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1 Introduction

In this paper, we present consideration of approaches for 3D extension of the primary ITU-R channel models [1]. 

In the SID [2], it is suggested that the WINNER II/WINNER+ channel models can be used to speed up the channel modeling work: 

Work done outside 3GPP (WINNERII/WINNER+, channel modelling documentation available in public domain) can be used to speed up the start of the channel modelling work and benefit from the work done elsewhere by various 3GPP members.
In this contribution, we discuss how to extend the (2D) ITU-R channel models to their 3D counterparts based on the parameters defined in WINNER+ channel models. 
2 Discussion
The primary ITU-R channel models [1] have been used in 3GPP evaluations [2].  The ITU-R primary models are mainly based on the WINNER II channel models [3], while the field measurement results reported by China, Japan, and Korea are carefully merged within the model in ITU-R WP5D.  These models are geometric stochastic models. Although only the horizontal domain parameters are defined in [1], due to their intrinsic geometric structure, these models are capable of incorporating the vertical domain characteristics of the environments.  To this end, one needs to define a set of statistical parameters related to the vertical domain, e.g., the elevation spread of the departure (ESD), elevation spread of arrival (ESA), correlation between the ESD, ESA and other large-scale parameters (LSPs), etc.  The extension of the (2D) WINNER II channel models has already been investigated under the auspice of WINNER+ project.  The elevation related LSPs provided in [5] were taken mostly from literature and could be adjusted based on new measurement results. 

In spite of some drawbacks, it is still preferable to reuse the elevation related parameters from WINNER+ for the time being in order to speed up the channel modeling work. Considering that the predefined parameters in ITU-R primary models are not identical to those in the WINNER II/WINNER+ channel models, we may essentially have two ways to build up 3D channel models:
· Option-1: Use the full set of parameters defined in WINNER II/WINNER+ channel models for the sake of consistency, or
· Option-2: Keep all predefined parameters in current ITU-R primary model and add the elevation related parameters in WINNER+ channel models directly.

Option-1 retains the consistency of the azimuth- and elevation related parameters.  However, we may have some trouble when comparing the simulation results in the 3D scenarios with the legacy ones.  Considering that the revised parameters in ITU-R models, which merged “global” measurement results, have already been accepted as the official guideline to evaluate the IMT-Advanced candidates in ITU-R, we propose use option-2 to extend the ITU-R channel models to 3D.
2.1  Proposed scenario mapping
With option-2, we need to address the mapping between the WINNER+ scenarios and the ITU-R scenarios.  In Section 4.2 in [5], the elevation related parameters are provided for the following scenarios: a) Indoor (A1) (LOS/NLOS), b) O2I (B4) (NLOS), c) UMi (B1) (LOS/NLOS), d) UMa (C2) (LOS/NLOS), and e) SMa (C1) (LOS/NLOS).  In the ITU-R channel models, we also have five predefined scenarios: a) InH (LOS/NLOS), b) UMi (LOS/NLOS/O-to-I), c) SMa (LOS/NLOS), d) UMa (LOS/NLOS), and e) RMa (LOS/NLOS).  Notice that in 3GPP evaluations, the scenario RMa is rarely used, we proposed the following WINNER+ to 3D ITU-R mapping.
Table 1 Scenarios Mapping
	3D ITU-R
	InH
	UMi
	UMa
	SMa
	N/A

	
	LOS
	NLOS
	LOS
	NLOS
	O2I
	LOS
	NLOS
	LOS
	NLOS
	

	ITU-R
	InH
	UMi
	UMa
	SMa
	RMa

	
	LOS
	NLOS
	LOS
	NLOS
	O2I
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	WINNER+
	Indoor (A1)
	UMi (B1)
	O2I (B4) 
	UMa (C2)
	SMa (C2)
	N/A

	
	LOS
	NLOS
	LOS
	NLOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	


In previous 3GPP evaluations, scenario SMa was precluded.  If this scenario should be kept in SI [2] is for further study.  The elevation related parameters for each 3D ITU-R scenario are extracted from [5] and summarized in Table 2, except for the correlation distance parameters ESD and ESA which are obtained as the average of predefined correlation distance parameters ASD and ASA in [3].
Table 2 Channel Model Parameters (elevation related)

	3D ITU-R Scenarios
	InH
	UMi
	UMa
	SMa

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

	EoD spread (ESD) log10([(])
	
	0.88
	1.06
	0.40
	0.60
	0.88
	0.70
	0.90
	0.70
	0.90

	
	
	0.31
	0.21
	0.20
	0.20
	0.34
	0.20
	0.20
	0.20
	0.20

	EoA spread (ESA) log10([(])
	
	0.94
	1.10
	0.60
	0.88
	1.01
	0.95
	1.26
	1.08
	1.00

	
	
	0.26
	0.17
	0.16
	0.16
	0.43
	0.16
	0.16
	0.16
	0.16

	Cross-Correlations
	ESD vs SF
	-0.4
	0
	0
	0
	0
	0
	0
	0
	0

	
	ESA vs SF
	0
	0
	0
	0
	0
	-0.8
	-0.8
	-0.8
	-0.8

	
	ESD vs K
	0
	N.A.
	0.0
	N.A.
	N.A.
	0.0
	N.A.
	0.0
	N.A.

