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[bookmark: _Ref503190937]Background
Two way forward on UE power class [1] and spherical coverage [2] were approved in last meeting. 
It has been concluded to refer to QPSK modulation in power class discussion.
Reference Power
mmWave output power is decided to be verified over the air. The design may be very integrated where PA, phase shifters, antenna switch and antenna are integrated in one module. There may be several PAs feeding each antenna element in the antenna array. External measurement of the conducted power from the PAs can therefore only be done in the development phase. Beam forming is the capability of the antenna system to direct the power to a certain direction. In order to compare different antenna arrangements, in our view, it is better to normalize to the total radiated power (TRP) than using conducted power. Even so, this normalized TRP need to be agreed. We have used 16 dBm for n257 and 13.5 dBm for n260. These values include “conducted” implementation margin such as e.g. feeder losses and calibration/production margin. We have left radome losses, also called plastic losses, outside the TRP in order to make the reasoning clearer.
Antenna assumptions
Two different antenna systems, shown in Figure 1, have been analysed.
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.
[bookmark: _GoBack]The studied antenna systems are summarized in Table 1. In this table single band antennas are assumed. In case of a dual band antenna implementation the array gain, especially in the lower band, may be lower due to increased mutual coupling between the antenna elements. Further discussions are needed how to handle this.
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[bookmark: _Ref481504624]Figure 1. Two patch antenna arrays (UE1) and three linear dipole arrays (UE2)

	Parameter
	Unit
	N257 (26.5 – 29.5 GHz)
	N260 (37 – 40 GHz)

	
	
	UE1
	UE2
	UE1
	UE2

	Number of antenna elements in an array
	 
	4
	4
	4
	4

	(Number of antenna arrays in the UE)
	
	2
	3
	2
	3

	Maximum array gain (ideal)
	dB
	6
	6
	6
	6

	Single element directivity
	dBi
	6
	4
	6
	4

	Array implementation loss and other (antenna system) implementation losses (single band antenna)
	dB
	1
	1
	1.2
	1.2

	Directivity variation with frequency
	dB
	2
	1
	1.5
	0.8

	Peak antenna gain over frequency
	dBi
	9
	8
	9.3
	8

	QPSK max total power (TRP) including feeder losses at center frequency
	dBm
	16

	16
	14.5
	14.5

	General loss due to casing (“plastic” loss)
	dB
	1
	1
	1.5
	1.5

	Pout EIRP (bore sight, single band antenna)
	dBm
	24
	23
	22.3
	21


[bookmark: _Ref490130248]Table 1. Summary of the studied antenna systems in UE1 and UE2, QPSK modulation assumed.

Peak EIRP and Power Class
Power class for mmWave (n257, n258 and n259) is defined as minimum value (without tolerance) for peak EIRP. I.E. a device that meets the minimum specified value for at least one beam from any sub-array will pass the test. The effect of plastic and glass for the best beam is estimated to maximum 1dB for 28GHz and 1.5dB for 39GHz [3]. In other words: at least one beam could be found that is degraded less than 1dB (1.5dB for 39GHz) due to the casing. The general casing loss will also affect the TRP.
Proposal 1. Implementation loss due to cover material for peak EIRP calculation should be 1dB for 28GHz band and 1.5dB for 39GHz band.

Given the assumptions made above the peak EIRP could be calculated to 23dBm for n257 and n258 and to 21dBm for n260.
	
	n257, n258
	n260

	Peak EIRP
	23 dBm
	21 dBm


[bookmark: _Ref484788866]
[bookmark: _Ref494468226]Table 2. Example of Peak EIRP specification.



Conclusion
Power class have been studied for different antenna configurations, patch arrays and linear dipole arrays, for the 28GHz and the 39GHz bands. Example numbers for peak EIRP has been discussed. 

In addition the following proposals are made:
Proposal 1: Implementation loss due to cover material for peak EIRP calculation should be 1dB for 28GHz band and 1.5dB for 39GHz band.
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