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1. Introduction
At the November plenary, the SI “Study on 3D-channel model for elevation beamforming and FD-MIMO studies for LTE” was approved [1].  The SI lists four objectives:
· [image: image76.wmf]ESD

m

Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO

· Identify modifications to the 3GPP evaluation methodology needed to support the proper modelling and performance evaluation for the scenarios identified being typical:

· Modelling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modelling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modelling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modelling the mobility of outdoor UEs in both the horizontal and vertical domains. 

· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes. Work done outside 3GPP (WINNERII/WINNER+, channel modelling documentation available in public domain) can be used.

· Generate baseline simulation results (corresponding to a number of antenna ports and transmission scheme supported by  Rel-11) with the modified evaluation methodology  

In this contribution, we propose extensions to the channel models of A2.16. and Annex B of 36.814 to support 3D modelling in these scenarios.
2. Modifications to the 3GPP Evaluation Methodology

According to the study item description, 3-dimensional channel modelling will use A2.1.6 and Annex B of 36.814 as a starting point with work done outside of 3GPP, e.g. WINNER+, as a possible supplement. Below we first describe additions to the methodology of 36.814 which are needed to support 3-dimensiontal channel models. Next, we propose a method of modelling the locations of outdoor and indoor UEs in both the horizontal and vertical domains.  Lastly, we address the need for modelling the mobility of outdoor UEs in both horizontal and vertical domains.
2.1. Extension to 3D Channel Models
The double-directional 2D channel model described in 36.814 Appendix B can be extended to three dimensions with the addition of new small scale and large scale parameters, a mapping scheme between azimuth and elevation angles of subpaths, and a definition of antenna element response.  Other additions such a propagation loss and modification of the expression for a rays Doppler shift will be discussed in the following sections.
2.1.1. New Small and Large Scale Parameters

Modelling in elevation requires the 
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 as new small scale parameters.  These are drawn from the from density functions 
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 parameterized by the large scale parameters of departure elevation angular spread, 
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 respectively.  In addition to angular spread, the large scale parameters of mean elevation departure angle, 
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The large scale parameters ESD, ESA, MED, and MEA are in turn generated according to their own density functions 
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.  These densities are then parameterized by a set of constants, e.g. mean and standard deviation. A proposal for the form of the small and large scale density functions is given in Table 1.  The departure elevation spread, ESD, and the arrival elevation spread, ESA, are proposed to be Gaussian and are therefore parameterized by their mean and standard deviations.  As shown in Table 2 below (values from WINNER+ [3], Table 4-3) these parameters are required for each of the scenarios.   WINNER + proposes values for each of these parameters based on a review of the literature.  Our proposal is to take the WINNER+ values unless further field trials or simulation results are produced which indicate significantly different values.
Proposal:

· Adopt the WINNER+ values for 
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 unless field trials or ray tracing results indicate significantly different values.
Table 1: Density functions of small and large scale parameters

	Small Scale Parameters
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 with maximum density at MED and width parameter ESD
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 with maximum density at MEA and width parameter ESA

	Large Scale Parameters
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	log-normal (base 10) with mean 
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	Fixed Value 
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Table 2: Parameters of the large scale parameter density functions.

	
	
	UMI
	UMa

	
	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS

	ESD
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	0.4
	0.6
	0.88
	0.7
	0.9
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	0.2
	0.2
	0.34
	0.2
	0.2

	ESA
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	0.6
	0.88
	1.01
	0.95
	1.26
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	0.16
	0.16
	0.43
	0.16
	0.16

	MED
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2.1.1.1. Cross-Correlation between Large Scale Parameters
As with azimuth-only channel modelling, the elevation large scale parameters may be correlated between themselves as well as with the azimuth angular spreads, shadowing fading, and delay spread. WINNER + has proposed a set of such correlations although only the UMa parameters are derived from reported field tests.  WINNER+ proposes to reuse these parameters for UMi.  WINNER+ also uses the Indoor scenario correlations cited in WINNER 2 (Sec. 4.4) for the UMi O-to-I cross correlations. All unknown values are assumed to be 0.  Another issue with setting the cross-correlations is the requirement that the correlation matrix be positive definite which is not assured when its elements are chosen independently. This issue may be addressed by approximating the desired correlation matrix with the nearest positive definite matrix as described in [3].  It is likely however that the set of companies’ field tests results will indicate a range for elements of the correlation matrix rather than one particular value. It may be possible therefore to evaluate the positivity of the correlation matrix over reasonable ranges of each of the correlations given the field test results.  This could be done in an exhaustive manner where each correlation is scanned over a range or in a random fashion where each correlation is drawn from say a uniform distribution over the range.  In either case the first step is to analyze field test or ray tracing results for each parameter and establish an estimated value and possibly an associated range.

