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1. Introduction

Several agreements on the LTE-Advanced evaluation assumptions were made at RAN1#54bis as described in [1]. Among others, it was agreed to use a more realistic modelling of eNB antenna patterns, including both the horizontal and vertical pattern, as well as allow using downtilt of the eNB antenna. In order to be able to compare and calibrate results from different sources, default eNB antenna tilt values shall be included in the evaluation assumption description. However, for the final generation of LTE-Advanced performance results, companies are also allowed to use other eNB antenna tilt values as they see best, given the set of assumed features/algorithms in their simulation setup. If the used eNB antenna tilt value is different from the default, then it should be stated when presenting results. As there was no agreement on the default eNB antenna tilt values at RAN1#54bis, we here present a set of system level performance results in coherence with the assumptions in [1] as input to the discussions on which default tilt values to use. We basically present performance results for 3GPP Macro Case #1 and Case #3 environments in Section 2, followed by concluding remarks in Section 3.
2. Performance results for different eNB antenna tilts
A number of semi-static system simulations have been conducted for 3GPP macro case #1 and case #3, using the eNB antenna modeling assumptions agreed in [1]. Here the eNB antenna is assumed to be mounted at 32 meters elevation, while the UE antenna is assumed to be at 1.5 meter. All simulations are with full buffer traffic model, uniform distribution of UEs, and 10 MHz system bandwidth, assuming radio channel aware proportional fair frequency domain scheduling. Figure 1 and Figure 2 shows the cumulative distribution function (cdf) of the uplink received SINR for the scheduled users. Those results results are obtained using standardized open loop power control formula with the following parameter settings: a=0.8, Po=-58 dBm (Case #1), Po=-64 dBm (Case #3). The cdf of the experienced SINR is reported for antenna downtilts ranging from zero degrees (i.e. no downtilt) to 18 degrees. Given those results it appears that the optimal downtilt (from an uplink performance point of view) is on the order of 12 degrees and 4 degrees for case #1 and case #3, respectively. Hence, as expected more aggressive downtilt can be used in macro case #1 with lower inter-site-distance, as compared to case #3.  Additional details and results for the use of antenna tilt for improving the LTE uplink performance can be found in [2]-[3],
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Figure 1 Cumulative distribution function of uplink received SINR for macro case #1 for different antenna tilts.
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Figure 2 Cumulative distribution function of uplink received SINR for macro case #3 for different antenna tilts.

Similarly, downlink performance results for case #1 and case #3 are reported in Figure 3 and Figure 4, respectively. Here the wideband SINR cdf is plotted for various antenna tilts (dashed lines), and the curve corresponding to the optimal tilt is shown with a solid black line. For comparison, the SINR cdf for 2D antenna pattern (i.e. only modelling of horizontal beam-pattern) is shown with a solid green curve. Given those results it is observed that the optimal antenna tilt from a downlink performance point of view equals 15 and 7 degrees for macro case #1 and case #3, respectively. 
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Figure 3 Cumulative distribution function of downlink wideband SINR for macro case #1 for different tilts.

[image: image4.emf]-15 -10 -5 0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

case3 SINR cdf, 25dB front-to-back

 

 

downtilt sweep

reference case 2D

downtilt = 7°


Figure 4 Cumulative distribution function of downlink wideband SINR for macro case #3 for different tilts.
The reported results for both uplink and downlink show the importance of modeling the eNB 3D antenna pattern and using downtilt. This observation is in line with previous results in [2]-[4], where the effect of 3D antenna pattern and downtilt also is reported. 
3. Conclusion

In this contribution we have presented various results as a guideline for deciding the default eNB antenna downtilt angle for the LTE-Advanced evaluations. The results show that default antenna tilt on the order of 12-15 degrees is a reasonable setting for macro cell case #1 for optimizing both the uplink and downlink performance. For macro cell case #3, the optimal antenna tilt is in the range 4-7 degrees depending on whether the tilt is selected for optimizing the uplink or downlink performance. As a simple compromise, we therefore propose to use 6 degrees as the default setting for macro cell case #3. As also mentioned in the introduction, companies are allowed to use tilt values deviating from the default setting when submitting their LTE-Advanced results in order to fully optimize the performance, given the set of used features/algorithms. The default tilt values are mainly needed to have a common fix point for calibration purposes, making it easier to compare standard simulator output statistics from different sources.
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