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1 Introduction
The purpose of the contribution is to describe and validate the methodology used for computing the short-term antenna imbalance in [2]. For that purpose the methodology is compared with analytical derivations for a reference case consisting of two perpendicular dipoles. We also notice that the results and scenario presented herein can be used for calibrating the methods between the different companies. 
2 Validation of the methodology used when determining the short-term antenna imbalance

The considered reference case is one where there is one dipole along the x-axis (
[image: image1.wmf]0

=

j

) and one dipole along the y-axis (
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). This setup yields the two fair-field antenna gain patterns 
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 respectively. The combined far-field antenna gain pattern is illustrated in Figure 1.
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Figure 1: Antenna diagram for the reference scenario.
2.1 Analytic computation of antenna imbalance 

In this section we compute the short-term antenna imbalance for the reference scenario described above. We highlight that the analytical derivations are based on a continuum of outgoing rays. This corresponds to a setting where there is a large number of outgoing rays. We furthermore assume that the angular spread is described by a truncated Laplace distribution characterized by a mean 
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, variance 
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Then the power received from antenna 1 can be written as
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(1)

Exploiting that 
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 Equation 1 can be rewritten as
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where 
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is a constant ensuring that 
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and 
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Inserting Equation 3 – Equation 5 into Equation 2 and simplifying gives
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In a similar manner one can express the power received from antenna 2 as
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Using the fact that 
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 Equation (7) can be rewritten as
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which can be simplified into (using Equation 3 – Equation 5)
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This allows us to write the power imbalance 
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2.2 Numerical computation of antenna imbalance

When computing the numeric antenna imbalance we rely on the methodology used in [2] and for each 
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j

 we generate a total of 10,000 realizations. For each realization we perform the following steps:

1. Generate an incident power distribution. We refer to this as 
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. Note that we throughout these simulations focus on the horizontal plane, i.e. 
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 degrees. The azimuth angles 
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 at the UE is described by a truncated Laplace distribution with an angular spread 
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 and expectation 
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. For each realization we generate a total of 
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 independent and identically distributed random variables. Note that 
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 are used for both antennas when computing the antenna imbalance for a particular realization. 

2. For each antenna compute the power received at the receiving antenna. This is performed as 
[image: image38.wmf]å

=

=

N

n

n

n

i

n

i

E

w

P

1

2

)

,

(

j

q

r

where 
[image: image39.wmf])

,

(

j

q

i

E

r

 is the far-field gain pattern for antenna i=1,2. 
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denotes the number of rays associated with the channel, 
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 denotes the relative power associated with the 
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3. Compute the antenna imbalance for the realization. In linear scale this is given as P1/P2.

The antenna imbalance is then achieved by taking average over all realizations.

3 Numerical results

Figure 2 presents the power imbalance between antenna 1 and antenna 2 for a scenario where b=30 degrees. In addition to the analytic results presented in section 2.1 we have also included numerical results for the cases where there are 20, 200 and 2000 outgoing rays. The numerical results have been obtained using the methodology described section 2.2.  From Figure 3 we can observe that the numeric and theoretic values approach each other as the number of rays increase.
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Figure 2: Antenna imbalance in linear scale as a function of the angle of departure. For the shown scenario we have assumed that b=30 degrees.
Figure 3 illustrates the short-term antenna imbalance as a function of the angle of departure and the value b (in dB). Note that these are based on the analytical expression. From the figure one can observe that the antenna imbalance varies periodically with the angle of departure 
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 and that it decays rapidly with the variable b describing the angular spread.
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Figure 3: Antenna imbalance (in dB) as a function of the AoD and the variable b (associated with the Laplace distribution). 
4 Conclusion

This contribution derived the antenna imbalance for a reference case where two perpendicular dipoles are used as transmit antennas. The analytic results were compared with the results obtained with the methodology used in [2] (where we evaluate devices with measured realistic antennas). Based on the evaluation presented above we conclude that our used methodology and the theoretical analysis show good alignment.
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