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1. Introduction – The Antenna Models
Recently two different antenna models for LTE-Advanced evaluations have been discussed, (i) the current model in TR36.814 [1], and (ii) the ITU model [2]. The models use similar parameterized antenna patterns for horizontal and vertical planes, but differ somewhat in the parameter values, and how the vertical and horizontal components are combined, giving rise to quite different network characteristics. More details about the models are presented in Appendix A. This paper presents arguments for that the current model in 36.814 should be kept.

2. Arguments for the Different Models
The main argument for the current model in TR36.814 is that it is more realistic than the ITU model. Evidence for this includes:

1) It has an antenna pattern, including beam widths and front-to-back ratios, resembling that of real antennas, see [4] 

2) The total radiated power matches the antenna gain and the antenna pattern (this is not the case for the ITU model), see Appendix B.
3) It is able to reproduce results, geometry and cell-isolation, of real networks, see [5]
The arguments raised for the ITU model, or against the current model, include

4) It is nice to have the same model as in ITU

5) With the ITU model the results are comparable to previous results for LTE rel-8

6) The current model is overly optimistic in terms of front-to-back ratios and side-lobe attenuation.
These arguments (4-6) are however easily disputed. Regarding argument 4, even with exactly the same antenna patterns, the results would be far from comparable. The ITU scenarios differ from 3GPP case 1 in numerous parameters. Not only in mobility and propagation models, but also in system models like antenna height. The models are further so similar so that the burden of implementing both is negligible. Aligning the antenna patterns is hence of very little value. 
With regard to comparison to old results for LTE release 8, this is not a valid argument for the ITU-model, as it also is different from the original horizontal-only model used for release 8 evaluations. Further, the latest 3GPP release 8 evaluations are from April 2007. Hence, any evaluation taking into account the latest 1,5 years progress of 3GPP would not be comparable to those. If relative comparisons to release 8 are of interest, the correct thing to do is to re-evaluate release 8 performance.
Finally, it is correct that an ‘effective’ antenna pattern, including effects of reflections in the vicinity of the base station antenna has a different pattern than the antenna itself. This effect is however already included in the current model. The beam widths are wider and the front-to-back ratios are lower than for an antenna only model with the same antenna gain [4]. With the assumed antenna height of 15m above roof tops, it appears very unlikely that reflections further affecting these parameters would appear with statistical significance.
3. Conclusion and Proposal
There are no reasons not to select a realistic antenna model. The current antenna model in 36.814 better models real network performance than the ITU model. It is therefore proposed to keep this model.
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A. The Antenna Models

The agreed model in 36.814 (‘3GPP-model’) is summarized in Table 1. In addition to this, it is assumed that the total antenna gain / attenuation in an arbitrary horizontal and vertical direction is given as the sum of the horizontal and vertical components, i.e.:
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where -90≤(≤90 and -180<(≤180. 
The ITU-model is similar, with the exceptions that the maximum attenuations (Am) are 20dB in both horizontal and vertical patterns, and that the combined antenna diagram is calculated as:
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The similar modification proposed in [3] is to use 
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where additionally 
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In essence, (2) and (3) introduce a joint maximum attenuation applied after combining the horizontal and vertical components. The effect of this is illustrated in Figure 1. It is seen that with the combined maximum attenuation, it is as expected not possible to get an attenuation larger than 20dB below the maximum antenna gain. Whereas the 3GPP model covers effects of being outside both the horizontal and vertical main lobes, this is not captured by the modified model. For example, being more than 90 azimuth degrees from the antenna main direction, it does not matter what the vertical angle is, the attenuation is the same. This together with the generally low maximum attenuation underestimates the cell isolation achievable with antenna down-tilting.

Additionally, assuming that the antenna gain of 14dBi in 3GPP includes a feeder loss of 3dB, the antenna gain alone is 17dBi. A maximum attenuation of 20dB would mean that the antenna gain, in any direction, never is below -3dBi. Furthermore, the maximum attenuation of 20dB means that the highest achievable downlink geometry with the ITU-model for three-sector sites is 17dB (a sector is interfered by the other two sectors with maximum attenuation 20dB each). Much greater downlink geometries can be observed in realistic networks.

Clearly, the antenna itself does not give rise to such low maximum attenuation levels. It may then be argued that this is due to the angular spread of the channel does, and that the model used is in fact an equivalent antenna model, including effects of angular spread. The latter is correct, but this is already taken into account by assuming wider beams in the model than what a real antenna with similar gain would have, see e.g. [4].  

It may be noted that in reality, the horizontal and vertical components are not completely separable. To investigate the impact of this assumption, a study has been made of the impact of pattern discontinuities resulting from combining vertical and horizontal patterns to get full-sphere patterns valid for all directions in space. Comparing calculated downlink geometry statistics for an exhaustive parameter sweep over "all" electrical and mechanical tilt angles, it can be concluded that the pattern discontinuities have insignificant impact on the geometry. The results are expected, since the discontinuities show up near the polar regions of the radiation patterns and thus affect a minute portion of the cell area.
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Figure 1. Spherical antenna diagrams for the 3GPP model (left) and the same model with a combined maximum attenuation of 20dB (right). Note that the maximum gain is set to a number larger than the maximum attenuation to avoid problems with plotting negative values in spherical coordinates.  

Table 1. Antenna model in 36.814 [1].

	Parameter
	Assumption

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= FFS degrees for 3GPP case 1 and 
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= FFS degrees for 3GPP case 3 may be used. 


B. Total Radiated Power

The integral of the power density (or radiation intensity) of a transmitting antenna over all directions in space should equal the power accepted by the antenna, since antennas radiate as much power as they are fed with (assuming no losses). Hence, the following relationship holds



[image: image15.wmf](

)

(

)

1

cos

,

4

/

,

=

×

òò

q

j

q

j

q

q

j

p

d

d

A

G


 LISTNUM equa \l 4 
where the maximum antenna gain G and peak-normalized radiation pattern function A are expressed as power quantities (and not in dB-scale) and the antenna is assumed lossless such that the gain G is equal to the antenna directivity. 

This can be utilized as a ‘sanity check’ of the proposed antenna models. Assuming G = 50 (17dB) and setting A((,() according to the different models, it turns out the current model in TR 36.814 has a total gain (radiated power, assuming unit input power) of 1.035, i.e. very close to 1.0. The ITU model on the other hand has a total gain of 1.4, i.e., the model does not fulfill the principle of conservation of energy. This is due to the maximum attenuation (Am=20dB) being too low for the gain in question. To get a total gain of 1.0 with this model, a maximum attenuation of 30dB is required.
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