Proposal: 

· Values for the cross correlations involving large scale elevation parameters should, if possible, be derived from estimates from field test or ray tracing results. Approaches for insuring that the resulting correlation matrix is positive definite are FFS.
Table 3: Cross-Correlation Between Large Scale Parameters
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2.1.1.2. Auto-Correlation of Large Scale Parameters

The autocorrelation distances of ESD and ESA also need to be specified. The WINNER+ model cites no field results on this topic but proposes to average the correlation distances of the azimuth angular spreads, ASD and ASA, and use the result for both ESD and ESA based on the reasoning that because the same set of scatterers are involved, the autocorrelation lengths should be similar. Unless empirical evidence indicates this is inappropriate we propose to adopt this approach. 
Proposal:

· Use the average of the azimuth autocorrelation lengths of the departure and arrival angular spreads for the autocorrelation lengths of the elevation angular spreads, ESD and ESA unless empirical data shows otherwise.
2.1.2. Cluster Angular Spread
WINNER+ references measurements of cluster angular spreads in the UMa environment [Sec. 3.2.4.2] as being between 3-4 degrees for departure and 5-7 degrees for arrival.  WINNER+ proposed values for cluster ESD and cluster ESA are 3 degrees and 7 degrees for UMa and UMi environments respectively.  Absent additional data, we propose to use these values as shown in Table 4.
Table 4: Proposed Cluster Angular Spreads.
	
	UMi LOS/NLOS
	UMa LOS/NLOS

	Cluster ESD
	3
	3

	Cluster ESA
	7
	7


Proposal:

· Cluster ESD and ESA of 3 and 7 degrees for both UMi and UMa scenarios respectively.
2.1.3. Pairing of Subpath Azimuth and Elevation Angles

In the 2D channel model, departure subpath angles are randomly paired with arrival subpath angles.  This is so the departure subpath with the smallest angle offset is not automatically paired with the arrival path also of the small angle offset.  With 3D modelling it is, in addition, necessary to randomly pair subpath departure azimuth angles with subpath departure elevation angles.  Similarly, random pairing between subpath arrival azimuth angles and subpath arrival elevation angles is required.
Proposal

· Subpath departure (arrival) azimuth angles should be randomly paired with departure (arrival) elevation angles.  

2.1.4. Depolarization 
The 2D channel model includes modelling of depolarization due to scattering and diffraction processes.  In two dimensions transmitted and received rays are naturally decomposed into vertical and horizontal polarizations.  For NLOS propagation the depolarization process of a single subpath is modelled according to 
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where 
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 are the transmitted electric fields in the vertical and horizontal directions and similarly for the received electric fields 
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 are defined in 36.814 Sec. B.1.2.2.1.  
The question then becomes how should this be modified, if at all, to take into account propagation in elevation?  The most straightforward extension is to replace vertical polarization with polarization in the 
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 direction and horizontal polarization with polarization in the 
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 direction.  This is illustrated in Figure 1 for a single subpath and linear polarization in the 
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 direction at the transmitter. Note that 
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 is the elevation angle (i.e. referenced to the horizontal plan) as opposed to the polar angle (i.e. referenced to the +z axis).   In equation form this may be expressed as 
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1)

It may be argued that the scatterers are fixed to the x,y,z coordinate system and therefore the scattering and reflection processes are not the same when rays propagate in both elevation and azimuth.  If this argument can be supported by analysis, field results, or ray tracing results, and a more appropriate model is proposed, then it should be considered. In the absence of such support however the model of (1)

 should be adopted as the baseline model for depolarization effects.   Also as baseline, the log normal distribution and its mean and standard deviation parameters for the XPR ratio should be carried over from the 2D channel model of 36.814.
Proposal

· Model depolarization effects according to equation (1)

.  Reuse the log normal distribution function and its mean and standard deviation parameters of the 2D channel model of 36.814.
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Figure 1: Modelling depolarization with propagation in elevation as well as azimuth.  Linear polarization in the 
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 direction is used for transmission in this example. Scattering and diffraction processes cause the  polarization to become split into 
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 and 
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 directions. Note that 
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 denotes the elevation angle (i.e. 
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 being the angle respect to the horizontal plane) as  opposed to the polar angle (i.e. 
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 being the angle with respect to the +z axis).
2.1.5. Modifications to Path Loss Equations
Changes to the pathloss equations are required when the UE’s vertical dimension is modelled.  This is discussed below for UMi and UMa channels.
UMi

