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1. Introduction

In the last RAN4 AH NR #2 meeting, UE power class requirements were discussed and agreed the WF[1] as below,
· UE power class is based on EIRP
· Maximum allowed TRP can be specified in 38.101
· FFS : whether maximum allowed TRP is applied to all the power class or not.
· Maximum output power requirement definition
· The distribution of EIRP is collected into a CDF
· Define an EIRP mask corresponding to a number of percentile points on the CDF
Hence, in this paper, we provide our detail FE parameters and reference 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
	LG Electronics

	Antenna array number
	 
	4

	Single element gain (w/RF line loss)
	dBi
	2.5 to 5.0

	Gain variation with frequency
	dB
	1.5

	Array implementation loss
	dB
	-

	Effective BF gain
	dB
	4.0 ~6.0

	Single element TRP
	dBm
	-

	Max conducted power
	dBm
	17.0

	Dual polarization gain
	dB
	2.2 to 3.0

	UE implementation loss (UE cover loss)
	dB
	-2.0

	Pout EIRP total
	dBm
	23.7 to 29.0


The expected EIRP level is calculated as below considering 4 transmitter antenna and 5dBi Ant. element gain and dual polarization.

· Max EIRP = max conducted power + max array gain + max antenna element gain + polarization gain + implementation margin = 17 + 6 + 5 + 3 = 31 dBm.

However, the metal cover of UE will be expected some critical loss in mmWave frequency ranges. So we added the metal cover loss as 2dB to derive NR UE power class. Then final UE maximum output power will be estimated from 23.7 to 29.0 dBm in mmWave. The gain variation with frequency will be applied as tolerance at the edge of operating band.
The UE cover loss was measured as below test system.
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Figure1: Material Transmittance Test System to measure the UE cover (Metal) loss
Table 2: Material transmittance test results for mmW UE cover
	VNA Output
	Horn ANT
	Path loss
(@40cm)
	Handset cover
	Horn ANT
	VNA input
(S21)

	0 dBm
	22 dBi
	- 53.4
	W/o Cover
	22 dBi
	-9.4 dB

	0 dBm
	22 dBi
	- 53.4
	W/ Cover
	22 dBi
	-11.4 dB


Based on above test system and results, we can assumed 2dB loss for the UE cover at mmWave frequency range.

Also we can see the CDF curve for the peak of EIRP on all angles of mmW NR UE as shown in Figure2.
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Figure 2 CDF of peak EIRP performance of UE over all angles.
The 70% EIRP is 27dBm in the CDF curve for mmW NR UE as shown in Figure2.
Based on our analysis we propose to define multiple power class as shown in Table 3 considering above implementation factors to derive UE power class.

Table 3. Power class for NR UE in mmWave

	NR Band
	Power class A
	Power class B

	
	EIRP
	Tolerance
	TRP
	Tolerance
	EIRP
	Tolerance
	TRP
	Tolerance

	X
	27 dBm
	[+3/-4]

dB
	20 dBm
	[+2] dB
	24 dBm
	[+3/-4]

dB
	17 dBm
	 [+2] dB


The Power class A is for dual polarization UE with 4Tx array antennas and Power class B is for single polarization UE with 4Tx array antennas. This NR UE power class can be achieved by different antenna configurations with different antenna performances.

Table 4. Additional maximum EIRP requirement for NR UE in mmWave

	NR Band
	Maximum EIRP (dBm) 

	X
	43 dBm


Table 4 show the maximum allowed EIRP requirements for NR new band X is 43 dBm for regulatory limitation.
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 3 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 3 is proposed and additional maximum EIPR requirements in Table 4 is proposed.
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