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1. Introduction
It has been argued that MIMO system performance could be further enhanced through the use of antenna systems having a two-dimensional array structure that provides adaptive control over both the elevation dimension and the azimuth dimension [1]. The use of the additional degree of freedom (elevation diversity) could allow the increase of received SNR, the reduction of inter-cell interference, among other enhancements. 
One of the objectives of the SI [1] has been to identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical. In particular, the
3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth has been required. 

In this contribution, we discuss possible extensions to the legacy channel model. As required in [1], the legacy channel model is the ITU channel model as described in 3GPP TR 36.814 [2], sections A2.1.6 and Annex B.　
2. Main Suggestions
The suggested changes are reported in Table 1 in Section 3. Most of the needed 3D extensions has already been discussed in WINNER + channel model [3] and will not be detailed in this contribution for clarity in exposition and brevity.

Still, with the next goal of evaluation of 3D MIMO enhancements in mind, we would like to emphasize below arguments and assumptions that have not been discussed in Winner II. These assumptions are important in our view as they may significantly affect the performance evaluation of 3D MIMO beamforming in later study items:
· LoS/NLoS assumptions: 

· Measurement campaigns in the literature have demonstrated that antenna downtilt may not perform well in macrocell environments, precisely that gains in receive SINR gains and RMS delay spread may not be significant [4]. In our view, this is due to the shadowing effect in outdoor environments. 
· Therefore, we anticipate that the setting of LoS/NloS probabilities intuitively impacts the expected gains from 3D beamforming in later studies.
· In particular, in the legacy 2D channel model, LoS/NLoS probabilities are generated function of the scenario and the MS - BS distances only. However, we believe either building heights or the BS downtilt angle (or both) would impact the LoS/NLoS likelihood. This same conclusion has been also suggested in the literature, see e.g. [5].  
· Downtilt Speed (Case of Mechanical/Electrical Downtilt)
· We anticipate that the speed at which BS downtilt (3D beamforming) may occur has an order of magnitude much larger than the drop duration. 
· Therefore, we suggest that the elevation angles, just like the phase angles, would be assumed constant at the cluster level at least. 

· The effects of any downtilt mechanical or electrical would be perceivable at the link level and system level only.

· A consequence of such constraint is that 3D MIMO beamforming approaches that might arise later may not be expected to be function of the channel matrix (by the time the downtilt procedure finishes, the channel would have already changed into a new realization).

· Channel Gain formula
· The proposed channel gain formula for the channel gain coefficient between Tx antenna element s and Rx element u for cluster n is expressed as: 
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where Frx,u,V and Frx,u,H are the antenna element u field patterns for vertical and horizontal polarizations respectively, αn,m,VV and αn,m,VH are the complex gains of vertical-to-vertical and horizontal-to-vertical polarizations of ray n,m respectively, 
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 is the AoD wave vector, 
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is the AoA wave vector, 
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 are the location vectors of element s and u respectively, and 
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 is UE’s velocity vector.
In Cartesian coordinates, we propose the following expressions for the locations vectors, the AoD and AOA wave vectors and the velocity vector (assuming ULAs at the TX and RX sides): 
· Location vector for TX element s
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where 
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 is the inter-element space at the TX ULA (usually a multiple of the wavelength, 
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), 
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is the index (order) of the element s and 
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 is the BS height
.
· Location vector for RX element u
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where d is the MS – BS distance, 
[image: image13.wmf]u
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 is the inter-element space at the RX ULA (usually function of the wavelength, 
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), 
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is the index (order) of the element u and 
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 is the MS height.

· AoD wave vector
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where 
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 is the wavelength at the carrier frequency, 
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 respectively denote the the elevation angle of departure (EAoD) and the azimuth angle of departure (AAoD) w.r.t. ray n,m.
· AoA wave vector
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where 
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 is the wavelength at the carrier frequency, 
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 respectively denote the the elevation angle of arrival (EAoA) and the azimuth angle of arrival (AAoA) w.r.t. ray n,m.

· UE velocity vector
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where 
[image: image26.wmf]v

 denotes the UE’s speed and 
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, 
[image: image28.wmf]v

j

 resp. denote the elevation and azimuth angle of travel of the mobile’s direction of travel. 
· Doppler shift

· The Doppler shift in the legacy 2D system is function of the maximum doppler frequency and the difference between the azimuth angle of arrival and azimuth direction of travel of the mobile: 
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· Contrarily, following the afore- suggested wave vector and velocity expressions, the new Doppler shift has the following expression: 
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which is clearly function not only of the said azimuth angles (the term 
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 already found in the 2D expression), but of the elevation angle of arrival and the elevation direction of travel as well.

