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1 Introduction
New study item on channel model for frequency spectrum above 6GHz has been approved in [1]. Discussions on channel model for above 6GHz frequency has started in the industry and academia for some time already. A white paper has been published in Globecom 2015 [2]. Compared to the low band, the path loss of the channel is much harsher for the same transmission distance in the high band. But the shorter wavelength also allows much larger antenna array size for the same form factor. With the help of larger antenna array, it becomes feasible to employ beamforming technology at the both ends of a link to overcome the large path loss. This contribution presents UE side antenna modelling for high frequency band which is similar to eNB side antenna modelling described in the low band channel model [3].
2 Antenna arrays at UE
Unlike eNB, the multiple directional antenna arrays at UE side have to cover the full field of view (FOV). Figure 1 illustrates one example of two directional phased arrays. We make ideal assumption that a phased antenna array has 180° FOV (±90° from the normal direction, which is the boresight with 0° phase shift). In practice the maximum FOV is less than 180° (e.g. 120°) due to impacts of the array substrate, reflector, and other objects on the electromagnetic wave fronts. 


[bookmark: _Ref444852575]Figure 1. Illustration of one UE with two phased arrays.
With the help of such antenna arrays at UE side, UE can perform beamforming using multiple antenna elements of the same array. So it is possible for UE to create two beams towards opposite directions.

3 Modelling of UE antenna arrays
UE antenna arrays can be modelled in a similar way as that of eNB antenna array [3]. Figure 2 illustrates one 2D cross-polarized antenna array and the effective UE beams when UE is equipped with two of such arrays and the bearing angles for two arrays are opposite. 


        
[bookmark: _Ref444863266]Figure 2. One 2D antenna array with N columns and M rows of cross polarized antennas and the possible UE beams
4 Antenna pattern modelling for the UE
According to 3D channel model assumptions [3], the UE antenna in the low frequency bands is modelled using omni-directional antenna pattern in both vertical and the horizontal planes. For the high frequency bands such antenna directivity assumption may not be valid and the more accurate modelling of the antenna pattern of the UE should be considered. More specifically, Figure 3 shows the example of the practical antenna radiation patterns of the UE in the azimuth and elevations domains. It can be seen that both azimuth and elevation patterns has directivity. Furthermore the antenna pattern in the elevation domain is asymmetric relative to the bore-sight of the antenna and provides the maximum gain to the direction above the horizon. Such design of the antenna radiation pattern may be beneficial in the actual deployment scenarios where the antenna height of the Node B is typically higher than the antenna height of the UE.
[image: ]
	Figure 3. UE antenna pattern and approximation using the existing model
For the modelling of the directional antenna pattern at the UE, some approximations may be considered. More specifically, for modelling of the UE antenna the existing antenna models of the eNB [3] may be reused. Such antenna model is parametrized by using max gain, horizontal/vertical half-power beam-width and a front back ratio parameters. The example of the antenna pattern approximation with the existing model is shown in Figure 3. It can be seen that the model provide reasonable accuracy for the main lobe of the antenna pattern, however, the modelling accuracy of the antenna pattern side-lobes can be further improved. 
5 Summary
In this contribution, we presented the UE antenna array modelling for high band. The proposed UE antenna modelling is very similar to what has been used in the past 3D MIMO studies for eNB antenna array. In order to have full FOV, multiple UE antenna arrays, e.g. 2, maybe equipped at UE side and each antenna array is only covering a part of FOV.
Proposal: Specify 2D UE antenna array for high band in TR 38.900 based on the 2D eNB antenna array defined in TR 36.873. The detailed parameters such as (N, M, P) and antenna element radiation pattern and orientation can be defined further.
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