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Introduction
The study item (SI) on test methods for new radio (NR) was agreed by RAN plenary in Dubrovnik, March 2017 [1]. Under the scope of the SI, RAN4 should define how to model propagation conditions between the DUT and the emulated gNB sources. The propagation conditions need to be specified for both RRM and UE demodulation tests.
In contrast to below 6 GHz LTE systems, millimeter-wave NR will employ much higher number of antenna elements in both base stations and UEs. This is done to mitigate the high path loss at high frequencies. Due to the sparse propagation channel and narrow beams of the antenna array, the link budget calculation becomes propagation-dependent, antenna-dependent and antenna-weight dependent.
The principle (the mathematical framework) of inclusion of antenna pattern was agreed in Nagoya [2]. This paper further discusses the impact of antenna pattern with and without antenna steering vector.
This contribution is a revision from [7] based on the feedback received during the Dubrovnik meeting.

Discussion
In millimeter-wave communications, both BS and UE may utilize antenna arrays with beamforming. It will potentially improve the link budget by 10 – 30 dB depending on the number of antenna elements. However, if the beams are steered towards wrong direction, the final result may be higher loss than higher gain compared to single antenna case. Whether the direction is right or wrong, it depends on propagation channel. Therefore, we cannot optimize antenna pattern without knowing the propagation conditions. 
The BS antenna pattern also affects the number of clusters at UE side by filtering the channel in angular domain. Narrow-beam pattern – even if it is steered towards the strongest clusters – will attenuate several other clusters. Since these clusters are connected to the clusters visible to the UE, many of them are attenuated while one or many are gained. This will lead to sparser channel. Fortunately, it will also lead to simpler OTA test setup since we can remove weak clusters from the test setup.
For the antenna beam pattern discussion we should distinguish between the passive and active array patterns (Figure 1). The antenna steering vector is used to adjust the weights of each antenna element. For simplicity, we assume ideal antennas and a single beam, and the weights can be simplified to phase shifters. It is used to steer the antenna beam towards the strong multipath components (or to cancel the interference). The composite antenna array radiation pattern is the superposition of element patterns each multiplied by the weight factor. The antenna weights affect antenna array radiation pattern significantly, thus it cannot be ignored. 
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[bookmark: _Ref494374088]Figure 1. Antenna arrays and propagation.
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Figure 2. Antenna arrays and propagation for UE OTA test.


The question is how to define the Tx antenna pattern in NR UE OTA testing. TR38.901 [3] defines the propagation channel parameters for different scenarios. It also offers the framework for inclusion of the antenna pattern (without antenna weights) [2]. TR38.803 provides antenna patterns, but no weights.
RAN1 has specified the following antenna model:
[image: ]
Figure 3. Antenna arrays and propagation for UE OTA test.

RAN4 discussed antenna array with V pol only and additional 3 dB gain for dual polarization [5], [6]. However, this is not suitable for OTA testing as such. OTA test method should be able to provide different polarizations as well as de-polarization effect.
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Figure 4. Single polarized antenna array used in RAN4 [5].


The number of elements is 256 at 30 GHz and 1024 at 70 GHz. 
We suggest following the RAN4 WF [6] and adapted to OTA as follows.
· Antenna pattern: One-sector, ([4 dBi] gain, half-power beamwidth (HPBW) = [900], Boresight direction is horizontal) 
· Baseline: Only one panel is assumed, (M,N) = (8,8). 
· (dV,dH) = (0.5, 0.5)λ.
· Polarizations should be treated separately, i.e. independently controlled (via different probe antennas or dual-polarized probes).
· One beam formed using all the antenna elements per-polarization.
· The beam is directed to the strongest cluster of a desired user.
· DFT (linear phase progression) based beamforming is assumed.

The DFT based beamforming is described below.
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where
	θ	is the elevation angle
	φ	is the azimuth angle
	AE	is the element pattern
	AA,Beami	is the array pattern for beam i
	dH	is the antenna element separation in horizontal domain
	dV	is the antenna element separation in vertical domain
	NV	is the number of antenna elements in vertical domain
	NH	is the number of antenna elements in horizontal domain
	wi,n,m	is the antenna weight for ith beam and element n,m


Proposal 1: Use the following antenna pattern of BS: [4] dBi gain, HPBW = [90°], boresight direction is horizontal.

Proposal 2: Use the following array setting:
· Baseline: Only one panel is assumed, (NV,NH) = (8,8). 
· (dV,dH) = (0.5, 0.5)λ.
· Polarizations should be treated separately, i.e. independently controlled (via different probe antennas or dual-polarized probes).
· One beam formed using all the antenna elements per-polarization.
· The beam is directed to the strongest cluster of a desired user within a predefined sector of [+/- 60° from the boresight in azimuth and elevation domains].
· DFT (linear phase progression) based beamforming is assumed.


Conclusion
This contribution discussed the importance of specifying the BS antenna pattern and antenna weights in UE demod and RRM testing. The following proposals were made.

Proposal 1: Use the following antenna pattern of BS: [4 dBi] gain, HPBW = [90°], boresight direction is horizontal.

Proposal 2: Use the following array setting:
· Baseline: Only one panel is assumed, (NV,NH) = (8,8). 
· (dV,dH) = (0.5, 0.5)λ.
· Polarizations should be treated separately (via different probe antennas).
· One beam formed using all the antenna elements per-polarization.
· The beam is directed to the strongest cluster of a desired user within a predefined sector of [+/- 60° from the boresight in azimuth and elevation domains].
· DFT (linear phase progression) based beamforming is assumed.
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the super position vector is given by:

Vom = exp(i B 2»’((}1 - 1)- dj,, B cos(a‘))+ (m-1)- dTE -sin(@) - siu(w))),
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the weighting is given by:
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