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1 Introduction
[bookmark: _GoBack]In the RAN#71 meeting a new study item on New Radio (NR) Access Technology was approved [1]. The main objective of the study item is to develop and evaluate the technologies for the NR system to support a broad range of the use cases including enhanced mobile broadband, massive MTC, and URLLC. It is also expected, that NR should be designed to operate in the wide frequency range, including the bands above 6GHz (e.g. 30 GHz). While the existing antenna models for TRP and UE [2] can be reused for the low frequency bands, the new antenna modelling framework would be required for the high frequency bands. In such frequency bands the adaptive antenna arrays will be used not only at the TRP, but also the UE side, and, therefore, should be considered for NR evaluations. This contribution presents our views on the possible approaches for antenna subarray modelling at the UE side.
1. Discussion 
Antenna array modelling
Compared to the low frequency band, the path-loss of the channel in the high frequency band is much higher for the same transmission distance. Therefore, the beamforming techniques at both sides becomes essential to guarantee the reliable operation between TRP and UE. Fortunately, for the high frequency band a shorter wavelength allows much larger antenna array size for the same form factor.
The larger antenna array at the UE can be modelled in a similar way as TRP antenna array in FD-MIMO system. More specifically, depending on the UE class, the physical antennas of the UE can be aggregated from one or more antenna subarrays. At the same time, the physical antennas of one subarray, can be virtualized to the two TXRUs corresponding to the two polarization. To reduce the cost, the antenna virtualization should be made in the analog domain using analog phase shifters. The number of bits used for the phase quantization and the actual phase value should be defined as part of evaluations. 
Figure 1 shows the example of 4x4 antenna subarray with cross-polarized antenna and it’s possible aggregation to 8x8 antenna array using 4 subarrays. 


Figure 1: Subarray architecture for the UE antenna
Depending on the number of aggregated subarrays, the total transmit power of the UE may be different. This is different from the existing assumptions in the low frequency bands, where the fixed total transmit power at the UE is typically assumed regardless of the antenna number. Therefore, the possible scaling of the total transmit with number of aggregated subarrays should be considered in the NR evaluations.

Antenna elements radiation pattern
UE antenna in the low frequency bands is modelled using omni-directional antenna pattern in both vertical and the horizontal planes [2]. 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 2 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 could be asymmetric relative to the bore-sight of the antenna to provide 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 TRP is typically higher than the antenna height of the UE.
[image: ]
	Figure 2: 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 TRP antenna pattern [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 2. 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.
The example of the possible antenna pattern parameters is provided in Table 1 and can be considered as starting point for the following discussion.
Table 1: The example of possible antenna pattern radiation pattern
	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi



The directional antenna at the UE would require evaluation of the antenna orientation in the global coordinating system. The UE array orientation may follow the existing assumption defined in TR, i.e. 
	UE array orientation
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β= 90 degree, ΩUT,γ = 0 degree



Antenna array placement
Unlike TRP, the multiple directional antenna arrays at UE side have to cover the full field of view. In practice the filed of view may be less than 180° due to directivity of the antenna elements and impacts of the array substrate, reflector, and other objects on the electromagnetic wave fronts. Therefore, two directional phased arrays, pointing to the opposite directions, may be considered as one possible solutions to resolve this issue. Figure 3 illustrates one example of such antenna orientation that may be considered for the NR evaluations. 


[bookmark: _Ref444852575]Figure 3. Illustration of one UE with two phased arrays pointing to opposite directions
UE rotation modelling
With directional antenna and UE side beamforming, the UE rotation motion could potentially impact the beamforming performance. Unlike isotropic gain antennas in which the rotation motion has small impact on the received signal quality, the directional antennas and UE side beamforming can potentially impact the system performance. UE rotation modelling has firstly been pointed out by [3] in the above 6GHz channel model discussion. From channel modelling’s viewpoint, UE rotation can be simply modelled by change of the UE antenna array orientation over time. For capacity system level simulation, the UE rotation modelling can be considered as optional as modelling due to simulation complexity. However, for the beam tracking performance studies, UE rotation modelling is required as it is important aspect to be considered in the system design.
Summarizing the discussion above the following proposal can be made:
Proposals:
· For TRP and UE antenna modelling at the low frequency bands reuse the existing antenna models
· For UE antenna model at the high frequency band consider the following aspects
· Antenna subarray architecture with scalable number of the antenna subarrays
· Directional antenna element radiation pattern in both vertical and horizontal domains
· Possible placement of the antenna subarrays with boresight pointing to the opposite directions
· Random orientation of the antenna bore sight direction in the azimuth dimension
· UE rotation modelling at least for beam tracking simulations
1. Summary
In this contribution, we presented our views on the UE antenna array modelling for the high frequency bands. Based on the discussion the following proposals can be made:
· For UE antenna model at the high frequency band consider the following aspects
· Antenna subarray architecture with scalable number of the antenna subarrays
· Directional antenna element radiation pattern in both vertical and horizontal domains
· Possible placement of the antenna subarrays with boresight pointing to the opposite directions
· Random orientation of the antenna bore sight direction in the azimuth dimension
· UE rotation modelling at least for beam tracking simulations
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