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1. Introduction

This contribution includes a text proposal to update TR38.900, to capture the relevant agreements on coordinate systems.
2. Text proposal for Section 7.5 of TR38.900
7.5
Fast Fading Model

[editor’s note: this session intends to capture radio channel generation framework. These steps can be modified/updated in the future as needed.]

The radio channels are created using the parameters listed in Table 7.5-x. The channel realizations are obtained by a step-wise procedure illustrated in Figure 7.5-1 and described below. In the following steps, downlink is assumed. For uplink, arrival and departure parameters have to be swapped. 
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Figure 7.5-1 Channel coefficient generation procedure
Step 1: Set environment, network layout, and antenna array parameters

Large scale parameters:

Step 2: Assign propagation condition (LOS/NLOS) according to Table 7.4.2-1.
Step 3: Calculate pathloss with formulas in Table 7.4.1-1 for each BS-UT link to be modelled.

Step 4: Generate large scale parameters, e.g. delay spread, angular spreads, Ricean K factor and shadow fading taking into account cross correlation according to Table 7.5-1. 
Small scale parameters:

Step 5: Generate delays 
Step 6: Generate cluster powers.

Step 7: Generate arrival angles and departure angles for both azimuth and elevation.

Step 8: Coupling of rays within a cluster for both azimuth and elevation

Step 9: Generate the cross polarization power ratios
Coefficient generation:

Step 10: Draw initial random phases

Step 11: Generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s.
The method described below is used at least for drop-based evaluations irrespective of UE speeds. Relevant cases for drop-based evaluations are:
· Case 1: For low complexity evaluations
· Case 2: To compare with earlier simulation results, 
· Case 3: When none of the additional modeling components are turned on.
· Case 4: When spatial consistency and/or blockage is modeled for MU-MIMO simulations
· Other cases are not precluded
For the N – 2 weakest clusters, say n = 3, 4,…, N, the channel coefficients are given by:
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(7.1)
where Frx,u,θ and Frx,u,ϕ are the receive antenna element u field patterns in the direction of the spherical basis vectors, 
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 and 
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 respectively, Ftx,s,θ and Ftx,s,ϕ are the transmit antenna element s field patterns in the direction of the spherical basis vectors, 
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 and 
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 respectively. 
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 is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 
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(7.2)

where n denotes a cluster and m denotes a ray within cluster n. 
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 is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by
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where n denotes a cluster and m denotes a ray within cluster n. Also, 
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is the location vector of receive antenna element u and 
[image: image12.wmf]s
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d

,

is the location vector of transmit antenna element s, n,m is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar 
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 and only vertically polarised field patterns are applied.

The Doppler frequency component vn,m is calculated from the arrival angles (AOA, ZOA), UT velocity vector 
[image: image14.wmf]v

with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 
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In the LOS case, define 
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 and determine the channel coefficients by adding a single line-of-sight ray and scaling down the other channel coefficients generated by (7.21). The channel coefficients are given by:
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where (.) is the Dirac’s delta function and KR is the Ricean K-factor defined in Table 7.5-1 converted to linear scale.

Step 12: Apply pathloss and shadowing for the channel coefficients.

Table 7.5-x: Channel model parameters for f > 6 GHz
	Scenarios
	UMi – Street Canyon
	UMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	O-to-I

	Delay spread (DS)
log10([s])
	DS
	-0.2log10(1+f) – 7.20
	-0.21 log10(1+f)  – 6.88
	
	2.045 - 0.0963 log10(f)
	2.72 - 0.204 log10(f)
	

	
	(DS
	0.39
	0.16 log10(1+f)  + 0.29
	
	0.66
	0.39
	

	AoD spread (σASD) log10([(])
	ASD
	-0.05 log10(1+f) + 1.21
	-0.23 log10(1+f)  + 1.53
	
	1.06 + 0.1114 log10(f)
	1.5 - 0.1144 log10(f)
	

	
	(ASD
	0.41
	0.11 log10(1+f)  + 0.33
	
	0.28
	0.28
	

	AoA spread (σASA) log10([(])
	ASA
	-0.08 log10(1+f) + 1.73
	-0.08 log10(1+f)  + 1.81
	
	1.81
	2.08 - 0.27 log10(f)
	

	
	(ASA
	0.014 log10(1+f) + 0.28
	0.05 log10(1+f)  + 0.3
	
	0.20
	0.11
	

	ZoA spread (σZSA) log10([(])2)
	ZSA
	-0.1 log10(1+f) + 0.73
	-0.04 log10(1+f)  + 0.92
	
