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1. Introduction
In HetNet studies, the 3D antenna pattern for macro base station has been used in some contributions. In the same setup, one would expect that some kind of 3D antenna pattern should be used for new nodes for consistence. In the current document specifying the system simulations for HetNet studies, i.e. 3GPP TR 36.814[3], omni-antennas for new nodes are assumed. In this contribution, a 3D antenna pattern for the new node omni-antennas is proposed. And it is recommended that a 3D antenna pattern for new nodes be used whenever a 3D antenna pattern for macro base stations is used.
2. 3D antenna pattern for new nodes
In 3GPP TR 36.814, the antenna gain including connector loss for new nodes is specified as 5 dBi. If the connector loss is 0 dB, then the antenna gain for new nodes is 5 dBi. If the connector loss is 2 dB, then the antenna gain for new nodes is 7 dBi.
From antenna theory [2], it can be seen that the vertical antenna bandwidth cannot be arbitrarily chosen once an antenna gain is specified. A formula found in [1] can be used to determine the beamwidth of a 5 dBi (or 7 dBi) omni-antenna:
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where HPBW is the Half-Power BandWidth in degrees.  From that formula, it is found a 5 dBi omni-antenna has a beamwidth of 37 degrees and a 7 dBi omni-antenna has a beamwidth of  22.5 dgrees.
The vertical beam pattern can be approximated by 
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where 
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 is a parameter to fit the specified HPBW and a smallest antenna gain (say -20 dBi). And 
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 can be found through:
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3. Antenna gain difference between 2D and 3D antenna pattern
We simulate the antenna gain difference between 2D and 3D pattern with the following assumption:
1. The height of the new node is 10 m.

2. UEs are uniformly dropped in a 40 m radius around the new node

3. The minimum distance between a UE and a new node is 10 m.

For the simulation, we use the antenna patterns obtained through finding 
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and limiting the smallest antenna gain to -20 dBi according to the specified antenna gain (5 dBi or 7 dBi). We also use a measured antenna pattern for an antenna at 5 dBi  from Andrew (DB583_ST_00DT_0835, Andrew).
The result is shown in figure 1. It can be seen that with the measured antenna pattern, there is a 10% probability that 2D pattern and 3D pattern has a difference in antenna gain larger than 7.5 dB. In the case where a UE is dropped 10 m away from the new node, the difference is more than 20 dB. 
We also include two antenna patterns from Kathrein for reference. One is for a 5 dBi omni-antenna, another is for 8 dBi omni-antenna, which should bear some similarity with the antenna pattern of a 7 dBi omni-antenna. Hence it is even more important to consider the 3D pattern if one uses a 7 dBi omni-antenna. 
4. Conclusion
It is recommended that a 3D antenna pattern for new node omni-antennas in HetNet study be defined in the evaluation methodology document.
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                                                                           Figure 1
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                               Figure 2, Kathrein Type K 75 15 64 1 (5 dBi)
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                                Figure 3, Kathrein Type 736 350 (8 dBi)
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