· Such result is likely to affect the channel’s coherence time, and as such the expected gains of 3D beamforming and MIMO feedback schemes.
3. Conclusion
In this document, we shared our views on the required revisions to be made to the legacy 2D channel model to encompass the 3rd (elevation) dimension. While the list of changes that may be required has been reported in Table 1 (attachment) for convenience in exposition, we mainly contributed the following: 
· Unlike 2D legacy channel model where LoS/NLoS conditions are function of the eNB – UE distances only, we pointed out that the LoS probability might be impacted by the elevation angle/building height as well. Because the performance of 3D MIMO with downtilt beamforming would depend on LoS/NLoS conditions (some literature [4] suggests that downtilting does not perform much in NLoS scenarios), we believe setting this assumption may be important.
· For antenna mechanical/electrical downtilt, we suggested that it may be reasonable to assume the downtilt angle fixed (at least) at the cluster level, because the downtilt procedure speed is much slower than the channel variations.
· We devised an extension of the legacy 2D closed form expression of the MIMO channel coefficient to the 3D domain. 
· From this channel formula derivation, we found out in particular, that the Doppler shift is no longer function of the azimuth angles only, but of the elevation angles as well. We provided a single letter expression of the Doppler shift in the particular case where the eNB and the UE are equipped with ULAs.
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Table 1- List of Suggested Changes to Upgrade the Legacy 2D Channel Model to A 3D Model
	Channel Generation Phase
	Module
	Suggested Change

	User-defined parameter generation
	Scenario selection
	None

	
	Network Layout (BS/MS locations, UE velocities, etc)
	None

	
	Antenna Field Pattern
	Modifications have been suggested in the legacy 2D model [2], Section A.2.1.6.1.

	Propagation Parameter Generation
	LoS/NLoS conditions
	In [2], Table B.1.2.1-2 provides probability formulas for LoS and NLoS conditions for each scenario. The Table is provided below (Table 2). We can see that these probabilities are only function of the distance. However, it is arguable that for a given distance, the LoS or NLoS conditions would vary depending on the TX elevation angle as well.

For instance, in [5], it has been suggested that a change in elevation would change LoS/NLoS probabilities (PLoS, PNLoS). Precisely, the distribution of PLoS versus the elevation angle was found to behave as:


[image: image32.wmf](

)

e

LoS

d

c

b

a

a

P

÷

ø

ö

ç

è

æ

-

+

-

-

=

q

q

1

,

where a, b, c, d, e are parameters that depend on the scenario
. Other works seem to suggest that the impact of elevation on the shadowing nature of the environment seem to depend on the degree of urbanization of the environment.

Thus, it may be needed that Table B.1.2.1-2 in [2] be modified to account for the effect of elevation upon the probability PLoS.

	
	Pathloss formulas
	None
 

	
	Small Scale Parameters
	· As suggested in Winner II model [3], 2 new angles need to be introduced raising the total number of angles in the 3D channel model to 4. The 4 angles for a ray n,m within a cluster m are: 

·  
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is the azimuth angle of departure (AAoD) 
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[image: image35.wmf]m

n

,

w

 is the elevation angle of departure (EAoA) 

· 
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 is the azimuth angle of departure (AAoA) 
Further, the direction of travel of the UE is also defined by 2 angles (instead of 1 in the legacy model):

· 
[image: image37.wmf]v

q

 is the elevation angle of the direction of travel 
· 
[image: image38.wmf]v
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 is the azimuth angle of the direction of travel


	
	Large Scale Parameters
	· As new angles have been introduced, new angular spreads and correlation coefficients need to be introduced and calculated. These are discussed in depth in the Winner II model [3], pages 65 – 73.

· Delay generation and cluster power generation procedures (Steps 5 and 6 in [2, pp. 97 - 98]) are unaffected.

· Ray coupling: 

· If EAoD and EAoA are assumed randomly coupled (just like azimuth angles), then ray random coupling phase should be performed not only with respect to (w.r.t.) azimuth angles of arrival/departure, but also w.r.t. elevation angles as well. In other words, we suggest in this case to add the following step in the SCM channel generation procedure: “Randomly couple elevation departure ray angles (n,m to arrival ray angles (n,m within a cluster n, or within a sub-cluster in the case of two strongest clusters”.

	Channel Coefficients Generation
	Initial Phases
	None

	
	Doppler Frequency Component Generation
	· In the legacy 2D model, the radial velocity is the UE’s speed multiplied by the cosine of the difference between the (azimuth) angle of arrival and the direction of speed :
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· However, in the 3D case, the velocity takes a more evolved form that implicates not only the azimuth angles but also the elevation angles. The closed-form expression has been derived in this contribution (Section 2) and is given by:
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In particular, for low elevation angle of arrivals, 
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, the Doppler shift simplifies to:
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a formula already known in the radar literature. In particular, we notice that the doppler effect becomes irrespective of the azimuth angle.

	
	New channel coefficient
	· 3D antenna patterns as well as polarizations have already been discussed in the legacy model [2, section A.2.1.6.1] and/or in Winner model [3]
· The proposed channel gain formula for the channel gain coefficient between Tx antenna element s and Rx element u for cluster n is expressed as:
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where Frx,u,V and Frx,u,H are the antenna element u field patterns for vertical and horizontal polarizations respectively, αn,m,VV and αn,m,VH are the complex gains of vertical-to-vertical and horizontal-to-vertical polarizations of ray n,m respectively, 
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 are the location vectors of element s and u respectively, and 
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 is UE’s velocity vector.
Please refer to Section (2) of this contribution for the details of the derivation of this expression when the TX and RX are equipped with ULAs.


Table 2 – LoS/NLoS condition probabilities as specified in [2], Table B.1.2.1-2
	Scenario
	LOS probability as a function of distance d [m]
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� Here, it is assumed that all TX/RX elements are assumed approximately at the same altitude


�


� It appears that Umi Manhattan model already accounts for the elevation angle when computing through-the-wall pathloss attenuation.
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