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1. Introduction
In RAN4#84 Berlin a WF about mmW UE power class was agreed [1]. WF was to agree power class definition in next meeting and companies were encouraged to provide input to feasible values on listed items. This paper discusses power class definition and provides input to parameter used to derive values.   
2. Discussion

2.1. Parameters for output power

The WF included a list parameters which we will not copy here and discuss only for the relevant points.
Number antenna arrays is not needed for this analysis. If that is a parameter, then antenna types would need to be listed and there might not even be common terminology on antenna types. Also, measurement points is not relevant but belongs to the testability discussion. Number of different beam settings may have some relevance to the resolution of the CDF but this is highly implementation specific issue. Frequency variation is difficult to include in budget since almost all parameters have a frequency dependency but we prefer to report parameters assuming band edge performance instead. 
For 5 and 10 %-tile, this is related to the beamforming gain in PCMax discussion. Ran4 would need to understand power control assumptions better to understand if UE needs to report beamformed antenna gain or not. For most angles, this is possible but to cover all angles, especially the ones with lowest gain may be difficult. 

Regarding tolerances, if the value only has an upper or lower limit, tolerances are not needed, similarly e.g. such as emission requirements. Spurious emissions do not have lower tolerance but we have no strong opinion if e.g. max EIRP will include upper tolerance defined by FCC limit.    
Table 1 Budgets for output power values for mmW UE
	 
	 
	28 GHz
	39 GHz

	Pout PA
	dBm
	14
	12.5

	# of elements
	dB
	4
	4

	array gain
	dB
	6
	6

	element gain, min
	dB
	2.7
	4.4

	Polarization gain
	dB
	2.8
	2.8

	system gain/phase error
	dB
	0.3
	0.3

	Angle independent plastic loss
	dB
	1
	1.6

	TRP
	dBm
	24
	22.5

	EIRP Boresight
	dBm
	30.2
	29.8

	20 %-tile
	dBm
	22.4
	21.8

	50 %-tile
	dBm
	23.7
	23.0

	80 %-tile
	dBm
	24.9
	24.3

	90 %-tile
	dBm
	25.7
	25.1


In table 1, we present our input to the rest of the parameters. It should be noted that for TRP, we have assumed 3 dB polarization gain and reduced the amount of losses such as losses due to the voltage supply variations. This is because the limit is assumed to be upper limit not to be exceed in any conditions. What was not in the WF list is the system gain / phase error. This is an error in the phase and gain settings of the individual PA and phase shifters. This could be considered as beam pointing loss and we have stated earlier that this should be part of test system measurement uncertainty but recently we have learned that mismatch in PA gains and phase shifter accuracies may result in to degraded beam forming gain which can not be recovered by test system since this is internal to UE.

Polarization gain is not the same value what we use for receiver diversity gain. This is because test system is expected to cover any error in combining process but we still do not use 3 dB because there are UE internal couplings between two polarization transmitters that degrade the performance. 

All power levels assume usage of pulse shaped pi/2-BPSK with EVM requirement of 35 % and spectral flatness according to reference [2]. 
2.2. Power class definition and PCMax

WF also includes the notion of Power Class definition.  Power class describes UEs ability to close the UL and should be used in network design. In the case of beamformed UE, what is the correct one value is unclear. Any %-tile or max EIRP will not describe how the UE will perform in real environment so the network design must be aware of the UEs properties and its ability to do beamforming. Power Class definition is also relevant for PCMax. For PCMax, CDF %-tiles would be difficult to use since their description contains many UL beams and using one value in PCMax equations maybe difficult. It would make more sense to use max EIRP for PCMax because this would represent highest potential output power from the UE but then lower limit indicated by the formula would be lower because of lower beamforming gain. As of now, it seems RAN4 can handle PCMax problem in two ways, either allow for tolerance in RAN1 equations for PCMax or then include beamforming gain in PCMax equations. Latter then implies Ran4 would need to set lower limit for EIRP over any direction which is then makes CDF based %-tiles redundant or less of importance. Original purpose of CDF %-tiles was to recognize the difficulty of designing for all possible direction and minimum of maximum EIRP value would be very low.

It seems one way to define power class is using max EIRP and postpone further definitions until RAN1 power control work has progressed further. 

3. Conclusion
We discussed parameters for output power definition for mmW UE and power class definition. 
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