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1. Introduction

In order to better model cell-isolation, in turn enabling more accurate evaluations of functions related to controlling and combining signals from multiple cells, a simple model of the vertical base station antenna diagram has been introduced for LTE-Advanced evaluations ‎[1]. 

ITU has recently modified the antenna model for IMT-Advanced evaluations to include a maximum attenuation over both vertical and horizontal diagrams ‎[2]. A similar proposal was made at the last RAN1 meeting ‎[3]. 

This paper presents arguments for that the agreed 3GPP model is more realistic and that both well planned and less well planned networks can be modeled using an appropriate antenna downtilt. It is concluded that there is no antenna downtilt angle that can make the ITU-model to capture the properties of well planned networks. It is therefore proposed to keep this model unchanged. 
2. 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 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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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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 = 70 degrees,  Am = 25 dB 

	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. 
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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 coordinated.  
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 feeder losses of 4dB, the antenna gain alone is 18dBi. A maximum attenuation of 20dB would mean that the antenna gain, in any direction, never is below -2dBi. 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). As is seen in the next section, 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].  

3. Cell Isolation and Geometry in Real Networks and Default Tilts
In order to verify that the 3GPP model indeed does model cell isolation properly, geometry and cell-isolation results achievable with simulations in 3GPP case 1 using this model have been compared with data from both cell planning tools, containing detailed elevation and land-use maps, as well as measured data from real networks. For further information, see ‎[5]. 

Figure 2 illustrates the soft handover statistics from 25 different networks. The statistics is presented in terms of the average soft handover factor, which is the average number of additional radio links, i.e. in addition to the one obvious radio link. Note that the overlap between cells is very different in the different networks, ranging from very well-planned networks, to networks with extensive overlap and consequently extensive inter-cell interference. In order to model networks where tuning efforts are spent, it is important to consider a vertical antenna gain component. 
The four best planned networks with respect to average soft handover factor match well with the simulations using the 3GPP-model and 10 degree tilt, and with the ITU-model with 18 degree tilt, see ‎Figure 2. In the simulations, a link with at least CPICH Ec/Io -16 dB is considered active, and only mobiles with at least one link are included in the statistics. Note that this is the overall network figures and most of the networks consist of thousands of cells. It can be expected that cell overlap optimization has been done for only some parts of each network, such as in high load densely planned areas. As an example, within the network in major city B, with the highest average soft handover factor of the two, there are several hundreds of cells with a soft handover factor below 0.2. It is possible to obtain lower SHO factors with the 3GPP-model by apply more aggressive tilting, while the ITU-model is unable to give lower SHO factors than 0.35.
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Figure 2. SHO factors of real networks. Left: Average SHO factors for 25 different networks. Right: SHO factor distribution of major city B.
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Figure 3. Downlink geometry distributions based on deployment in two different cities, and hexagonal deployment using antenna models. The left figure illustrates the geometry distributions considering the entire service areas of the realistic deployments, while the right figure provides the geometry distributions considering the service areas of the cells with the 10 % best average geometry.

The soft handover statistics describe the impact from the antenna pattern on the cell overlap, but it does not capture the full impact on the inter-cell interference. Therefore, two network deployments in major cities A and B have been modeled with care in a cell planning tool. The modeling includes the exact site locations, antenna orientations, antenna patterns per individual antenna, and tuned path gain propagation based on terrain and elevation information. The downlink geometry, defined as the received power from the serving cell divided by the received power from other cells plus thermal noise, is well correlated to downlink performance. It is gathered from static simulations of the two network models with all cells operating at max power. The distributions are either based on all cells, or on the cells with the 10% best average downlink geometry. The latter represents the regions of the network with the best cell isolation.  
System simulations based on the deployment and propagation give comparable downlink geometry distributions, and ‎‎Figure 3 illustrates the comparison. Clearly, the 3GPP-model can model realistic deployments with an adequate tilt. On the contrary, the ITU-model is unable to model the areas with very good downlink geometries. In fact geometries above 17 dB cannot be represented. This means that the merits of features that primarily show benefits at high geometries cannot be assessed with the ITU-model. 

Figure 4 further illustrates the abilities of the models to represent realistic networks for different antenna downtilts, which is the common free parameter of the two models. This further emphasize that the ITU-model is not able to represent networks with rather good cell isolation. Furthermore, due to the high minimum gain in all directions of the ITU-model, the downlink interference situation with the ITU-model causes CPICH coverage problems in some parts of the area  for all tilts. This is not observed with the 3GPP-model.
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Figure 4. Model comparison for different antenna downtilts. Left: SHO factor, Middle: 95-percentile geometry, Right: CPICH coverage probability.
4. Conclusion and Proposal

The agreed antenna model in 36.814 better models real network performance than the ITU model. It is therefore proposed to keep the agreed model unchanged. For clarification it is also proposed to add the below text.

4.1. Text proposal

Table A.2.1.1-3 in 36.814
	Parameter
	Assumption

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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-180 < ( ≤ 180,
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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. 

	Combined antenna pattern 
(Note that this is an equivalent antenna model including effects of angular spread)
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