The O-to-I pathloss equation from Annex B of 36.814 is given in Table 5.  The pathloss is seen to be directly parameterized by the UE height, 
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 where for 2D channel modelling the value of 
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 has been fixed to 1.  Thus all that it is necessary is that we either model the vertical dimension of the UE’s location as an occupied floor or model the vertical dimension directly.  These two options are discussed in the companion contribution [8].
Table 5: O-to-I Pathloss Equation. 
	O-to-I
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For hexagonal layout (θ unknown):

PLtw = 20, other values remain the same. 
	 = 7
	10 m < dout+din< 1 000 m,

0 m < din< 25 m,

hBS=10m, hUT=3(nFl -1)+1.5m,

nFl=1,

Explanations: see  3)




3) PLb = basic path-loss, PL B1 = Loss of UMi outdoor scenario, PLtw = Loss through wall, PLin = Loss inside,  dout = distance from BS to the wall next to UT location, din = perpendicular distance from wall to UT (assumed evenly distributed between 0 and 25 m), θ = angle between LOS to the wall and a unit vector normal to the wall.

Note: The term 
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 is the NLOS UMi pathloss PL = 36.7log10(d) + 22.7 + 26log10(fc).
UMa
Unlike UMi, the ITU UMa channel model does not include an O-to-I scenario. However a UMa O-to-I scenario has been included in the set of CoMP evaluation scenarios. See Table A.1-1 of 36.819. The NLOS UMa pathloss loss equation is used with the same penetration loss specified in the UMi model, i.e. 
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 is the perpendicular distance to the wall.  The UMa O-to-I pathloss equation then becomes 

PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) +                            MACROBUTTON MTPlaceRef \* MERGEFORMAT (2)

(43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97) +20 +.5din
Whether these models are accurate for UE heights that can range through to the top floors of the buildings should be evaluated against the literature, e.g. [4], which indicates that outdoor to indoor

propagation loss equations can differ significantly from those which assume UEs near ground height.

Proposal:

· Validate the UMi O-to-I pathloss equation and Eq. 1 as the UMa O-to-I pathloss equation against field trial and literature results for UEs above ground height. Revise as necessary.

2.1.6. LOS/NLOS Link Assignment

The text in ITU-R M.2135-1 [5] which refers to LOS/NLOS propagation conditions refers to LOS and NLOS scenarios having their own path loss model and large scale parameters (e.g. Section 1.4.1.1) with probabilities assigned to each scenarios. Two interpretations of this text referring to LOS/NLOS scenarios are possible:

1) Each link in a drop is assigned as either LOS or NLOS based on a random draw according to the LOS/NLOS probabilities for the scenario being simulated, i.e. UMi, UMa, etc.

2) Each drop is assigned to be LOS or NLOS based on a random draw according to the LOS/NLOS probabilities for the scenario being simulated.

As pointed out in [7], interpretation 1) leads to the possibility that the links of two UEs that are nearby may have different realizations of  LOS/NLOS propagation and therefore would have different path  loss models, departure and arrival angular spreads, discontinuous path loss jumps etc, which is clearly unrealistic.
It appears however that the WINNER 2 channel model document [6] (on which the ITU evaluation methodology was based)  was actually proposing interpretation 2) as can be seen from Sec. 5.3.2:

“Mix of LOS and NLOS channel realizations can be obtained by first calculating a set of LOS drops and after it a set of NLOS drops. This can be done by setting the parameters ‘PropagCondtion’ to ‘LOS’ and later to ‘NLOS’.”
The Winner 2 channel model document however does suggest a method for having both LOS and NLOS links within the same drop for the indoor and urban microcell environments where streets or corridors are defined.  This is then a third alternative:
3) LOS/NLOS propagation is determined in indoor or urban microcell environments based on WINNER 2 Sec. 4.3.1.
Yet another alternative that is applicable to any scenario is to postulate a geometric model for the LOS process with a certain distribution (e.g., exponential de-correlation as a function of distance) while still meeting the Probability(LOS) requirement over the entire population of links. This would effectively introduce spatial correlation into the LOS/NLOS process  [7].
4) Generate the LOS/NLOS propagation type of a link according to a correlated spatial process while maintaining the LOS/NLOS probabilities over the population of links.
We therefore propose that these four approaches be studied and one be selected with possible modification.
Proposal:

· LOS/NLOS propagation modelling should be chosen from the following set of alternatives with possible modification:

1) Each link in a drop is assigned as either LOS or NLOS based on a random draw according to the LOS/NLOS probabilities for the scenario being simulated, i.e. UMi, UMa, etc.

