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1 Introduction
SID RP-122034 [1] identified the need for a 3D channel model for evaluation purposes:

 “In order to enable evaluation of the possible specification method to enhance the performance with 3D-beamforming or with FD-MIMO, a new channel model is needed with enables modelling in both vertical and horizontal dimension of the environment as well as user locations in the network.”  

In RAN 72 meeting (Malta), both submitted contributions and offline discussions have shown divergence between the contributors as to the extent to which the new 3D channel model should mimic reality: 
· The agreed scenarios in the UE-specific elevation beamforming and FD MIMO (Status Report RP-130138 [2]) suggest modifications such as adding new angles of arrival and departure, 3D UE drop, (multi-floor) building drop and possibly even terrain modelling.

· These changes, albeit necessary, have raised concerns from some companies (see e.g. [3]) over substantially increased simulation complexity and evaluation time. 
· The channel formula, in particular, becomes too cumbersome owing to the use of spherical coordinates, the introduction of elevation angles and possibly the 3D UE motion due to hilly terrain modelling.

In order to reconcile simulation accuracy and computational complexity, we propose in this contribution suggestions towards the simplification of the 3D extension without affecting the accuracy of the models.
Our proposal is motivated by the fact that certain approximations hold true in certain scenarios. For example, it is fairly reasonable to expect a 3D channel to behave as a 2D channel if the UE is relatively far from the BS (thereby taking out the need to consider e.g. the elevation angle of arrival).

Thus, rather than having a generic one-size-fits-all channel formula for all scenarios, we propose scenario-based channel modelling
.
The proposed approximations are discussed in the following body and are summarized in the conclusion.

2 Extending the 2D ITU-R Channel Model to 3D
2.1 The ITU-R Model

In the 2D case, the ITU-R model [4] models the channel gain (impulse response) coefficient 
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 between a transmit antenna s and a receive antenna u within a cluster of rays n of delay
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(Notations follow those in [4], p.90)

2.2 The 3D Extension
It would be inaccurate to start from the 2D channel formula above to get the 3D extension. 

Rather, a more appropriate approach is to start from the very definition of the channel gain coefficient.

A typical model for a channel gain (impulse response) coefficient between a transmit antenna s and a receive antenna u within a cluster of rays generally takes the following form (see e.g. [5] and references therein): 
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where:

· 
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 is the scattering coefficient relative to ray m within cluster n
· 
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 is the position vector of transmit antenna element s
· 
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 is the position vector of receive antenna element u
· 
[image: image8.wmf]v

r

 is the mobility vector of the UE, generally assumed constant during a channel realization

· 
[image: image9.wmf]tx
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is the wave vector relative to the wave departing from the BS through sub-path m of path n
· 
[image: image10.wmf]rx
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is the wave vector relative to the wave arriving at the UE through sub-path m of path n
Subsequently, by inspection of the 2D channel formula and the above definition, the 3D channel model can be properly modelled as:
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Vis-à-vis the 2D case, the 3D case has the following particularities: 

· The vectors
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 are now, a priori, 3D vectors. 
· The radiation patterns 
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The polarization coefficients are kept unchanged as the ITU-R model states that these coefficients are indifferent to the elevation angles [4].
3 Simplifying the Extension of the 2D ITU-R Channel Model to 3D
3.1 Position of the Problem
· Applying the 2D channel formula (paragraph 2.2) in case the Tx and Rx are modelled as ULAs yields the following [4]:
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(again please refer to [4], p. 100 for details on acronyms and notations).

· However, applying the 3D formula mentioned in paragraph 2.2 to the case of a ULA of antennas yields
:
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where:

· 
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are the elevation angles of arrival and departure (resp.), relative to ray m within cluster n.

· 
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 are resp. the 2D ULA’s horizontal and vertical spacings at the eNodeB and 
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h

 is the eNodeB’s relative height w.r.t. to the ground (or any other reference, as long as this reference is also used to measure the UE’s elevation). 
· 
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 are resp. the 2D ULA’s horizontal and vertical spacings at the UE and 
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h

 is the UE’s relative height w.r.t. to the ground (or any as long as this reference is also used to measure the eNodeB’s elevation). 

· 
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 is the eNodeB –UE distance.

· 
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 is the elevation angle of the direction of travel of the UE. If the UE’s motion is planar, then 
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Clearly, this formula is more cumbersome than the 2D case. 

Thus, we propose in what follows scenario-based approximations that aim at simplifying the 3D formula without affecting the reliability of the model.
3.1 Proposed Approximations Relative to the UE Velocity
In the status report, baseline scenarios consider the UEs to be dropped on fixed heights (be it the ground plane or a building floor). Assuming a planar motion, the elevation component of velocity vector 
[image: image36.wmf]v

r

 becomes zero
, and the only two non-zero components are the radial velocity and the azimuth velocity the Doppler component of the channel simplifies to:
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3.2 Proposed Approximations Relative to the AoA / AoD Scalar Products
Careful inspection of the 3D channel formula reveals a summation (in each of the two AoA / AoD exponentials) of a sine product and a cosine. We know that trigonometric functions sine and cosine lie in [-1,1]. We also know that sine and cosine of a given angle behave inverse-proportionally to each other
. 

For illustrative purposes, we illustrate this inverse-proportionality in the numerical examples provided in Figs 1 and 2. 
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Figure 1- 
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Figure 2- Ratio 
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Thus:

· If the envisaged deployment/simulation scenario is such that e.g. sin(x)sin(y) ≫ cos(x), where x is the elevation angle, then disregard the cosine term in the equation. 

