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1
Introduction

During RAN4#91, the rms DS denormalized and angle scaled channel models for FR1 in [1] were accepted. Before that, the UE speed had also been agreed. The last channel model parameter that needs to be specified is the Direction of Travel (DoT). This contribution presents the proposed values along with the rationale behind them. 
2
Detail
DoT has a profound impact on the Doppler spectrum. This is because the Doppler shift for each subray can be calculated as:
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Where φ is the angle of arrival of a given subray, v is the magnitude of the velocity vector, and λ is the wavelength.

Below is the channel model table for UMi on CDL A from [1].
Table 1. UMi CDL A from [1].
	Cluster #
	Absolute Delay [ns]
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	-13.4014
	-59.324
	98.721
	95.9936
	90

	2
	38.19
	0
	-2.752
	-156.546
	97.1624
	90

	3
	40.25
	-2.2185
	-2.752
	-156.546
	97.1624
	90

	4
	58.68
	-3.9794
	-2.752
	-156.546
	97.1624
	90

	5
	46.1
	-5.9799
	27.9576
	115.7066
	97.9452
	90

	6
	53.75
	-8.1984
	27.9576
	115.7066
	97.9452
	90

	7
	67.08
	-9.9593
	27.9576
	115.7066
	97.9452
	90

	8
	57.5
	-10.5014
	38.1399
	-55.2369
	98.7118
	90

	9
	76.18
	-7.5014
	-27.9638
	-82.1587
	96.1295
	90

	10
	153.75
	-15.9014
	50.144
	127.5226
	95.3467
	90

	11
	189.78
	-6.6014
	-28.3867
	99.1238
	98.0648
	90

	12
	222.42
	-16.7014
	42.4666
	-131.84
	99.2935
	90

	13
	217.18
	-12.4014
	-51.1586
	82.1383
	98.7444
	90

	14
	249.42
	-15.2014
	-57.3396
	115.7066
	98.902
	90

	15
	251.19
	-10.8014
	-43.6439
	-58.728
	95.912
	90

	16
	305.82
	-11.3014
	-45.6283
	-69.4699
	95.7272
	90

	17
	408.1
	-12.7014
	52.4212
	-85.7169
	95.806
	90

	18
	445.79
	-16.2014
	46.8909
	138.3987
	99.0271
	90

	19
	456.95
	-18.3014
	41.7835
	161.2923
	94.9226
	90

	20
	479.66
	-18.9014
	-39.9679
	168.543
	95.083
	90

	21
	500.66
	-16.6014
	-51.5165
	132.7593
	99.2962
	90

	22
	530.43
	-19.9014
	39.7665
	-155.942
	95.2461
	90

	23
	965.86
	-29.7014
	-19.6683
	101.3393
	98.5677
	90

	
	
	
	
	
	
	

	Per-Cluster Parameters

	Parameter
	CASD in [°]
	CASA in [°]
	CZSD in [°]
	CZSA in [°]
	XPR in [dB]
	

	Value
	1.6266
	7.385
	0.0815
	0
	10
	


Due to the cosine function dependency, the Doppler spectral density agglomerates the components around maximum shift. To illustrate this effect, we present the Doppler spectral density when the DoT lines up with the strongest cluster AoA in Table 1. 
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Figure 1. Doppler Spectrum when DoT lines up with strongest cluster AoA.

As expected, this produces Doppler components near the maximum shift (100% in Figure 1). What is more relevant is the observation that the cluster angle spread of 7.385° is compressed in the spectrum domain to be less than 2% of the whole possible spectrum (from -100% to 100%). This effect is undesirable because it will take a long time to obtain the right channel statistics, like power, autocorrelation, crosscorrelation, cross-polarization ratio, power delay profile, among others. Additionally, this is also undesirable because this type of fading would look just a simple frequency error that can be compensated, instead of true fading needed to test algorithms for channel estimation, power control, RI, CQI, etc.
On the other hand, if we select DoT to be perpendicular to the cluster AoA, we obtain a nicely spread Doppler spectrum. This is presented in Figure 2. The same cluster angle spread of 7.385° occupies around 50% of the spectrum. This looks more like actual fading.
But the channel models in [1] have 19 and 20 clusters for CDL A and CDL C respectively. We have to find a DoT that minimizes the effect in Figure 1 for all clusters. After setting the DoT perpendicular to each of the 19 clusters, it was found by visual inspection that the DoT that best spreads each cluster is perpendicular to cluster 15.
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Figure 2 Doppler Spectrum when DoT is perpendicular to strongest cluster AoA.
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Figure 3 Doppler Spectrum when DoT is perpendicular to cluster AoA 15
Proposal 1: Tentatively set DoT for UMi CDL A channel model perpendicular to the 15th cluster at [251.2923°].
Using the same procedure, the following proposals are made.
Proposal 2: Tentatively set DoT for UMi CDL C channel model perpendicular to the 16th cluster at [127.0455°].

Proposal 3: Tentatively set DoT for UMa CDL A channel model perpendicular to the 3rd cluster at [182.1659°].
Proposal 4: Tentatively set DoT for UMa CDL C channel model perpendicular to the 2nd cluster at [208.7405°].

3
Conclusions
This contribution has presented the proposal for the DoT for the different channels in FR1.
Proposal 1: Set DoT for UMi CDL A channel model perpendicular to the 15th cluster at 251.2923°.

Proposal 2: Tentatively set DoT for UMi CDL C channel model perpendicular to the 16th cluster at [127.0455°].

Proposal 3: Tentatively set DoT for UMa CDL A channel model perpendicular to the 5th cluster at [182.1659°].

Proposal 4: Tentatively set DoT for UMa CDL C channel model perpendicular to the 2nd cluster at [208.7405°].
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