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1. Introduction
It was agreed in previous RAN1 meetings to consider 3D MIMO channel model based on current ITU channel models [1, 2] as a working assumption, and the channel modelling proposed in WINNER + [1] and WINNER II [3] can be utilized as a reference [2]. The 3D channel generation steps and necessary modifications from the 2D channel are discussed in [4] [5] and many other contributions and have been summarized in [6]. 
In [7] [8] [9], we proposed 3D MIMO channel models based on our field measurement results for UMa/UMi/O2I scenarios. This contribution discusses the remaining details of the 3D UMa MIMO channel models.
2. Channel Model Parameters
The general aspects of the 3D MIMO channel model have been summarized in [6] based on previous discussions. The remaining FFSs are mainly with the determination of the following parameters:

· ZoD mean and standard deviation 
· ZSD mean and standard deviation
· ZSA mean and standard deviation 
· Number of Clusters
· Cluster ZSD 
· Cluster ZSA 
· Autocorrelation distance of ZSD, ZSA
· Autocorrelation height of ZSD, ZSA, SF and other legacy parameters (DS, ASD, ASA, K) – if  any
·  Limit of ZSD, ZSA for Step 4, limit for ZoD, ZoA in step 7
· Constant C used for PAS-1 for all cases of total number of clusters
· Step 10 – methodology of splitting a cluster to sub-clusters for ZoD, ZoA – similar to azimuth? 
In the following we are going to provide our view on each of the listed items.
· ZoD mean (offset from median) and standard deviation
In [1][4] and [10], both the mean of azimuth angles are zero. This is reasonable for the azimuth angles because the reflection and diffraction experienced by the azimuth rays from both sides of the LOS direction are generally symmetrical. However, due to the single-sided reflection and diffraction from the earth ground or from rooftop, the mean angle of the elevation rays may shift away from zero or LoS direction (defined by the median direction of rays).  For determining such a shift, we define the first-order moment mean 
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where n is the path index and 
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 is the path power. 
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 is also called power-weighted mean value of 
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. In [7], the dependence of 
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 on the distance has been investigated based on field channel measurements. It is shown that 
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 is normally non-zero and shifted from LoS (the median direction of ZoD). The mean of 
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of all snapshots in LOS and NLOS from our measurement are reported in the following table.

Table 1. Power weighted mean of elevation angles
	Elevation Angle
	Power-weighted Mean (o)

	
	LOS
	NLOS

	ZoD
	0.04
	0.10


Therefore, we propose to add the offset 
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 to the ZoD generation equation (18) of [6], and the modified equation becomes,

[image: image10.wmf]nnnnLOS

XY

jjjj

¢

=+++

  (2)
where the component of LOS direction 
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is added due to UE dropping. Note that 
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 may be substituted by a new variance component 
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In the LOS case, substitute (2) by (3) to enforce the first cluster to the LOS direction 
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Since equation (2) already contains a variance component 
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 following Gaussian distribution, there is no need to modelling variation of the offset 
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 unless such variation is non-Gaussian distribution. 
· ZSD/ZSA mean and standard deviation
According to the analysis in [7], the distribution of ZSD and ZSA can be fitted by a lognormal distribution, i.e.,

[image: image18.wmf]2

2

10

2

)

(log

2

1

)

(

s

m

s

p

-

-

=

x

e

x

x

p

.  (4)
The mean and standard deviation from our field measurements results are given in the following table [7]:
Table 2.  Measurement results of ZSA and ZSD
	
	Lognormal distribution

	
	LOS
	NLOS

	Elevation AoD spread 
(ZSD)  log10(o)
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	1.08 
	1.01 
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	0.54 
	0.54 

	Elevation AoA spread
(ZSA) log10(o)
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	1.14 
	1.24 
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	0.84 
	0.90 


In the above model, it is assumed that ZSD mean is constant in a cell but this is not consistent with our observations in the field measurements. In [7][8][9], we reported that the mean of the departure spread is clearly distance and height dependent. In order to compare these dependencies, the constant ZSD model can be replaced by the following distance/height dependent ZSD model,

Alt1: 

· 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-2-I

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

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

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

Alt2:

· µ(k) =max[d(k), a(k)(d2D/1000)+b(k)(hUT)+c(k)], 
K=1 for 3D-UMa-NLOS and 3D-UMa-NLOS-2-I
K=2 for 3D-UMa-LOS and 3D-UMa-LOS-2-I
· µ(k) =max[d(k), a(k)(d2D/1000)+b(k)|hBS-hUT|+c(k)] 
K=3 for 3D-UMi-NLOS and 3D-UMi-NLOS-2-I
K=4 for 3D-UMi-LOS and 3D-UMi-LOS-2-I

