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Background
Power class has been discussed for many meetings now. In last meeting a way forward on UE power class was approved in [1]. During the discussions in RAN4 NR#3 in Nagoya it was proposed to separate requirements for spatial coverage from power class specification. The WF therefore distinguish between spherical coverage and power class. 
This contribution is based on simulations and reasoning in [2], [4] and [5] discussing the EIRP values for mmWave 28 GHz band in accordance with the WF [1].  
Antenna assumptions
Two different antenna systems have been studied, shown in Figure 1.
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 antenna systems are summarized in Table 1.
[image: ]
[bookmark: _Ref481504624]Figure 1. Two patch antenna arrays (UE1) and three linear dipole arrays (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
	1
	1

	Effective BF gain
	dB
	6
	6

	Max total power (TRP)
	dBm
	19
	19

	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 2, using +19dBm TRP. Note that the simulation is performed assuming perfect phase shifters without implementation loss and is done for a single frequency and thus no gain variation over the band is included. Antenna efficiency is, however, included (ohmic loss in the antenna).
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[bookmark: _Ref484778645][bookmark: _Ref481655897]Figure 2. EIRP for patch arrays (UE1) and dipole arrays (UE2). Simulated performance single array, switched diversity. TRP 19dBm and no IM or frequency dependence.

CDF percentile point for Power Class
[bookmark: _GoBack]It is clear that the power class point should reflect maximum value. It could be very difficult to find the peak value (100% CDF percentile) with a reasonable sampling grid. In case of choosing the 100% CDF point we propose to add some beam pointing margin. For a 4 element array this could be estimated to 1dB. In case of more elements in the array (e.g. 8 elements, which isn’t unrealistic for future UEs) the beam pointing loss could be more than 1dB.  From a verification point of view we believe the 90% percentile may be as wise choice.
Proposal 1: PC shall be specified at the 90% percentile point. 
CDF percentile point for Spherical coverage
A second CDF percentile point shall be specified in order to secure spherical coverage. Percentiles from 5%tile to 50% has been discussed. In [3] it was agreed:
· WF
· Different spatial coverage requirement (i.e., not necessarily the full sphere coverage) may apply to different UE types, this will be supported by requirements. 
· Priority for Rel-15 WI is handheld and full spherical performance

We believe the 50% percentile do not fulfill “full spherical performance” of rel-15 handheld UE. The 20% percentile point still doesn’t fulfil “full spherical performance” but is a compromise between spherical coverage and verification challenge and is already a stretch from a design challenge point of view. 
Proposal 2: Spherical coverage shall be specified at the 20% percentile point. 
Due to the relatively small delta between the 90% and the 20% percentile points compared with the extra test effort there is no need for specifying additional points
Proposal 3: Besides the PC definition, spherical coverage shall not be specified at more than one point.
Example of EIRP values
Example of 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. According to [1] minimum value without tolerance is to be specified and therefore the values are is compensated for “Gain variation with frequency” according to Table 1. Note that the exampled values in Table 2 are based on simplified models of the UE not including e.g. display or other components possibly influencing antenna performance. It is recommended to base the final specification on measurement result or a more thorough analysis including e.g. display and other components influencing antenna performance. Such results are unfortunately not yet available. 

	Power Class EIRP (90%)
	25 dBm

	Spherical coverage EIRP (20%)
	18 dBm


[bookmark: _Ref484788866]
[bookmark: _Ref494468226]Table 2. Example of EIRP specification for 28GHz band.

Conclusion
Power class and spherical coverage have been studied for two different antenna configurations, patch arrays and linear dipole arrays, for the 28GHz band. Example numbers for EIRP has been discussed. 
	Power Class EIRP (90%)
	25 dBm

	Spherical coverage EIRP (20%)
	18 dBm


In addition the following proposals are made:
Proposal 1: PC shall be specified at the 90% percentile point.
Proposal 2: Spherical coverage shall be specified at the 20% percentile point.
Proposal 3: Besides the PC definition, spherical coverage shall not be specified at more than one point.
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