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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 EIRP values for mmWave 28 GHz band will be discussed in accordance with the WF [12]. The result is based on simulations presented in detail in [10] and [13].  
Antenna assumptions
Two different antenna systems have been studied, shown in Figure 1 and corresponding total scan pattern is shown in Figure 2:
1. Two 2x2 patch matrixes. One on front of smart phone and one on rear side. Total 8 elements.
2. Three 4x1 linear arrays. One on top and one each side of the side of the smartphone. Antenna elements are edge mounted single polarized dipole antennas. Total 12 elements.
Each array is assumed to have 5 discrete possible beam settings (lookup table phase shifter). Thus there are 10 possible beam directions for UE1 and 15 for UE2. Perfect polarization match between base station and UE antennas is assumed, i.e. the base station is assumed to have dual polarized receive antennas and thus possible to receive any polarization. Switched diversity is used between arrays. The studied antennas systems are summarized in Table 1.
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[bookmark: _Ref481504624]Figure 1. Two patch antenna arrays (UE1) and three linear dipole arrays (UE2)




[bookmark: _Ref490146866]Figure 2[image: ]. Total scan pattern for UE1 and UE2


	Parameter
	Unit
	UE1
	UE2

	Number of antenna elements in an array
	 
	4
	4

	Number of antenna arrays in the UE
	
	2
	3

	Single element gain
	dBi
	5
	3

	Gain variation with frequency
	dB
	2
	1

	Array implementation loss
	dB
	2
	2

	Effective BF gain
	dB
	5
	5

	Max total power (TRP)
	dBm
	21
	21

	Dual polarization gain
	dB
	N/A
	N/A

	Pout EIRP (bore sight)
	dBm
	29
	28


[bookmark: _Ref490130248]Table 1. Summary of the studied antenna systems in UE1 and UE2
Result
EIRP
The simulated cumulative distribution function (CDF) for the two antenna configurations is shown in Figure 3, using +21dBm TRP (e.g. 23dBm conducted power and 2dB feeder and plastic losses). 
[bookmark: _GoBack][image: ]
[bookmark: _Ref484778645][bookmark: _Ref481655897]Figure 3. EIRP for patch arrays (UE1) and dipole arrays (UE2). Simulated performance single array, switched diversity.

CDF percentile points for EIRP specification
It could be observed that the value for the 90% percentile in the CDF aligns well with the calculated value in Table 1 when no “Gain variation with frequency” is taken into account. Note that the simulation is done with just a single frequency. Frequency response for different antennas was presented in [14]. The 90% percentile is therefore suggested as the “bore sight” checkpoint.
Proposal 1: EIRP shall at least be specified for the 90% percentile point. 
A second CDF percentile point (10% - 20%) may be needed in order to secure the spatial coverage. The 20% percentile should be chosen over the 10% percentile point since 10% point will imply very high design challenge in a real implementation and will require longer test time which is studied further in [15]. Considering the challenge to test the lower percentile (20% or 10%) the need for specifying such a point shall be clearly motivated.
Proposal 2: If a second EIRP percentile shall be specified it shall be the 20% percentile point. 
For a wise choice of 90% percentile and a possible 20% percentile there is no need for specifying additional points. This is due to the relatively small delta between the 90% and the 20% percentile points compared with the extra test effort.
Proposal 3: EIRP shall not be specified for more than two percentile points.
Proposed EIRP values
Proposed EIRP values are listed in Table 2. It is recommended to account for different antenna implementations and therefore the most conservative value from the simulation (shown in Figure 2) is used. Note that it is compensated for “Gain variation with frequency” according to Table 1 

	EIRP (90%)
	28 dBm

	EIRP (20%) if needed
	21dBm


[bookmark: _Ref484788866]
[bookmark: _Ref490141005]Table 2. Proposal for EIRP specification for 28GHz band. 

Conclusion
EIRP have been studied for two different antenna configurations, patch arrays and linear dipole arrays, for the 28GHz band. Numbers of EIRP has been proposed. 
	EIRP (90%)
	28 dBm

	EIRP (20%) if needed
	21dBm


In addition the following proposals are made:
Proposal 1: EIRP shall at least be specified for the 90% percentile point. 
Proposal 2: If a second EIRP percentile shall be specified it shall be the 20% percentile point. 
Proposal 3: EIRP shall not be specified for more than two percentile points.
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