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Background
In NR AH Meeting #2 in Qingdao antenna arrangement and power class and was discussed [1], [2], [3], [4], [5], [6], [7], [8], [9], [10] and [11]. A way forward on UE power class was approved in [12]:
In this contribution the number of antennas for mmWave 28 GHz band will be discussed looking at the UL as example.  
Simulation setup
Comparison between one, two, three or four antennas arrays in a switched diversity manner has been made. Each antenna is an edge mounted single polarized 4x1 linear array. The antennas are placed one on each edge of the smartphone form factor according to Figure 1. All antenna elements are dipole antennas. TRP = 21dBm is used in the simulation.
Each array is assumed to have 5 discrete possible beam settings (lookup-table phase shifter implementation). Thus there are 5, 10, 15 or 20 possible beam directions in respective simulation. The simulation is done in free space. Perfect polarization match is assumed between base station and UE antennas.
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[bookmark: _Ref481504624][bookmark: _Ref490034601]Figure 1. Antennas arrangement: four linear 4x1 dipole arrays in a smartphone form factor.

Result
Scan pattern
Total scan pattern is shown in Figure 2. a) All four arrays used 20 beams in total. b) Three arrays used 15 beams in total. c) Two arrays used 10 beams in total. d) Only one array used 5 beams in total.  [image: ]
[bookmark: _Ref481593092]Figure 2. EIRP total scan pattern for patch antenna arrays. 
EIRP
The cumulative distribution function (CDF) for the four different antenna configurations is shown in Figure 4, using 21dBm TRP which correspond to 23dBm conducted power assuming 2dB additional losses (feeder, plastic housing etc.). 
CDF 90% and 20% percentiles are shown in Table 1.
[image: ]Boresight region

Figure 3. EIRP (CDF) for a) four, b) three, c) two and d) one linear 4x1 dipole array.

	CDF percentile
	a) Array 1,2,3,4
	b) Array 1,2,3
	c) Array 1,2
	d) Array 1

	90 %
	29 dBm
	29 dBm
	29 dBm
	29 dBm

	20 %
	27 dBm
	26 dBm
	21 dBm
	16 dBm


[bookmark: _Ref490048990]Table 1.  CDF 90 % and 20% percentiles for a) Array 1,2,3,4, b) Array 1,2,3, c) Array 1,2 and d) Array 1

The CDF value for the 90% percentile value shows the performance in reference bore sight direction. It shows the same value regardless of number antenna arrays (given the switched diversity antenna allocation). This point represent peak performance and is needed in the output power specification.
Observation 1: The 90% percentile value is the same regardless of the number of antenna arrays when using a switched diversity manner.
The CDF value for the 20% percentile point will show performance closer to omnidirectional coverage. As expected one or two antenna arrays are not enough to get an acceptable spatial coverage. However, the difference between three or four antenna arrays is not large enough to motivate the extra design constraints in a smartphone (handheld) form-factor.
Observation 2: Four antenna arrays do not give significant advantage over three antenna arrays.
 
Conclusion
The number of antenna arrays have been studied for smartphone form-factor for the mmWave 28GHz band. The following observations are made:
Observation 1: The 90% percentile value is the same regardless of the number of antenna arrays when using a switched diversity manner.
Observation 2: Four antenna arrays do not give significant advantage over three antenna arrays.
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