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1. Introduction 
The introduction of uniform planar arrays (UPAs) is regarded as one of the key technologies in full-dimensional (FD-MIMO) specified in TR 36.897 [1]. UPAs with multiple antenna elements allow flexible beamforming in both azimuth and elevation domains. However, UPAs as well as sectored UPAs have several demerits such as beam misalignments, reduced gain and wide beam width at the edges of each sector. This document therefore aims to compare the gain and beamforming aspects of different array configurations, namely the sectored UPA and the so-called stacked uniform circular array (SUCA). The circular antenna geometries are well known and widely used in channel sounding campaigns, e.g. [2]. However, their impact on 4G/5G communication systems has to be studied in order to achieve a flexible and dynamic coverage zone [3].
2. Antenna configurations
Figure 1 (left) shows the considered sectored uniform 2D planar array configuration with (M, N, P) = (8, 8, 1) per sector direction.  The antennas of the UPA of each sector are arranged in  columns with = 8 antennas per column [1], such that in total, there are 192 antenna elements per polarization for the sectored gNB. Figure 1 (right) shows the SUCA configuration using the same number of antenna elements than for the sectored UPA. Here, we assume a fixed sectorization of the SUCA, where each sector direction consists of 64 antenna elements per polarization.
In the following, the antennas of all sectors are considered jointly for the generation of the array responses. 
[image: ] [image: ]
Figure 1: Sectored uniform 2D planar array antenna (left) and sectored uniform circular array (right)

3. Simulation results 
Figure 2 shows the obtained SNRs per UE position obtained by a system level simulation. The antenna model specified in TR 36.873 [4] for the FD-MIMO evaluation study is used in both array configurations. The main lobe of the array antennas is oriented towards each sector main direction. For fair comparison, both cases assume the same amount of antenna elements per sector and a fixed sectorization of 120° each. The UEs are arranged on a circle around the sectored gNB array to visualize the single-user beamforming gains. Figure 2 (left) shows that the highest beamforming gains are obtained at the antenna broad side direction of each sector. However, it is also shown that the beamforming gain largely depends on the UE position, where the smallest beamforming gain is achieved for the UEs located near the sector edges. The difference can be in the range of more than 20 dB. 
Observation 1: The beamforming gain of a 2D UPA has its maximum at the broadside direction and gets smaller at the sector edges.
Figure 2 (right) shows the SNR distribution for a sectored SUCA at the gNB. We observe a beamforming gain variation of approx. 6 dB over the whole angular range which is significantly smaller than for the sectored UPA configuration. 
Observation 2: The beamforming gain variation of the sectored SUCA is significantly smaller than for the sectored UPA. 
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Figure 2: SNR results for sectored UPA (left) and sectored SUCA (right)
Figure 3 shows the CDF of both antenna geometries and highlights the huge coverage gains achieved by the SUCA over the UPA configuration even with a single-user beamforming technique. As a main result, the SUCA can provide a nearly uniform coverage in the azimuth domain.
[image: ]
Figure 3 – Comparison of SNR distributions of both UPA and SUCA geometries
As a consequence, we propose to study different antenna geometries for both macro and micro gNB deployments.
Proposal 1: Study different antenna geometries for both macro and micro gNB deployments.
Proposal 2: Study SUCA geometries in presence of multi-user and inter-sector interference as well as in different propagation conditions such as NLoS and urban-micro or indoor.
4. Conclusion
In this paper, we studied the impact of beamforming gains and coverage of two different antenna geometries at an urban-macro gNB.
Observation 1: The beamforming gain of a 2D UPA has its maximum at the broadside direction and gets smaller at the sector edges.
Observation 2: The beamforming gain variation of the sectored SUCA is significantly smaller than for the sectored UPA. 
Due to the aforementioned advantages compared to UPAs, SUCAs can be employed in scenarios where 360° coverage is required such as rooftops (depends on the scenario), lampposts etc. The deployment of SUCA will be highly useful especially in V2X scenarios.
Proposal 1: Study different antenna geometries for both macro and micro gNB deployments.
Proposal 2: Study SUCA geometries in presence of multi-user and inter-sector interference as well as in different propagation conditions such as NLoS and urban-micro or indoor.
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Table 1: Simulation settings
	Simulation parameters
	Values

	Channel model
	3GPP UMa LoS

	BS array antenna with 

	

Two different array geometries are considered:
· Sectored UPA (planar)
· Sectored SUCA (cylindrical)
 

	Antenna model
	Each element with HPBW 64° (azimuth, zenith)
Gain of 9.8 dBi

	Carrier frequency
	3.75 GHz

	UE antenna
	Isotropic antenna (one vertically polarized antenna element)

	SNR at the UE
	 

	Channel layout
	Single gNB with 3 sectors, no interference

	Cell radius
	250 m

	Base station height
	25 m

	Number of subbands considered
	1

	Number of UE positions
	100 uniformly dropped around the UPA/SUCA at same heights

	Transmit power, 
	46 dBm

	Beamforming
	Single-user SVD

	Monte-Carlo drops
	500
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M = 8, N = 8, P =1
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SNR Distribution
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