2) Each drop is assigned to be LOS or NLOS based on a random draw according to the LOS/NLOS probabilities for the scenario being simulated.

3) LOS/NLOS propagation is determined in indoor or urban microcell environments based on WINNER 2 Sec. 4.3.1
4) Generate the LOS/NLOS propagation type of a link according to a correlated spatial process while maintaining the LOS/NLOS probabilities over the population of links.
2.2. Modelling the Mobility of Outdoor UEs in the Vertical and Horizontal Domains

UE motion, while not directly modelled in the system simulation methodology due to its time-slice nature,  is responsible for time-varying multipath fading due to the Doppler shifts imposed on arriving paths.  These Doppler shifts take different values when paths arrive with elevation than without even when there is only motion in the azimuth direction [2].  The Doppler shift (assuming the UE is moving in the horizontal direction only) of the nth  path with azimuth arrival angle at the UE of 
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This equation can be extended to include motion in the vertical domain [2].  However, since in our view outdoor UE vertical position should not be modelled, it is also unnecessary to model motion in the vertical direction.
Proposal:

· Subpath Doppler shifts according to  Eq. 2

· Outdoor UE motion in the vertical direction should not be modelled.
3. Conclusions
This contribution presented our views on extensions of the 2D channel model in 36.814 to support 3D modelling of these usage scenarios were proposed. The conclusions can be summarized as follows:
Proposal:

· 3D Channel Model Parameters as given in Appendix A subject to field trial and ray tracing results.
· Model depolarization effects according to Eq. (1)

.  Reuse the log normal distribution function and its mean and standard deviation parameters of the 2D channel model of 36.814.

· Validate the UMi O-to-I pathloss equation and Eq. (2)

 as the UMa O-to-I pathloss equation against field trial and literature results for UEs above ground height. Revise as necessary.

· LOS/NLOS propagation modelling should be chosen from the following set of alternatives with possible modification:

1) Each link in a drop is assigned as either LOS or NLOS based on a random draw according to the LOS/NLOS probabilities for the scenario being simulated, i.e. UMi, UMa, etc.

2) Each drop is assigned to be LOS or NLOS based on a random draw according to the LOS/NLOS probabilities for the scenario being simulated.

3) LOS/NLOS propagation is determined in indoor or urban microcell environments based on WINNER 2 Sec. 5.3.2

4) Generate the LOS/NLOS propagation type of a link according to a correlated spatial process while maintaining the LOS/NLOS probabilities over the population of links.


· Modelling the Mobility of Outdoor UEs in the Vertical and Horizontal Domains
· Subpath Doppler shifts according to  (3)

.
· Outdoor UE motion in the vertical direction should not be modelled.
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5. Appendix Proposed 3D Channel Model Parameters
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	LOS
	NLOS
	O-to-I
	LOS
	NLOS

	ESD (log10)
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	0.4
	0.6
	0.88
	0.7
	0.9

	
	[image: image79.wmf]ESA

s


	0.2
	0.2
	0.34
	0.2
	0.2

	ESA (log10)
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	0.6
	0.88
	1.01
	0.95
	1.26
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	0.16
	0.16
	0.43
	0.16
	0.16

	MED
	
	-2
	-2
	-1.2
	2
	-2

	MEA
	
	2
	2
	1.2
	6
	10

	ESD vs. SF
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. SF
	TBD
	TBD
	TBD
	TBD
	TBD

	ESD vs. K
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. K
	TBD
	TBD
	TBD
	TBD
	TBD

	ESD vs. DS
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. DS
	TBD
	TBD
	TBD
	TBD
	TBD

	ESD vs. ASD
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. ASD
	TBD
	TBD
	TBD
	TBD
	TBD

	ESD vs. ASA
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. ASA
	TBD
	TBD
	TBD
	TBD
	TBD

	Corr. Distance meters
	ESD
	8
	10
	11
	18
	50

	
	ESA
	8
	9
	17
	15
	50

	Cluster ESD
	3
	3
	3
	3
	3

	Cluster ESA
	7
	7
	7
	7
	7

	AoD and AoA distributions
	Laplacian 


TBD
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