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Introduction
The frequency selective fast fading model for NTN [1] follows the same methodology of TR 38.901 [2], where the cluster angle generation process (Step 7) requires a scaling factor to correct the bias in angular spread. An angular scaling factor is required for both azimuth and elevation angles of the clusters. The scaling factor is also dependent of the number of clusters in the channel.
Current NTN channel models (chapter 6 of TR 38.811 [1]) and latest updates of the models [3] appear to have a smaller number of clusters than the models in TR 38.901. The required scaling factors for smaller numbers of clusters in NTN channel models cannot be found in TR 38.901. This contribution attempts to determine the needed cluster angle scaling factors for NTN channel models that are consistent with the channel modeling methodology of TR 38.901.
Cluster angle scaling
In TR 38.901 and WINNER2, Cluster azimuth angles are generated from a wrapped Gaussian Power Angular Spectrum (PAS) according to (7.5-9)

	.
The scaling factor  is for correcting the bias arising from the discrete nature of  on the resultant angular spread, and it varies with the number of clusters.
In case of LOS,  also depends on the Rician K: 
	 ,
where  is parametrized as a 3rd order polynomial of K.
The elevation cluster angles are generated from a Laplacian PAS according to (7.5-14),

	.
Similar to azimuth angles, there needs a scaling factor  to ensure that the resultant angular spread is approximately ZSA, and the factor is specific to the number of clusters. For LOS cases,  depends on the Rician K with
	 ,
where the dependency  is also parametrized as a 3rd order polynomial.
For NTN channel modeling, we need to determine the scaling factors  and  for lower numbers of clusters not covered by Tables 7.5-2 and 7.5-4 in TR 38.901. The existing Rician K dependency for  and  can be reused.
Simulation procedure
The simulation procedure follows the TR 38.901 fast fading model. First NLOS cluster delays are generated as per Step 5 in (7.5-1):

	
where DS is the target delay spread,  the delay distribution proportionality factor,  a uniformly distributed random number in (0,1).
After that the delays are sorted and normalized in (7.5-2) by

	
Next cluster powers are generated (as in Step 6) based on delays in (7.5-5) by
	

where  is a normally distributed random number,  with  (used by most NLOS environments). Finally the power of N clusters are normalized in (7.5-6) by

	.
For a target azimuth angular spread AS, cluster azimuth angles are generated without scaling:
	.
The azimuth RMS angular spread (power weighted RMS of wrapped angles, see Annex A of TR 38.901), denoted by , is calculated from these angles. The simulation is repeated one million times and the average angular spread is compared with the target AS. The scaling factor  is determined by

For a target elevation angular spread ZS, cluster elevation angles are generated without scaling by
	 ,
and their RMS angular spread  is calculated according to Annex A of TR 38.901. The scaling factor  is determined from the average of  over one million simulations:

In the simulations, setting of DS, AS, ZS parameters can be arbitrary without affecting the results. The parameters  and ζ are used for cluster power generation. Normally , so that the cluster power in (7.5-5) has an exponentially decreasing power delay profile. Since parameter ζ can be safely set to the common value 3 dB for most environments, the power distribution is largely dependent on the setting of . The power distribution in turn affects the results of angular spread.
Simulation result
Simulations were performed for the numbers of clusters whose angular scaling factors are specified in TR 38.901 and for the lower numbers of clusters required by NTN channel models. The current values of scaling factors in TR 38.901 are used to validate the simulation results.
Simulation determined  values are listed in Table 1, as well as the available specified values. Comparison of the simulation determined factors, using  and , and specified values is shown in Figure 1. The result with  agrees with specification within 2%, while using  tend to result in a larger value but still within a deviation of 3%. We should note that the setting  implies that the cluster power is log-normally distributed and delay independent. That is inconsistent with the fast fading model of TR 38.901 and WINNER2.
Elevation scaling factors from simulations are provided in Table 2 and a comparison with the specification is shown in Figure 2. We can clearly see that the simulations with  do not produce results in agreement with the elevation scaling factor specification. With  assumption,  from simulations agrees very well with the specification in some cases, but the largest difference can be 5%.
[bookmark: _Ref533874176]Table 1: Azimuth angle scaling factor 
	# clusters
	2
	3
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20

