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1 Introduction
At RAN1#59 several companies had analyzed how the short and long-term antenna imbalance should be modeled (see e.g. [1]-[2]). During the RAN1 meeting it was agreed that the short-term antenna imbalance should be modeled by a zero-mean Gaussian random variable. In the email discussions following RAN1#59 it was decided to use =2.25 dB as a working assumption. 
This contribution evaluates the antenna imbalance for devices equipped with multiple antennas. The evaluation assumes that the far-field gain patterns for the antennas are known. These have been measured in anechoic chambers for several different devices (phones and notebooks) equipped with two transmit antennas. Throughout the analysis we rely on the methodology described in [3] and the numerical antenna imbalances are fitted to a Gaussian model.
2 Methodology
We assume that the far-field gain patterns for the antennas are known. These have been measured in anechoic chambers for several different devices (phones and notebooks) equipped with two transmit antennas. The devices consists of both prototypes and mock-ups taking form factors into consideration. The far-field antenna gain pattern for a few antennas is illustrated in Figure 1.
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Figure 1: Illustration of the far-field antenna gain pattern for a few of the evaluated devices.
To obtain the statistics we have for each device studied a total of 500,000 realizations. For each realization we perform the following steps (note that this method is also described in [3]):

1. Generate an incident power distribution. We refer to this as 
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 and the directions are described by 
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. Throughout the simulations we focus on the horizontal plane, i.e. 
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 degrees. We have evaluated several different values. However, since the results for the different values are similar to those achieved with 
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 degrees we do not include these. The azimuth angle 
[image: image6.wmf]n

j

 at the UE is described by a truncated Laplace distribution with an angular spread AS and expectation 
[image: image7.wmf]j

where 
[image: image8.wmf](

)

p

j

2

,

0

U

Î

. A separate value of 
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 is generated in each realization. Also 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 
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where 
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 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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:th ray, and we highlight that 
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3. Compute the antenna imbalance for the realization. In linear scale this is given as P1/P2.

The procedure described above is performed for each realization of the device. Together the realizations can be used to create an empirical distribution of the antenna imbalance associated with the particular device. Let x=P1/P2 and femp(x) denote the empirical distribution. The empirical distribution is then matched against the single-Gaussian model. Figure 2 presents the empirical and the single-Gaussian model associated with the devices for which a gain pattern were presented in Figure 1.
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Figure 2: PDF of the antenna imbalance for a few devices for a case where the angular spread is 30 degrees. In the figures the blue solid line represents the empiric PDF and the red dashed line corresponds to the single-Gaussian model.
3 Results
This section presents the results of the antenna imbalance associated with the studied antennas. In the evaluation we consider three different angular spreads; ASϵ{30, 50, 70} degrees. These angular spreads represent NLOS propagation conditions with a varying degree of scattering in the channel. Note also that we in the simulations have assumed that there are N=20 rays of equal power (i.e., 
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). This setting is similar to one where the SCM model is used and where the powers associated with all of the clusters except the strongest one can be neglected.
3.1 Results measured for the studied UEs 

Table 1 summarizes the standard deviation associated with the single Gaussian model. It can be observed that the average standard deviation varies from 1.37-2.17 dB as the angular spread decreases from 70 to 30 degrees. 
Table 1: Estimated standard deviation associated with the single-Gaussian model.

	Terminal
	Estimated standard deviation

	
	AS=30
	AS=50
	AS=70

	1
	1.2197
	0.8532
	0.7220

	2
	1.4792
	1.0638
	0.8383

	3
	1.0917
	0.8978
	0.7500

	4
	0.5872
	0.4781
	0.4000

	5
	2.4178
	1.8624
	1.4960

	6
	3.5093
	2.6291
	2.0556

	7
	1.8069
	1.2505
	0.9627

	8
	2.2702
	1.8511
	1.5573

	9
	2.2736
	1.8285
	1.5290

	10
	4.0772
	3.2101
	2.6134

	11
	1.7499
	1.3487
	1.0799

	12
	2.7153
	2.1954
	1.8275

	13
	3.0059
	2.3976
	1.9936

	Mean
	2.1695
	1.6820
	1.3712


3.2 Results aggregated over all UEs 

Figure 3 presents the empirical aggregated PDF (taken over all UEs) as well as the fitted normal distribution. Table 2 summarizes the corresponding mean and standard deviation for the fitted Gaussian distribution. 
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Figure 3: Aggregated PDF (over all devices) for different angular spreads.
Table 2: Summary of the statistics related to the aggregated distributions of the antenna imbalances.

	AS
	
	AS

	30
	1.6403
	3.0430

	50
	1.6448
	2.7098

	70
	1.6361
	2.4915


4 Conclusion

This contribution have evaluated the antenna imbalances for several different devices (phones and notebooks) equipped with two transmit antennas. Based on the observed results it is proposed that RAN1 agrees on the utilizing =2.25 dB.
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