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1. Introduction

In the polarization antenna model in 36.814 [1], the signal transmitted at an antenna element is projected to the V and H planes, corresponding to elevation θ and azimuth ø axes. Some unwanted effects have been found to occur for TX and RX antenna elements with polarization slant angles ζ other than V and H (c.f. [3]). These effects may have an impact on the selection of PMI with certain combinations of antenna angles. In this contribution, we explain this issue so that it can be considered whether any special attention needs to be given to avoiding these effects when evaluating 3D MIMO. 
2. Current Polarization Antenna Modeling
The current polarization antenna model is based on a projection of the transmitted or received signal on vertical and horizontal plane. In [1], Annex A.2.1.6.1, the horizontal antenna field component is described as:


[image: image1.wmf](

)

(

)

(

)

(

)

z

q

f

z

q

f

q

f

f

f

cos

,

,

,

,

A

F

F

=

=


(1)
The vertical antenna field component is described as:
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with 
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 = antenna amplitude gain in elevation θ and azimuth ø. The projection of the slanted antenna element on elevation θ and azimuth ø axes depends only on the slant angle ζ and not on the LoS direction between transmitter and receiver.
Crosstalk and co-polarized signals between vertical and horizontal plane are modeled by a 2x2 polarization matrix (for details see Figure 1).
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Figure 1: Explanation of polarization matrix
In matrix notation the polarization matrix is:
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with κ = cross polarization ratio between V and H plane (κ-1 = crosstalk). Phase shift
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 is randomly and independently chosen between –π ...+π for every relation between transmission planes (V or H) and reception planes (V or H).
For one subpath m of one reflector n the signal transmitted from antenna element s is received at antenna element u as follows:
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 is the power of subpath m of reflector n. Factors 
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 describe phase shifts due to antenna geometry, while
[image: image11.wmf](

)

t

j

m

n

,

2

exp

pu

 describes phase shifts due to Doppler. 
3. Impact on Precoding Decisions and Throughput
In the following we focus on the antenna field components and polarization matrix for simplicity. 

We evaluate as an example a cross-polarized transmit antenna and a vertically polarized receive antenna. We expect for subpath m of reflector n more-or-less uncorrelated signals, i.e. independent phases for the two receive signals (see Figure 2).
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Figure 2: Approximate expected receive signals for two X-polarized transmit antenna elements and one vertically polarized receive antenna element, for one subpath m of reflector n.

However, with the current polarization antenna model we obtain two receive signals that are highly correlated if the crosstalk κ-1 is relatively small (e.g. 0.06 < κ-1 < 0.2 for ITU-R based channels, see [1]):
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This is due to the facts that the receiver picks up the signal only from the V plane and that the signal of the two X-polarized antenna elements are projected onto the V plane. Consequently, Fig. 2 has to be redrawn for the current polarization model (see Fig. 3):
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Figure 3: Due to projection to V (and H) the current polarization model generates highly correlated signals for an X-polarized transmitter and a vertically polarized receiver.
In order to maximize the signal, the UE would feed back a PMI corresponding to a precoding of (1, -1), at least in case the crosstalk κ-1 is small.
This behaviour can directly be applied to LoS channels with one extremely dominant subpath. However, even in case of NLoS channels a precoding of (1, -1) optimizes the receive signal level of every subpath and, consequently, optimizes the signal of the currently dominant path. In order to demonstrate this we have performed a standard Urban Macro (UMa) simulation with assumptions according to [1] with 2 X-polarized TX antenna elements and 2 closely spaced vertically polarized RX antenna elements with λ/2 spacing. In contrast to [1] the speed has been set to 3km/h. In this first simulation all transmissions are restricted to rank 1.

Table 1: List of PMI and according precodings for rank 1 [2]
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Figure 4: Probability for choosing a certain PMI (c.f. Table 1) for all mobiles (left) and separately for the groups of LoS mobiles (middle) and NLoS mobiles (right)
Fig. 4 shows that PMI 1 corresponding to a precoding of (1, -1) is dominating. This is true even for NLoS mobiles with their high number of significant subpaths with different phases for each of the subpaths. However, in a real system we would expect a more evenly distributed PMI, at least for the NLoS mobiles.

Non intuitive (but less significant) PMI usage distributions have also been observed for +45°/-45° slanted antenna elements at the transmitter and cross-polarized antenna elements with different slant angles at the receiver. In contrast to this, 90°/0° slanted antenna transmitter elements yield always intuitive PMI usage distributions, independent of the receiver antenna structure.

For single and co-polarized receive antenna elements there is a significant impact of slant angles on throughput results (see Fig. 5, left diagram). At least for the X → || and + → // cases one would expect similar performance. No significant impact has been observed in case of cross-polarized receive antenna elements (Fig. 5, right diagram). For these simulations the rank has not been restricted.
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Figure 5: Mobile Throughput CDF for different slant angles and with cross-polarized TX antennas and co-polarized RX antennas elements (left diagram) or cross-polarized RX antennas elements (right diagram). The legend refers to slant angles at TX and RX: X: +45°/-45°, +: 90°/0°, |: 90°, /: 45°, || and //: co-polarized antenna elements with λ/2 spacing and 90° or 45° slant angle, respectively.
4. Conclusions
The current polarization model according to [1] has some shortcoming due to the projection of the transmit signal of slanted antennas to V and H plane and due to the polarization matrix that is applied to V and H plane (c.f. [3]). We have shown that the current model may lead to more or less wrong observations for specific MIMO antenna configurations. This is mainly due to the introduction of “virtual” vertically and horizontally polarized antenna elements.

The current model works well if a projection is not required, i.e. if TX and RX antennas are aligned to V and H plane, or in other words, if the polarization matrix is directly applied to the TX and RX antenna elements. For (partly) non orthogonal slant angles, like for the shown examples with X-polarized transmitters and V-polarized receivers, the alignment is not possible for all TX and RX antenna elements at the same time.
In this case, using the current X-polarization model for single or co-polarized receive antenna elements there is a strong impact on PMI distribution and throughput, while for cross-polarized receive antennas, there is less significant impact on PMI distribution and no impact on throughput.
One possible solution is to simulate X-polarized transmitters using 90°/0° transmit antenna elements. The receive antenna slant angle can be set accordingly, depending on the relation between transmitter and receiver slant angles.
It is recommended that this issue should be borne in mind when evaluating 3D MIMO. 
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