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1 Introduction
During RAN1 #55 meeting and the subsequent email discussions, the open issues on antenna patterns for LTE-A evaluation have been discussed. These include:
· The front-to-back ratio of the horizontal antenna pattern for 3GPP Cases 1 & 3 
· The combined horizontal and vertical antenna patterns 
· Values of down tilt used for vertical antenna pattern
This contribution discusses the first two open issues and proposes a way forward to close the issues. 
2 Antenna patterns

The horizontal antenna pattern that has been widely used in the evaluation of various 3rd generation technologies and their evolutions is shown as follows. Horizontal antenna gain (A) at direction  from the center of the beam is given by:
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, 3dB = 70o is the 3-dB beam width, Am = 20 dB is the maximum attenuation. 
This is the same horizontal antenna pattern as defined in IMT.EVAL for the evaluation of IMT-Advanced radio interface technologies [1]. 

However, in the current simulation assumptions [2] for LTE-A evaluation scenarios: 3GPP case 1 & 3, the maximum attenuation, i.e., front-to-back ratio, of the horizontal antenna pattern, Am is set to 25 dB. It is claimed that the value of this parameter is closer to the measured characteristics of a practical antenna in the field [3].
One of the major concerns in the increase of the parameter by 5 dB will cause the simulation results on LTE-A technology to be significantly better than LTE Release-8 simply because of the difference in assumptions, render it impossible to compare the performance of the new proposal with the existing LTE performance data. 
On the other hand, a new vertical antenna pattern has also been defined for technology evaluation in IMT.EVAL and for LTE-A evaluation. The combination of horizontal and vertical antenna patterns, although not explicitly defined for LTE-A evaluation, will also cause the simulation results not to be comparable with existing LTE Release-8 performance data. From this perspective, the evaluation of 3GPP case 1 and 3 scenarios can be considered with lower priority with respect to the submission of LTE-A as an IMT-Advanced proposal to ITU-R. 
Regarding the combined horizontal and vertical antenna patterns, a direct summation of unity weighting has been proposed in [3] and [4]. It is also noted from [3] that the unity weighting is chosen for simplicity, while other weighting factors are required to model the combined antenna pattern more accurately. Considering a weighting factor of  (≤ 1) for horizontal antenna pattern, the combined antenna pattern Ac can be expressed as: 
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Thus, the overall maximum attenuation in practice should be less than the direct summation with unit weighting factor for both horizontal and vertical antenna patterns. Note also that the combined antenna pattern equals to the horizontal antenna pattern when  = 1 in the above expression.
For LTE-A evaluation, we may consider setting  = 0.5 when the vertical antenna pattern is used. Alternatively, the expression for combining the horizontal and vertical antenna patterns with a limit on the maximum combined attenuation can be used to limit the maximum attenuation, and for consistency with IMT.EVAL:  
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3 Text proposal for TR 36.814
Include the following statement to the bottom of Table 2.1.1-2 in TR 36.814 v0.2.0 to close the open issue on the combined antenna patterns for 3GPP case 1 and 3 evaluation scenarios:

“The horizontal and vertical antenna patterns are combined using the following expression:
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where  = 0.5 when vertical antenna pattern is used,  = 1 when horizontal antenna pattern only is used. 
4 Conclusion
For the evaluation of LTE-Advanced technologies, it is necessary to follow the IMT.EVAL for the final submission of LTE-Advanced as an IMT-Advanced proposal. 

For the purpose of deciding if a proposed feature for LTE-A is worthwhile with respect to the amount of improvement on the LTE Release 8 technology, it would be necessary to compare with LTE Release 8 performance. In case the simulation assumptions are changed significantly, the proponents of the new feature would have to re-simulate the performance of Release 8 based on the new simulation assumption for comparison. 

It is inevitable that with the advancement in antenna technology, the conventional model used for the evaluation of 3G technology could be outdated. Thus, new models based on realistic antenna characteristics should be considered. 
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