	0.95
	-0.3236 log10(f) + 1.512
	

	
	(ZSA
	-0.04 log10(1+f) + 0.34
	-0.07 log10(1+f)  + 0.41
	
	0.16
	0.16
	

	Shadow fading (SF) [dB]
	SF
	
	
	
	4.1
	6.8
	

	K-factor (K) [dB]
	K
	
	
	
	9
	N/A
	

	
	K
	
	
	
	3.5
	N/A
	

	Cross-Correlations 
	ASD vs DS
	
	
	
	0.4
	0.4
	

	
	ASA vs DS
	
	
	
	0.8
	0.6
	

	
	ASA vs SF
	
	
	
	-0.5
	0
	

	
	ASD vs SF
	
	
	
	-0.5
	-0.6
	

	
	DS   vs SF
	
	
	
	-0.4
	-0.4
	

	
	ASD vs ASA
	
	
	
	0
	0.4
	

	
	ASD vs 
	
	
	
	0
	N/A
	

	
	ASA vs 
	
	
	
	-0.2
	N/A
	

	
	DS vs 
	
	
	
	-0.4
	N/A
	

	
	SF vs 
	
	
	
	0
	N/A
	

	Cross-Correlations 1)
	ZSD vs SF
	
	
	
	0
	0
	

	
	ZSA vs SF
	
	
	
	-0.8
	-0.4
	

	
	ZSD vs K
	
	
	
	0
	N/A
	

	
	ZSA vs K
	
	
	
	0
	N/A
	

	
	ZSD vs DS
	
	
	
	-0.2
	-0.5
	

	
	ZSA vs DS
	
	
	
	0
	0
	

	
	ZSD vs ASD
	
	
	
	0.5
	0.5
	

	
	ZSA vs ASD
	
	
	
	0
	-0.1
	

	
	ZSD vs ASA
	
	
	
	-0.3
	0
	

	
	ZSA vs ASA
	
	
	
	0.4
	0
	

	
	ZSD vs ZSA
	
	
	
	0
	0
	

	Delay distribution
	
	
	
	Exp
	Exp
	

	AoD and AoA distribution
	
	Wrapped Gaussian

	ZoD and ZoA distribution
	
	Laplacian

	Delay scaling parameter  r(
	
	
	
	2.5
	2.3
	

	XPR [dB]
	
	
	
	
	8
	7
	

	
	
	
	
	
	4
	3
	

	Number of clusters
	12
	19
	
	12
	20
	

	Number of rays per cluster
	20
	20
	
	20
	20
	

	Cluster DS
	-12.0* log10(1+f) + 36.6
	11
	
	5.0
	54.5
	

	Cluster ASD
	3
	10
	
	5
	2
	

	Cluster ASA
	17
	22
	
	11
	15
	

	Cluser ZSA
	7
	7
	
	10^( max( -2.15d2D +0.78, -0.5))
	7
	

	Per cluster shadowing std  [dB]
	5
	3.09* log10(1+f) + 5.72
	
	3
	3
	

	Correlation distance in the horizontal plane [m]
	DS
	
	
	
	30
	40
	

	
	ASD
	
	
	
	18
	50
	

	
	ASA
	
	
	
	15
	50
	

	
	SF
	
	
	
	37
	50
	

	
	
	
	
	
	12
	N/A
	

	
	ZSA
	
	
	
	15
	50
	

	
	ZSD
	
	
	
	15
	50
	

	f is carrier frequency in GHz; d2D is MS-BS distance in km.
NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.


Table 7.5-y: ZSD and ZoD offset parameters for UMa

	Scenarios
	UMa

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread1) (σZSD) log10([(])
	µZSD
	max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]
	max[-0.5, -2.1(d2D/1000) +0.9]
	
	

	
	(ZSD
	0.40
	0.49
	
	

	ZoD offset
	µoffset,ZOD
	0
	e(f)-10^{a(f) log10(max(b(f), d2D))+c(f)}
	
	

	f is carrier frequency in GHz; d2D is MS-BS distance in km.
For NLOS ZOD offset: a(f) = 208log10(f)-782; b(f) = 0.025; c(f) = -0.13log10(f)+2.03; e(f) = 7.66log10(f)-5.96. 



Table 7.5-z: ZSD and ZoD offset parameters for UMi – Street Canyon
	Scenarios
	UMi – Street Canyon

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread1) (σZSD)log10([(])
	µZSD
	max[-0.21, -14.8(d2D/1000) + 0.83]
	max[-0.5, -3.1(d2D/1000)+0.2]
	
	

	
	(ZSD
	0.35
	0.35
	
	

	ZoD offset2)
	µoffset,ZOD
	0
	-10^{-1.5log10(max(10, d2D))+3.3}
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