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Introduction
Numerous RAN4 papers have explored the spatial aspects of AAS radiation patterns. Conclusions have been drawn regarding the impact of these aspects on the RF characteristics of AAS base stations, mainly suggesting that AAS BS are at some disadvantage compared to systems equipped with passive arrays.
Demonstrating an advantage or disadvantage requires a comparison in which both AAS and conventional BS are analyzed. However, no analysis of passive arrays has been presented for the AAS study item. This paper presents simulated coupling loss curves for a commercial antenna system and presents a comparison to previous papers on this topic.
Analysis

Radiation patterns of commercial antenna arrays are readily available from antenna vendors in electronic formats. The antenna pattern used for this paper is from a high-quality commercial antenna which has an on-beam gain of 18.2 dBi and a half-power beamwidth of 65 degrees (see Figure 1). It is straightforward to apply such a pattern to create an estimate of coupling loss for a given coverage area (See Figure 2). 
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Figure 1 Antenna pattern
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Figure 2 Analysis model

This analysis uses the urban and rural path loss models of TR 36.942 [1].
Urban model ([1], paragraph 4.5.2):
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where:

R is the base station-UE separation in kilometres

f is the carrier frequency in MHz

Dhb is the base station antenna height in metres, measured from the average rooftop level

Rural model ([1], paragraph 4.5.3):
L (R)=  69.55 +26.16log10(f)–13.82log10(Hb)+[44.9-6.55log10(Hb)]log(R)  – 4.78(Log10 (f))2+18.33 log10 (f) -40.94 

where:

R is the base station-UE separation in kilometres

f is the carrier frequency in MHz

Hb is the base station antenna height above ground in metres

For points along a straight line leading to the base station, an unfaded coupling loss is computed based on the path loss and the antenna pattern for each analysis point. The path loss is the maximum of the free-space propagation loss and the loss predicted by the propagation model. The results are plotted for ground distance between the antenna and the analysis point, but the distance used in the path loss calculations is the slant distance from the antenna to the analysis point, or

[image: image4.png]s = | Cmema) + ()




where

dground  is the distance variable used in the path loss formula;
hantenna is the antenna height; and 

dground  is the ground distance between the antenna and the measurement point.
The antenna gain is derived from the published antenna pattern based on the angle formed between the tilted antenna at the given height and the analysis point. The antenna pattern used in the analysis is the vertical antenna pattern, so the coupling loss results represent points along the bore sight of the antenna. Therefore, the results presented Figure 3 through Figure 8 represent the lowest possible coupling loss.
Coupling loss versus ground distance for tilt angles varying between 0 and 30 degrees is plotted in Figure 3 through Figure 8.
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Figure 3 Coupling loss, antenna height = 10m, urban propagation model
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Figure 4 Coupling loss, antenna height = 15m, urban propagation model
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Figure 5 Coupling loss, antenna height = 23m, urban propagation model
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Figure 6 Coupling loss, antenna height = 23m, rural propagation model
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Figure 7  Coupling loss, antenna height = 30m, urban propagation model
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Figure 8  Coupling loss, antenna height = 30m, rural propagation model
Discussion

The results demonstrate the dependence of antenna height, tilt angle and vertical radiation pattern on coupling loss. Such a dependence was also demonstrated in [2] for AAS. The claim is made in [2] that the variation in spatial selectivity justifies changing the RF blocking measurements for AAS systems. However, a similar variation in spatial selectivity loss is seen when a passive array is employed. It should be further noted that the antenna system described in [2] was an idealized active array with symmetric weighting. Actual AAS systems would be expected to employ a more optimized pattern.
A criticism of [3] was that receiver specifications (e.g., RX blocking) are not based on MCL, but rather on simulations that estimate the distribution of interference power at the victim receiver antenna connector. While this is true, it must be noted that the simulation methodology in [1] limits coupling loss to MCL values selected for the scenario of interest. MCLs of 67 and 70 dB are relevant to this study. However, it is clear from the results presented in this paper that it is quite likely that minimum coupling loss in real systems is less than the MCL assumptions in [1]. This is not due to any shortcoming of the antenna array used for the analysis. If a meaningful comparison between AAS and conventional base stations is to be made, then the MCL concept needs to be re-evaluated for both AAS and conventional systems, at least for the simulation assumptions.
Conclusions

Some claims about the spatial characteristics of AAS RF performance also apply to conventional base stations. Further consideration of the Minimum Coupling Loss (MCL) concept is needed for comparison of AAS and conventional base stations.
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