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1 Introduction
RAN1 has discussed fast fading modeling of elevation parameters in RAN1#74 and subsequent e-mail discussions. This contribution discusses the following remaining details for finalizing the fast fading modeling:
· Modeling of EOD/EOA generation equations

· Parameter tables for EOD/EOA

· Correlation of EOD/EOA parameters to other parameters

2 A ray-tracing study for UMa EOD/EOA

For studying the modelling of EOD/EOA, a ray tracing study is conducted for a synthetic city, whose city layout can be found in Figure 1. Each building has a dimension of 40m x40m, and the building height distribution is from 4 to 8 floors, according to the building modelling agreement in this SI. 
[image: image1.emf]
Figure 1 Synthetic city layout for ray tracing
From the ray tracing simulation, EOD/EOA power angular spectrum (PAS) distributions are collected for indoor UEs. As for EOD in NLOS cases (the path from the BS is NLOS to the building), it is expected that EOD mean angle distribution is not centered around the EOD LOS angle; while as for EOD in LOS cases (the path from the BS is LOS to the building), it is expected that EOD mean angle distribution is centered around the EOD LOS angle. Hence, the statistics are collected separately for LOS UEs and NLOS UEs in the sequel.

For the interpretation of the results, the following modelling formula is proposed for EOD and EOA, similarly to the Azimuth formula from WINNER II.
Proposal 1: EOA/EOD of path n,
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 models EOA/EOD mean distribution that will be used for all the paths of a UE;

· 
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 is the mean of EOA/EOD mean distribution, and is determined according to a deterministic function of both distance and height. 

· 
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 is a zero mean random variable, whose variance is determined depending upon at least one of distance and height. 

· 
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 models ESA/ESD PAS of path n;

· 
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 is a discrete random variable that can take a value from {+1, -1}. If the PAS is symmetric, equal probability (i.e., 0.5) can be assigned for both values.

· 
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 is a zero mean random variable, whose variance is determined depending upon at least one of distance and height.

· 
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 is deterministically determined dependent upon a realization of path power and ESA/ESD, where the path power is randomly determined dependent upon the delay and shadowing. 
2.1 EOD Results
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	(a) LOS
	(b) NLOS


Figure 2 Mean EOD distribution (red circles), compared to LOS angle (blue circles)

Figure 2 shows mean zenith angle of departure (ZOD) distribution of LOS UEs and NLOS UEs. It is observed in Figure 2(a) that at a low UE height (e.g., on the 1st floor) at long distance (e.g., 500m), the number of UEs with LOS condition is small or sometimes zero, which is consistent with the height/distance-dependent LOS probability agreed in this SI. As expected, LOS UEs’ mean ZOD distribution is centered around respective LOS angles, but NLOS UE’s mean EOD distribution is not centered around respective LOS angles. Observing this, the following is proposed:

Proposal 2: For determining EOD, 
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 is determined differently depending upon whether the indoor UE is LOS or NLOS, according to the following:

· In case of LOS indoor UEs, 
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 is the same as the corresponding LOS elevation angle.
· In case of NLOS indoor UEs, 
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 is determined according to a deterministic function of distance and height, where the deterministic function is FFS.
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Figure 3 PAS of EOD offset to mean, where multiple curves in the plots correspond to different floors
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Figure 4 PAS of EOD offset to mean, color plot
Figure 3 and Figure 4 show PAS of EOD offset to the mean, to help the modelling of 
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 in the proposed formula. From the figures, it can be observed that regardless of whether LOS or NLOS, the PAS can be approximated by a symmetric distribution. Furthermore, it is also observed that LOS has less spread (i.e., the PAS is more peaky, or more concentrated around the center) than NLOS on the same floor at the same distance. Hence, the following is proposed for ESD:
Proposal 3: For determining EOD, LOS and NLOS UEs have different ESD mean/variance values. Both for LOS and NLOS,
· 
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 is determined by a uniform discrete random variable taking values of {-1, +1}.
· 
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 is determined as in the same way as the Azimuth counterpart, with the newly introduced ESD mean/variance values. 
2.2 EOA Results
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	(a) LOS
	(b) NLOS


Figure 5 Mean EOA distribution (red circles), compared to LOS angle (blue circles)
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Figure 6 Mean EOA distribution (red circles), compared to LOS angle (blue circles)

Figure 5 shows mean EOA distribution of LOS UEs and NLOS UEs. Neither LOS nor NLOS UEs’ mean EOA distribution is centered around respective LOS angles; rather, the mean EOA distribution is approximately centered around horizontal line, i.e., 90 degree zenith angle. Furthermore, the mean EOA distribution is not much dependent upon distance and height. This observation is consistent with the fact that the indoor UEs’ rays are guided by the ceiling and the floor (as shown in Figure 6). Having these observations, the following is proposed for EOA mean distribution:

