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1. Introduction

In the last RAN4 #84 meeting, UE power class requirements were discussed and agreed the WF[1] as below,
· To send an LS to ask if RAN1 assumes independent power control for beam and power changes due to beam changes
· To agree Power class definition in next meeting considering below candidates according to the possible RAN1 answer
· Peak EIRP over the sphere with minus tolerance
· EIRP at CDF percentiles with minus tolerance
· [5-20] %
· [50] %
· [80-90] %
· Maximum allowed EIRP such as 43, 55 dBm (FCC limits)
· Maximum allowed TRP will be discussed in the next meeting
· Interested companies shall provide input on feasible values for the above mentioned parameters to next meeting 
Hence, in this paper, we provide our detail FE parameters base on realistic RF architecture on the NR UE power class requirements for mmWave UE.
2. Detail description for NR UE power class
The power class for NR UE in mmWave are discussed and encouraged to propose the detail parameters of interested companies to define reasonable UE power class in mmWave. 
Table 1: RF parameters for mmW UE power class
	Parameter
	Unit
	frequency band (n257)

	antenna type
	　
	Dipole & patch

	Pout
	dBm
	17

	# of antenna in an array
	
	4

	# of arrays in the UE
	
	3

	# of measurement point
	
	360*180 = 648000

	array gain
	dB
	4.0 to 6.0

	element gain
	dB
	2.5 to 5

	diversity gain
	dB
	2.2 to 3

	Frequency Variation
	dB
	1.5 (only applied in the edge of operating band)

	Implementation margin
	dB
	3.0

	Case Losses
	dB
	2.0

	Max. TRP
	dBm
	20dBm for best UE
15dBm for worst UE

	TRP Tolerance (+)
	dB
	3

	20 %CDF
	dBm
	22 dBm

	50 %CDF
	dBm
	24.8 dBm

	90 %CDF
	dBm
	27.7 dBm

	Peak EIRP over the sphere
	dBm
	Best UE : 29dBm
Worst UE : 23.7dB

	EIRP Tolerance (-)
	dB
	[-3] dB


The expected peak EIRP level is calculated as below considering 4 transmitter antenna, RF parameters and Ant. performances as shown in Table 1.

· Max EIRP = Max. Conducted power + max array gain + max antenna element gain + diversity/polarization gain - implementation margin = 17 + 6 + 5 + (3 + 3) - 5 = 29 dBm.

Based on above test parameters and calculation, we can derive peak EIRP is 29dBm for the NE UE at mmWave frequency range.

Table 2. Power class for Peak EIRP at mmWave (n257)
	NR Band
	Power class A
	Power class B

	
	EIRP
	Tolerance
	TRP
	Tolerance
	EIRP
	Tolerance
	TRP
	Tolerance

	X
	29 dBm
	[-3] dB
	20 dBm
	[+3] dB
	24 dBm
	[-3] dB
	15 dBm
	 [+3] dB


The Power class A is for best UE with 4Tx array antennas and Power class B is for worst UE with same Ant. configuration but different RF performance. This NR UE power class also can be achieved by different antenna configurations with different antenna performances.

Also we can see the CDF curve for the EIRP on all angles of mmW NR UE as shown in Figure 2.
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Figure 2 CDF of peak EIRP performance of UE over all angles.
In figure 2, we can see the 50% EIRP is 24.8 dBm for power class A UE for mmW NR UE. 
Based on our CDF curve, we propose to define CDF based NR UE power class as shown in Table 3 considering above implementation factors to derive UE power class.

Table 3. Power class for CDF based test point at mmWave (n257)
	
	Power Class A
	Power class B

	
	Required EIRP
	Tolerance
	Required EIRP
	Tolerance

	EIRP (50%)
	25 dBm
	[-3] dB
	20 dBm
	[-3] dB

	EIRP (20%) if needed
	22 dBm
	[-3] dB
	17 dBm
	[-3] dB


The Table 4 show the maximum allowed EIRP requirements for NR new band X is 43 dBm for regulatory limitation.
Table 4. Additional maximum EIRP requirement for NR UE in mmWave

	NR Band
	Maximum EIRP (dBm) 

	n257/n258/n259/n260
	43 dBm


The 55 dBm maximum EIRP is applicable to the transportable station not mobile phone UE. So we propose the additional maximum EIRP level w/ 43 dBm should be defined for mmW NR smart phone type UE.
Finally, we recommend Power class table format as below Table 5.
Table 5. Power class definition format for NR UE in mmWave
	Operating band
	Power Class A

	
	Peak EIRP
	EIRP at 50 %tile
	EIRP at [20] %tile
	Maximum allowed TRP

	
	Nominal
	Tolerance
	Nominal
	*Tolerance
	Nominal
	*Tolerance
	Nominal
	*Tolerance

	26.5-29.5 GHz
	29 dBm
	[-3] dB
	25 dBm
	[-3] dB
	22 dBm
	[-3] dB
	20 dBm
	[+3] dB


Proposal 1: For the maximum output power of mmWave UE, RAN4 should define multiple power classes considering EIRP. The TRP with upper limit also could be specified to protect adjacent NR UE.
Proposal 2: Based on detail RF parameters, the NR UE power class as shown in Table 5 is proposed and additional maximum EIPR requirements in Table 4 is proposed.
3. Conclusions


In this contribution, we provide our views on how to define NR UE Power class for mmWave. Based on the analysis in session 2, we share our proposals as below
Proposal 1: For the maximum output power of mmWave UE, RAN4 should define multiple power classes considering EIRP. The TRP with upper limit also could be specified to protect adjacent NR UE.
Proposal 2: Based on detail RF parameters, the NR UE power class as shown in Table 5 is proposed and additional maximum EIPR requirements in Table 4 is proposed.
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