Table 2: Spatial correlation standard deviation against simulation time
	Channel model
	Simulation time (s)
	Correlation at 0.5λ

	
	
	Max deviation
	Standard deviation

	SCME UMa
	36
	0.07
	0.02

	
	60
	0.05
	0.02

	
	90
	0.05
	0.01

	
	120
	0.05
	0.01

	SCME UMa AoA=0
	36
	0.53
	0.12

	
	60
	0.53
	0.12

	
	90
	0.53
	0.12

	
	120
	0.53
	0.12


Increasing the simulation time did not significantly improve the convergence. Longer time removed some extreme values for the UMa MC channel model, but did not improve the convergence. The conclusion is that spatial correlation has non-ergodic behaviour with respect to the random seed, particularly visible for the SC models.
2.5. Cross-polarization

The cross-polarization is generally found to be converged between realizations:
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Figure 7: Isotropic antennas 50 realization cross-polarization
However, the cross-polarization for UMi MC/A has a significantly larger deviation than the other models (0.06 dB standard deviation). The converged value is 0.89 dB for UMi MC and SC, and not 0.83 dB as [1] suggests. 
If the simulation time is increased for UMi MC/A, better convergence is obtained. See Figure 8 for 120s of fading coefficients:
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Figure 8: cross-polarization for 120s of fading for UMi MC/A
2.6. Condition number
The condition number is defined as the ratio of the eigenvalues of the 2x2 channel matrix. The log of the condition number is an approximate measure of the increased SNR required to demodulate the signal and therefore the condition number is a predictor of the channel capacity. Due to the channel fading, the instantaneous condition numbers vary across a wide distribution which is best analysed using a CDF plot for each realization. This indicates how good the channel matrix is conditioned for MIMO transmissions.
The CDF of the condition numbers for the 50 realizations is shown in Figure 9:
[image: image25.png]CDF

Condition number CDF over 50 realizations for UMi MC/A and UMa MC/A

— UMa MC/A
— UMi MC/A

Il
0 10 20 30 40 50 60 70
Condition number [dB]




[image: image26.png]Condition number CDF over 50 realizations for UMi SC/A and UMa SC/A

— UMa SC/A
—— UMi SC/A
T

60 70

Condition number [dB]




Figure 9: Isotropic antennas 50 realization condition number CDF
The single cluster models show a large dependency of condition number vs. realization. The UMi models seem to have better condition number stability than the UMa models.
Table 3: Spatial correlation and condition number results for isotropic antennas
	Channel model
	Correlation at 0.5λ
	Condition number [dB]

	
	Mean
	Min
	Max
	Std dev.
	Mean
	Min
	Max
	Std dev.

	SCME UMa
	0.55
	0.52
	0.59
	0.02
	42.45
	41.95
	42.94
	0.21

	SCME UMa AoA=0
	0.29
	0.09
	0.62
	0.12
	42.17
	38.06
	45.60
	1.55

	SCME UMi
	0.07
	0.03
	0.10
	0.01
	12.34
	12.10
	12.61
	0.10

	SCME UMi AoA=0
	0.30
	0.10
	0.59
	0.12
	12.47
	10.89
	13.94
	0.83


2.7. Channel capacity

As expected, the channel capacity shows a similar behaviour as the condition number. For example, the channel capacity for 20 dB SNR is shown in Figure 15:
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Figure 15: isotropic vertically polarized antenna 50 realization channel capacity CDF
3. Cross-polarized dipole antennas

The same experiment was repeated using two slanted dipoles at +45 and -45 degrees for the base station as defined in [1] and vertical dipoles separated by 0.5λ for the MS. 
The parameter list is the same as in Table 1 with the updated BS antenna shown in Table 4
Table 4: X45 BS antenna simulation parameters
	ANT parameters
	Value

	BsElementPosition
	0λ

	BsGainPattern
	Two 45° slanted dipoles as described in [1]


3.1. PDP

The PDP varies significantly more for a dual-polarized X45 eNB configuration, as shown in Figure 10.
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Figure 10: X45 antenna 50 realization PDPs
The PDP has more deviation for 36s of fading with an X45 eNB antenna, especially for the UMi models. There is a 0.12dB tap power average standard deviation for UMa and 0.56dB tap power average standard deviation for UMi.
3.2. Temporal correlation

The temporal correlation deviation also increases when using X45 BS antennas. The UMi models have a larger deviation as seen in Figure 11:
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Figure 11: X45 antenna 50 realization temporal correlation
3.3. Spatial correlation

The spatial correlation deviation also increases when using dual polarized transmitting antennas, as shown in Figure 12:
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Figure 12: X45 antenna 50 realization spatial correlation
The SC channel models deviation is similar to the vertically polarized BS configuration results in section 2. However, the deviation for MC models is slightly increased.
As for the isotropic antennas, the correlation for a 0.5λ separation is shown in Figure 13. The SC models have the same variation as for the isotropic antennas but the MC variation is now higher.
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Figure 13: X45 antenna 50 realization spatial correlation at 0.5λ
3.4. Condition number

The condition number CDF have a similar behaviour to the isotropic dipole configuration, as shown in Figure 14 below:
[image: image45.png]CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

Condition number CDF over 50 realizations for UMi MC/A and UMa MC/A

— UMa MC/A

— UMi MC/A
T

10

15

Il
20 25
Condition number [dB]

30

35 40

45



[image: image46.png]



Figure 14: X45 antenna 50 realization condition number CDF
Table 5: Spatial correlation and condition number results for X45 antenna
	Results for X45 BS antenna with SCMe MatLab reference implementation

	Channel model
	Correlation at 0.5λ
	Condition number [dB]

	
	Mean
	Min
	Max
	Std dev.
	Mean
	Min
	Max
	Std dev.

	SCME UMa
	0.55
	0.51
	0.60
	0.02
	25.28
	24.72
	25.78
	0.26

	SCME UMa AoA=0
	0.29
	0.10
	0.60
	0.12
	24.44
	21.26
	27.70
	1.33

	SCME UMi
	0.09
	0.01
	0.16
	0.04
	12.09
	11.80
	12.34
	0.14

	SCME UMi AoA=0
	0.28
	0.05
	0.52
	0.13
	12.22
	10.78
	14.31
	0.81


3.5. Channel capacity

The channel capacity shows a similar behaviour to the condition number. For example, the channel capacity for a 20dB SNR is shown in Figure 15:
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Figure 15: X45 antenna 50 realization channel capacity CDF
4. Conclusion

The channel properties of the geometric SCME implementation were investigated.
This paper shows that the geometric channel model statistics are non-ergodic with respect to initial seed. In particular the spatial correlation, condition number and channel capacity are seen to vary widely for the single cluster cases and the 45 degree cross polarized base station antenna orientation.

The channel model statistics uncertainty tends to increase when using dual polarized X45 antennas, especially for the UMi models. However, the sensitivity to random seed is much less in the multi-cluster models, probably due to the effect of averaging six different clusters.
Since the random seed or initial random phases are not currently part of the channel model definition there exists significant uncertainty in the channel model statistics created by different geometric implementations. The consequences on the uncertainty this creates in measuring receiver performance needs to be assessed and solutions proposed to reduce the uncertainty. One solution is to repeat the testing using multiple realizations of the channel with different random seeds.
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