Proposal 4: For determining EOA, 
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=90 degree (in zenith angle), regardless of whether LOS or NLOS.
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Figure 7 PAS of EOA offset to mean
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Figure 8 PAS of EOA offset to mean, color plot
Figure 7 and Figure 8 show PAS of EOA offset to the mean, to help the modelling of 
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 in the proposed formula. From the figures, it can be observed that regardless of whether LOS or NLOS, the PAS can be approximated by a symmetric distribution. Furthermore, it is also observed that LOS has less spread than NLOS on the same floor at the same distance. Hence, the following is proposed for ESD:

Proposal 5: For determining EOA, LOS and NLOS UEs have different ESA mean/variance values. Both for LOS and NLOS,
· 
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 is determined by a uniform discrete random variable taking values of {-1, +1}.
· 
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 is determined as in the same way as the Azimuth counter part, with the newly introduced ESA mean/variance values. 
3 Tables for LS parameters
Table 1 lists elevation related large-scale (LS) parameters to be filled out in this SI. Ray tracing and measurement data from companies can be used for determining values/functions for the entries of ESD, ESA and EOD mean. 

In addition, the correlation parameters from WINNER+ (copied in Table 2 and Table 3) can readily be used for the characterization of these correlation parameters in Table 1, with some necessary correction to make the matrix positive definite. 

Table 1 Elevation related parameters (to be filled out in this SI)
	Large-scale Parameters
	Scenario and condition

	
	3D-UMa

(indoor)
	3D-UMa

(outdoor)
	3D-UMi

(indoor)
	3D-UMi

(outdoor)

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	ESD
log10 ([⁰])
	Mean
	
	
	
	
	
	
	
	

	
	Std.
	
	
	
	
	
	
	
	

	 ESA
 log10 ([⁰])
	Mean
	
	
	
	
	
	
	
	

	
	Std.
	
	
	
	
	
	
	
	

	 EOD Mean
	Mean (
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)
	
	
	
	
	
	
	
	

	
	Std. (
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)
	
	
	
	
	
	
	
	

	Cross-Correlations
	 ESD vs SF
	
	
	
	
	
	
	
	

	
	ESA vs SF
	
	
	
	
	
	
	
	

	
	ESD vs K
	
	
	
	
	
	
	
	

	
	ESA vs K
	
	
	
	
	
	
	
	

	
	ESD vs DS
	
	
	
	
	
	
	
	

	
	ESA vs DS
	
	
	
	
	
	
	
	

	
	ESD vs ASD
	
	
	
	
	
	
	
	

	
	ESA vs ASD
	
	
	
	
	
	
	
	

	
	ESD vs ASA
	
	
	
	
	
	
	
	

	
	ESA vs ASA
	
	
	
	
	
	
	
	

	
	ESD vs ESA
	
	
	
	
	
	
	
	

	 Cluster spread of E-AoD [⁰]
	
	
	
	
	
	
	
	

	Cluster spread of E-AoA [⁰]
	
	
	
	
	
	
	
	

	Correlation distance (m)
	ESD
	
	
	
	
	
	
	
	

	
	ESA
	
	
	
	
	
	
	
	


Table 2 Cross-correlations between ESA and ESD with the other LS parameters
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Table 3 Estimated elevation spread autocorrelation lengths at BS (ESD) and UT (ESA)
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4 Conclusion

This contribution has examined distribution of EOA/EOD by a ray tracing study, and proposed the following for EOA/EOD:

Proposal 1: EOA/EOD of path n, 
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, is determined according to the following formula:
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· 
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 models EOA/EOD mean distribution that will be used for all the paths of a UE;

· 
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 is the mean of EOA/EOD mean distribution, and is determined according to a deterministic function of both distance and height. 

· For EOD, 
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 is determined differently depending upon whether the indoor UE is LOS or NLOS, according to the following:

· In case of LOS indoor UEs, 
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 is the same as the corresponding LOS elevation angle.

· In case of NLOS indoor UEs, 
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 is determined according to a deterministic function of distance and height, where the deterministic function is FFS.

· For EOA, 
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=90 degree (in zenith angle), regardless of whether LOS or NLOS.
· 
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 is a zero mean random variable, whose variance is determined depending upon at least one of distance and height. 

· 
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 models ESA/ESD PAS;

· 
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 is a discrete uniform random variable that can take a value from {+1, -1}. 
· 
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 is a zero mean random variable, whose variance is determined depending upon at least one of distance and height. 

· 
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 is determined as in the same way as the Azimuth counter part, with the newly introduced ESA/ESD mean/variance values. 

· ESA/ESD mean/variance values are different depending upon the LOS/NLOS state.

In addition, the contribution has reviewed the LS parameter to be filled in this SI, and has proposed the following:

Proposal 2: Fill out entries in Table 1.
Proposal 3: Adopt correlation parameters from WINNER+ (as in Table 2 and Table 3), with making necessary modification of the parameters to make the correlation matrices positive definite. 
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