The following tables list the parameters for 3D UMa based on our field measurements which can be applied to both Alt1 and Alt2 since they share the same ESD modeling proposal. 
Table 3.  ZSD Parameters for Alt1&Alt2 
	Scenario
	K
	a
	b
	c
	d
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	3D UMa
	1
	-1.0006
	-0.0146
	1.3149
	0
	0.54

	
	2
	-0.2353
	-0.0231
	1.1581
	0
	0.54


With above parameter proposal, the dependency of ZSD on both distance and height for 3D UMa are illustrated in the following figures. It is clearly shown that the value of ZSD can be varied largely, e.g. with about 100% between the upper-right and the lower-left corners of Figure 1. 
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Figure 1 Dependency of ZSD on height and distance
· Cluster number, Cluster ZSD/Cluster ZSA mean and standard deviation
The mean and standard deviation of Cluster ZSD and Cluster ZSA are given in the table below [7]:

Table 4.  The cluster parameters
	
	
	Number of Clusters
	Number of rays 

per cluster
	CZSA[o]
	CZSD[o]

	UMa
	LOS
	14
	20
	9
	11

	
	NLOS
	16
	20
	6
	8


· Autocorrelation distance and height of ZSD, ZSA

The autocorrelation distance is used to correlate the ZSD/ZSA of rays at neighbouring locations. For 3D MIMO channel, the autocorrelation should be evaluated ideally in a 3D space, i.e., as a function of the 3D distance between rays (δ3D).  But considering the azimuth and zenith domain fast fading angular parameters have been modelled separately and the correlation between them are accounted for by cross-correlations, we propose to evaluate the autocorrelation also separately for distance (azimuth dimension) and height (zenith dimension). The correlations between the angular parameters in the two dimensions are modelled by the cross-correlations of zenith parameters and azimuth parameters  (c.f. Table 6 of [7]).  
The autocorrelation distance of ZSD and ZSA for UMa outdoor are given in the following table based on our field measurements:
Table 5.  The autocorrelation distance parameters (meter)
	
	UMa

	
	LOS
	NLOS

	ZSD
	60.8
	37.5

	ZSA
	55.5
	37.7


We recommend reusing the UMi O2I autocorrelation distance and height for UMa O2I [11].

· Autocorrelation height of SF and other legacy parameters (DS, ASD, ASA, K) – if  any

We propose to not to model the autocorrelation height of legacy parameters.
· Limit of ZSD, ZSA for Step 4, limit for ZoD, ZoA in step 7
In Step 4 of [6], the zenith departure and arrival angles ZSA and ZSD should be limited so that the generated zenith angles should not exceed the maximum possible angle in practice.  By assuming a flat PAS with a value range of [0,180] degree for EoD/EoA, the maximal value of AS is 52o, equal to 1.7 (in log10(o)). The value of d in Table 3 can be considered as the lower bound ZSD and ZSA. 
· Constant C used for ZoD PAS for all cases of total number of clusters
In the field measurements, the measured raw ZoD angles of rays are firstly weighted by the ray power level normalized by the sum power of all rays at a location and then collected for distribution fitting. Hence, the angle sample at a location generated by the inverse distribution function should be inversely scaled with the normalized power. It is difficult to determine such a scaling factor analytically for each sample, but it is obvious that such a scaling factor is related to the powers, the distribution function, and the total number of the samples. For different number of clusters with Laplacian distributed PAS, we propose to reuse the scaling factors of Gaussian distribution for calibration purpose, i.e.,
Table 8.  Scaling factors for Laplacian PAS
	# clusters
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20

	C
	0.779
	0.860
	1.018
	1.090
	1.123
	1.146
	1.190
	1.211
	1.226
	1.273
	1.289


In the LOS case, constant C is substituted by CLOS given by:
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where K [dB] is the Ricean K-factor defined in Table 7.3-6 of [6]. 
· Step 10 – methodology of splitting a cluster to sub-clusters for ZoD, ZoA – similar to azimuth? 
We propose to reuse the methodology for azimuth angles.
3. Conclusions
In this contribution, we analyze the remaining issues about 3D UMa channel modelling based on MIMO field measurement. Some essential information is provided here for determining corresponding parameters for generating the 3D UMa channel. In summary, we recommend to update the channel generation steps in [6] with the proposals in Section 2.
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