	
	ESA vs K
	0
	N.A.
	0.0
	N.A.
	N.A.
	0
	N.A.
	0
	N.A.

	
	ESD vs DS
	0.5
	-0.6
	-0.5
	-0.5
	-0.6
	-0.5
	-0.5
	-0.5
	-0.5

	
	ESA vs DS
	0.7
	0
	0.0
	0.0
	0
	0
	0
	0
	0

	
	ESD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	
	ESA vs ASD
	0
	0
	0.5
	0.5
	0
	0
	-0.4
	0
	-0.4

	
	ESD vs ASA
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	ESA vs ASA
	0.5
	0.5
	0
	0
	0.5
	0.4
	0
	0.4
	0

	
	ESD vs ESA
	0.4
	0.5
	0
	0
	0.5
	0
	0
	0
	0

	Cluster ESD [(]
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Cluster ESA [(]
	3
	3
	7
	7
	3
	7
	7
	7
	7

	Correlation distance [m]
	ESD
	4
	4
	12
	10
	25
	15
	50
	18
	30

	
	ESA
	4
	4
	12
	10
	25
	15
	50
	18
	30


2.2 Detailed steps to extend the ITU-R channel models
In this section, we proposed detailed steps to extend the ITU-R channel models.  Section B.1.2.2.1 in [3] provides detailed steps of how to generate channel coefficient for the primary generic ITU-R channel models.  We take that as the baseline to describe the proposed extra steps for the extended 3D ITU-R channel models.
General parameters:

Step 1:  Set environment, network layout, and antenna array parameters

a. Give locations of BS and UT, or equally distances of each BS and UT and relative directions and ((LOS, θLOS)and ((LOS, ϑLOS) of each BS and UT

Large scale parameters:

Step 4:  Generate correlated large scale parameters, i.e. delay spread, azimuth angular spreads, elevation angular spreads, Ricean K factor and shadow fading term like explained in [4, section 3.3.1]

 (Correlations between large scale parameters). Limit random rms arrival and departure azimuth spread values to 104 degrees, i.e., (  = min(( ,104(), (  = min(( ,104(). Limit random rms arrival and departure elevation spread values to 52 degrees, i.e., θ = min(θ ,52(), ϑ  = min(ϑ ,52().
Small scale parameters:

Step 7b:  Generate arrival elevation angles ϑ and departure elevation angles θ.

Draw elevation angles with the same procedure as azimuth angles on Step 7 with EoD and EoA having the same distribution as AoD and AoA.  Azimuth rms angle spread values and cluster-wise azimuth spread values are replaced by corresponding elevation parameters from the Table 2.















Step 8:  Random coupling of rays within clusters. 

Within a cluster n, or within a sub-cluster in the case of two strongest clusters, firstly, couple randomly departure ray azimuth (n,m to departure ray elevation θn,m and arrival ray azimuth (n,m to arrival ray elevation ϑn,m.  Then couple randomly the departure directions (in both azimuth and elevation) with arrival directions (in both azimuth and elevation).  (see Step 10a and Table B.1.2.2.1-2 in [3]).

Coefficient generation:

Step 10a:  Generate channel coefficients for each cluster n and each receiver and transmitter element pair u,s.

For the N – 2 weakest clusters, say n = 3,4,…,N,  and uniform linear arrays (ULA), the channel coefficients are given by:
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(20)
where k((, θ) is the wave vector in the direction ((, θ), ss is the positional vector of the sth antenna element at the BS, su is the positional vector of the sth antenna element at the UT. Given ((, θ), the wave vector is defined as
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The Doppler frequency component is calculated from the angle of arrival (downlink), UT speed v and direction of travel ((v,v)



[image: image3.wmf](

)

]

sin

sin

cos

cos

[cos

,

,

,

0

,

v

m

n

v

m

n

v

m

n

m

n

q

J

q

J

f

j

l

u

+

-

=

v

,
(21)
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 coefficient generated by (20). The channel coefficients are given by:
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(23)      
3 Conclusion

In this contribution, we discussed possible approaches to extend the ITU-R channel models to 3D and our suggestions are as follows:
Proposal 1: Use the mapping in Table 1 to merge WINNER+ scenarios into existing ITU-R scenarios.

Proposal 2: Add the elevation related parameters in Table 2 on top of current ITU-R primary models to build up 3D channel models for now, until better measurement results are available.
Proposal 3: Follow the detailed steps in Section 2.2 to generate channel coefficient for the new 3D ITU-R channel models. 
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