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1 Introduction
In RAN1#74bis meeting, the modelling of EoD/EoA, ESD/ESA and shadow fading for fast fading were discussed and the following working assumptions were agreed:
· EoD/EoA model
·   Step 7 for EOD
· PAS step: 
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· Generation of EOD[image: image2.png]On = OnXpn+ Yn+ Or0s + Oorfsec + W
7




· Xn~ uniform distribution to the discrete set of {1,–1}

· Yn ~ N(0,σEoD/7)

· W ~ N(0, σEoD-offset)

· Generation of rays within a cluster
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· Reuse Table B.1.2.2.1-2 (cEoD TBD)

· Number of clusters and number of rays per cluster as in 36.814
· FFS how to restrict the value within a valid range
· ESD/ESA model

· Mean of ESD model will be down selected:

· For O-2-I LOS, from the 3 alternatives in [1]  
· For all other cases, between Alt 1 and Alt 2 in [1]  

· Note that the linear model for UMi in Alt 1 and Alt 2 is a simplified model
· 2D correlation distance of ESD, ESA
· Step 12: Parameters for shadowing
· For simplicity, reuse parameters in 36.814 for 3D UMa and 3D UMi
	
	UMa LOS
	UMa NLOS
	UMi LOS
	UMi NLOS
	O-to-I

	Shadow fading (SF) [dB]
	4
	6
	3
	4
	7


· FFS correlation of shadowing in vertical domain
In this contribution, the remaining issues of the above models are discussed for 3D UMa/UMi based on the ray tracing results and the related proposals are presented. 
2 ESD model
Regarding the mean of ESD model, there were three alternatives discussed in RAN1#74 bis [1] and it was proposed to down select from these three alternatives in RAN1#75. Among these three alternatives, Alt. 3 is a geometric model and only applicable for LOS O-to-I, and Alt.1 and Alt.2 are based on measurement results and ray tracing results. 

· Alt.1/2   ESD model (log10([0])):

· µ(k) =max[d(k), a(k)(d2D/1000)+b(k)(hUT)+c(k)], 

· d(k) value is FFS, chosen in the range [-1, 0]

· K=1 for 3D-UMa-NLOS and 3D-UMa-NLOS O-2-I

· K=2 for 3D-UMa-LOS and 3D-UMa-LOS O-2-I

· K=3 for 3D-UMi-NLOS and 3D-UMi-NLOS O-2-I

· K=4 for 3D-UMi-LOS and 3D-UMi-LOS O-2-I

- FFS: Values for a(k), b(k), c(k), d(k), σ(k)
· Alt.3 Model in [2]  
The down selection from the three alternatives shall be based on more ray tracing or field measurement results for the accuracy of modeling. In this section, we provide our ray tracing results and mean of ESD modeling based on the ray tracing results, which can validate which alternative is more accurate.
In order to obtain the mean of ESD model, detailed formula and parameters, the ray tracing based simulation is performed, in which 3D electrical map of Chengdu shown in Appendix is used. In the map, the scenarios having the similar building distribution as 3D UMa, i.e., the buildings with 4-8 floors are selected as a cell for simulation. Then in each of the selected scenarios, BS height is set to be 25m and UEs are placed at different floors of different buildings, which is similar to the assumptions of 3D UMa. 
The ray tracing results of 3D UMa LOS (i.e. K = 2) show that the mean of ESD decreases when increasing BS-UE distance and the relationship between mean of ESD and BS-UE distance can be approximately modeled as linear form. The mean of ESD is modeled as equation (1) and the standard deviation of ESD σ(2) is equal to 0.45.
                                                 µ(2) =max[-2, -9.5(d2D/1000)+b(2)(hUT -1.5)+1.14]                                      (1)
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Fig 1. Mean of ESD distribution and fitting [log10(degree)]
Proposal 1:  For 3D UMa LOS, log10(mean of ESD) µ(2) and standard deviation of ESD σ(2) are modeled as 
µ(2) = max[-2, -9.5(d2D/1000)+b(2)(hUT -1.5)+1.14], σ(2) = 0.45
3 ESD/ESA correlation distance

At the last meeting, the working assumption on cross-correlation of large-scale parameters was agreed. The generation of cross-correlation of large scale parameters is achieved by a transformation of auto-correlated large scale parameters. The auto-correlation of large scale parameter is used to describe the dependence of the large scale parameter on the UE location. For each large-scale parameter of different links in the channel generation, an independent Gaussian random process is filtered with a two dimensional FIR filter to generate an exponential auto-correlation. The normalized autocorrelation function R(x) can be described with sufficient accuracy by the exponential function [3] 
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with the correlation distance in horizontal dcor being dependent on the environment. The correlation distance for DS, ASD, ASA, SF and K is given in Table 7.3-6 in [3].  For ESD and ESA, the correlation distance is still FFS. Based on the experimental results for UMa and UMi outdoor scenarios, the correlation distance of ESD and ESA is given in Table 1. It can be observed that the correlation distances of angular spread in elevation are slightly less than or equal to those in azimuth in Table 7.3-6 in [3]. Equal correlation distance of angular spread in elevation and azimuth is also assumed for simplicity in D5.3 in [4]. 
Table 1 Correlation distance for ESD and ESA
	Scenarios
	UMi
	UMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS

	Correlation distance [m]
	ESD
	8
	10
	-
	18
	50

	
	ESA
	8
	9
	-
	15
	50


Proposal 2:  Auto-correlation distance for ESD/ESA follows Table 1.
4 Median EoD model
For EOD model, an important remaining issue is the modeling of median EOD, i.e., EOD offset relative to the LOS direction. The median EOD is modeled to include  
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 and a random variable 
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 in the agreed formula for EOD generation
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can be regarded as the mean value and standard deviation of median EOD respectively. 
The ray tracing results of median EOD in case of 3D UMa LOS is shown in Fig.2, where the points marked with red are the ray tracing results of mean of median EOD and the green curve represents the results of fitted function. Based on the ray tracing results, the mean of median EoD, i.e., 
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can be modeled as a function of BS-UE distance and the standard deviation, i.e.,  
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 is constant, which are given in equation (4).
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Fig. 2:  Mean of median ESD distribution and the curve fitting [degree]
Proposal 3:  In case of 3D UMa LOS, the median EOD is modeled as
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5 Conclusion

In this contribution, we provide the field measurement results and ray tracing results for mean of ESD, correlation distance and median EoD model and the related modeling.  Based on the measurement and ray tracing results, there are the following proposals:

Proposal 1: For 3D UMa LOS, log10(mean of ESD) µ(2) and standard deviation of ESD σ(2) are modeled as 
µ(2) = max[-2, -9.5(d2D/1000)+b(2)(hUT -1.5)+1.14], σ(2) = 0.45
Proposal 2: Auto-correlation distance for ESD/ESA is according to the following table:

	Scenarios
	UMi
	UMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS

	Correlation distance [m]
	ESD
	8
	10
	-
	18
	50

	
	ESA
	8
	9
	-
	15
	50


Proposal 3: In case of 3D UMa LOS, the median EOD is modeled as
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Fig. 3:  Ray tracing scenario for UMa outdoor case
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