· If the envisaged deployment/simulation scenario is such that e.g. sin(x)sin(y) ≪ cos(x), where x is the elevation angle, then disregard the sine product term in the equation. 

We shall provide specific examples in what follows.
3.2.1 Proposed Approximations Relative to the AoA Scalar Product (UE Side)
The exponential term relative to the arrival of rays to the UE elements is:
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· Low elevation angle of arrival (Fig. 3): If the scenario is such that the rays arrive to the UE from a low elevation (e.g. UE is far from the BS), then the rays are almost horizontal: 
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. Thus, the exponential simplifies to:
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Figure 3- Example of a scenario with low elevation angle of arrival. As the UE – eNodeB distance D increases, the angles α = θ approach zero (observe that 
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). Subsequently, the direction of arrival at the UE can be modeled as horizontal.
· Steep Angle of Arrival (Fig. 4): This is the case, for instance, when the UE is relatively close to the BS (i.e. scenarios where elevation beamforming is likely to be applied) or when the UE is in a dense urban environement with tall buildings. In such a case, the exponential term relative to the AoA rays can be approximated as:
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Figure 4- Example of a scenario with a steep elevation angle of arrival. In this case, the elevation angle of arrival and departure are no longer equal to each other (they are no longer alternate-interior), even if the UE is far from the eNodeB. Rather, according to the Walfish-Ikegami channel model [6] or the COST-231 model [7], the dominant path comes from the rooftop of the nearest tall building. Thus, if the UE is in a dense urban environment with tall buildings, one may expect steep angles of arrivals of the rays regardless of the eNodeB’s height.
3.2.1 Proposed Approximations Relative to the AoD Scalar Product (BS Side)
The exponential term relative to the departure of rays from the BS elements is:
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· If the BS elements are placed at an elevation much higher than that of the UE, or if the downtilt angle is significant, then the following approximation holds: 
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· Otherwise, if the elevation of the BS is not significant (vis-à-vis the UE’s) and if the downtilt angle is small, then the following approximation holds:
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4 Conclusion

The extension of the 2D ITU-R channel to 3D is likely to make the channel gain (impulse response) formula cumbersome and simulations time consuming, as pointed out by some companies [3].

In this contribution, we have suggested the following: 

· Rather than providing a very complex generic one-size-fits-all channel gain formula, we propose simpler scenario-specific channel modelling.
· As illustrative examples, we have shown that the 3D channel coefficient formula can be significantly reduced based on the following assumptions: 

· UE mobility pattern (ground motion instead of 3D motion)

· The Doppler component can be significantly simplified if the UE’s motion is assumed planar (be it on the ground or on a floor).

· UE’s location
· Rather than providing a generic channel formula irrespective of the UE’s location w.r.t. the eNodeB, very simple formulas can be obtained if the UE’s location can be categorized as either far from the BS (low elevation angle of arrival) or close to the BS (Steep elevation angle of arrival).  

· Degree of urbanization (particularly building heights) can help make very helpful simplifications (tall buildings ⇨ steep elevation angle of arrival from rooftops)
· BS Parameters

· BS relative height (w.r.t. the UE’s) can help make convenient approximations. 

· Downtilt angle range and radiation pattern may also help make some useful approximations 
Again, the above are just examples of possible approximations. 
Other simplifying approximations are FFS. 
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Appendix A: Derivation of the 3D Channel Formula with 2D ULAs
We pick the story from paragraph 2.2 where it was shown that the general formula for a 3D MIMO channel coefficient between a Tx element u and an Rx element s w.r.t. ray cluster n of delay tap is given by: 
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A first step is to define the 3D coordinates at the eNodeB and the UE. 
Fig. 5 illustrates the 2D ULA at the eNodeB together with the Cartesian and spherical coordinate systems: 
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Figure 5- An antenna element s of a 2D ULA eNodeB. Cartesian and spherical coordinate systems are also plotted for reference. Within the 2D ULA, the antenna elements are 
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 spaced vertically.
· In spherical coordinates, the element s of the eNodeB has the following coordinates: 
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where 
[image: image62.wmf]s

h

denotes the eNodeB height above a given reference.

· Likewise, the In spherical coordinates of a receive antenna element u of the UE takes the following form: 
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where 
[image: image64.wmf]u

h

denotes the UE height above a given reference and D denotes the eNodeB – UE distance.

· The velocity of the UE in spherical coordinates is given by:
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 resp. denote the azimuth and elevation angles of the direction of travel.

· In spherical coordinates, the wave vector relative to ray m of cluster n departing from the eNodeB is given by:
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 resp. denote the azimuth and elevation AoDs. 

· Likewise, the wave vector relative to ray m of cluster n arriving at the UE in spherical coordinates is given by:
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Then, the 3D formula in paragraph 3.1 can be easily derived following straight-forward calculations of the scalar products in the 3D channel formula, Q.E.D. ∎ 
� It is true that the 3GPP evaluation methodology (e.g. ITU-R [4] channel model) distinguish between different scenarios (UMa, UMi, indoor, etc.). However, these distinctions are only made for large-scale parameters. As for the channel gain formula per se, there is only 1 channel formula for all scenarios, that of [4], p.90. Here, we suggest that we use a different channel formula for each different scenario, if substantial approximations can be achieved.   


� Please refer to Appendix A for details on the derivation of this result


� In spherical coordinates, a planar motion corresponds to an elevation angle of � EMBED Equation.3  ���, or equivalently: � EMBED Equation.3  ��� rad. Thus, � EMBED Equation.3  ��� and � EMBED Equation.3  ���.


� Because for any angle we have � EMBED Equation.3  ���, it is rather straight-forward that whenever sine increases, cosine decreases and vice-versa.
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