	Spec values
	
	
	0.779
	0.860
	1.018
	1.090
	1.123
	1.146
	1.190
	1.211
	1.226
	1.273
	1.289

	Simulation

	0.501
	0.680
	0.794
	0.875
	1.030
	1.096
	1.123
	1.147
	1.188
	1.206
	1.223
	1.265
	1.277

	Simulation

	0.514
	0.692
	0.804
	0.886
	1.044
	1.113
	1.142
	1.167
	1.211
	1.230
	1.247
	1.293
	1.306


[bookmark: _Ref533881352]
[bookmark: _Ref427689]Table 2: Elevation angle scaling factor 
	# clusters
	2
	3
	4
	5
	8
	10
	11
	12
	15
	19
	20

	Spec values
	
	
	
	
	0.889
	0.957
	1.031
	1.104
	1.1088
	1.184
	1.178

	Simulation  
	0.321
	0.472
	0.569
	0.641
	0.785
	0.850
	0.877
	0.901
	0.963
	1.026
	1.040

	Simulation 
	0.430
	0.594
	0.697
	0.773
	0.924
	0.993
	1.021
	1.048
	1.114
	1.182
	1.197
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[bookmark: _Ref533880910]Figure 1: Deviation of simulation determined  from the specified value
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[bookmark: _Ref533881439]Figure 2: Deviation of simulation determined  from the specified value
Current  values in TR 38.901 seem to agree well with the result of , but with this assumption, the specified  values cannot be reproduced. When using , the resultant  is slightly higher than the specified value with the maximum disagreement of 3%, while its  agree with specified value within 5%.
Conclusion
For NTN frequency selective fast fading model, the current specification TR 38.901 is lacking the azimuth and elevation angle scaling factors for low numbers of clusters. We presented simulation determined azimuth and elevation cluster angle scaling factors for NLOS cases,  and , for a whole range of cluster numbers required by NTN in addition to those covered by the existing specification. The result depends on the selection of the value of , which affects the cluster power distribution.
To be more consistent with the existing scaling factors in TR 38.901, we propose using  for the azimuth scaling factor  and  for the elevation scaling factor  in NTN fast fading model. A text proposal is attached in the appendix.
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Appendix: Text proposal for cluster angle scaling factors
6.7.2	Frequency selective fading
In the fast fading model, the process in 7.5 of TR 38.901 [12] is used. This section is not a stand-alone description of the fast fading model, but it describes the differences between the channel models used for terrestrial and satellite/HAPS communications. As can be seen from Figure 6.7.2-1, there is not much difference in local scattering between the HAPS and satellite cases. Therefore, the same fast fading parameters can be used for the both cases, including different satellite orbits as well. The critical parameter is the elevation angle of the LOS path of the satellite/HAPS vs. ground horizon.

Figure 6.7.2-1: HAPS to UE vs. satellite to UE propagation
The channel model parameterInstead of the parameterization tables in TR38.901 (Table 7.5-6 Part-1 and Part-2 in TR 38.901) are replaced by the following tables shall be used.
NOTE 1:	Some channel models may lead to pessimistic performance results offor the performance of satellite/HAPS to UE link, especially in thefor higher elevations angles due to the high large number of clusters and low K factors.
NOTE 2:	In some cases, the correlation distances are shorter underin real- world conditions.
Angular scaling factors in cluster generation need to be added to the NTN scenarios that have smaller numbers of clusters than the scenarios described in TR38.901 (Table 6.7.2-1aa below corresponds to Table 7.5-2 in TR38.901 and Table 6.7.2-1ab below corresponds to Table 7.5-3 in TR38.901).

Table 6.7.2-1aa: Scaling factors for AOA, AOD generation
	# clusters
	2
	3
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20

	
	0.501
	0.680
	0.779
	0.860
	1.018
	1.090
	1.123
	1.146
	1.190
	1.211
	1.226
	1.273
	1.289



Table 6.7.2-1ab: Scaling factors for ZOA, ZOD generation
	# clusters
	2
	3
	4
	8
	10
	11
	12
	15
	19
	20

	
	0.430
	0.594
	0.697
	0.889
	0.957
	1.031
	1.104
	1.1088
	1.184
	1.178
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