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1. Introduction

In the last RAN4 #83 meeting, UE transmitter/receiver requirements were discussed and agreed the WF[3] as below,
· Both TRP and EIRP are considered for power class definition
· EIRP can be peak, boresight or %-tile or minimum value
· TRP can be max or min and max 
· Max allowed EIRP for all UEs is 43 dBm for regulatory reasons
· Companies are encouraged to provide input
· For discussed issues mentioned in previous slides and their relevance for power class definition
· Feasible UE output power values, both TRP and EIRP considering different implementations
· Understanding of co-existence study outcome and impact to power class definition
· Feasible definition and values for spherical coverage
· Definition and values for power class and other in channel output power requirements will be decided in RAN4-NR#2 in Qingdao based on input
Hence, in this paper, we provide our detail views on the NR UE power class requirements for mmWave UE.
2. Detail description for NR UE power class
The power class for NR UE was discussed and agreed WF [3] in last RAN4 meeting and encouraged to provide input for test metric of EIRP and TRP and the required levels. 
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 = 17 + 6 + 5 + 3 = 31 dBm.

Also we show the CDF curve to define mmW UE power class based on beam peak of EIRP in Figure 1. 
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Figure 1. CDF curve for mmW UE with 4 Tx ant.

Figure 2 show the radiated pattern according to the antenna configuration of patch antenna. From this figure, we can know that multiple antenna schemes (e.g. external antenna and multiple patch antennas) to cover full spherical range.
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Figure 2. Comparison of radiated pattern between 1Tx Ant. And 4Tx Ant. 

From the figure 1 and 2, our view on the power class for mmW UE is needed to define multiple power class with different EIRP level and TRP level as below in Table 1. The Power class A is for dual polarization UE and Power class B is for single polarization UE as example. Or the power can be achieved by different antenna configurations with different antenna performances.
Table 1. Power class for NR UE in mmWave

	NR Band
	Power class A
	Power class B

	
	EIRP
	Tolerance
	TRP
	Tolerance
	EIRP
	Tolerance
	TRP
	Tolerance

	X
	30 dBm
	( [3] dB
	20 dBm
	[+2/-3] dB
	27 dBm
	( [3] dB
	17 dBm
	 [+2/-3] dB

	Note 1: NR UE maximum EIRP shall be in the range of the EIRP_beam peak with tolerance
Note 2: NR UE maximum TRP shall be less than the TRP_upper limit with tolerance


Table 2. Additional maximum EIRP requirement for NR UE in mmWave

	NR Band
	Maximum EIRP (dBm) 

	X
	43 dBm


Table 2 show the maximum allowed EIRP requirements for NR new band X is 43 dBm for regulatory limitation.
Based on the analysis the power class of NR UE in mmWave, we propose as follow

Proposal 1: For the maximum output power of mmWave UE, RAN4 should define multiple power classes considering EIRP with beam peak and TRP with upper limit.
Proposal 2: For the maximum output power based on EIRP of other direction, the TRP requirements can covered the EIRP of other directions except beam peak.
Proposal 3: Based on simulation results, the NR UE power class as shown in Table 1 is proposed and additional maximum EIPR requirements in Table 2 is proposed.
3. MPR/A-MPR requirements
In NR UE RF requirements, RAN4 considered two candidates of multiple access schemes such as OFDMA and SC-FDMA schemes. To derive MPR and A-MPR for multiple access scheme in 5G NR WI, RAN4 firstly can define related RF requirements based on OFDMA method in both range 1 &2 as worst case scenarios to derive MPR and A-MPR. Since the required MPR and A-MPR levels of SC-FDMA method will be estimated lower than that of OFDMA method in range1&2. 
So we propose as below
Proposal 4: Define MPR/A-MPR based on OFDMA scheme in both range 1&2. LTE MPR requirement for SC-FDMA scheme will be reused in range1. 
Also, when we consider NSA UE with legacy LTE band and new NR band at 3.3~4.2GHz, then the harmonics/IMD problems will be impact to the both own new NR band and LTE band as shown in Table 3. Hence RAN4 need to study how to solve the harmonics/IMD problems. 

If, RAN4 agree not to impact to legacy LTE system, then RAN4 should be define A-MPR scheme to protect legacy LTE band by IMDs problem.

Proposal 5: For the NSA UE (LTE band + NR band in range1), the IMDs product by dual uplink transmission fall into the own both received bands. So RAN4 should study how to guarantee zero MSD in LTE licensed band. One of candidate approach is A-MPR to protect legacy LTE bands.
Table 3. Harmonics /IMDs impacts for 5G NSA UE in sub-6GHz

	LTE Band
	NR band (MHz)
	Comments for harmonics/IMD problems

	
	3300 – 4200
	

	E-UTRA band
	UL Range (MHz)
	Harm. Order
	Harmonic Range (MHz)
	

	B1
	1920-1980
	2x
	3840 – 3960
	1) Harmonics into NR

2) 2nd, 4th & 5th IMDs into B1 

3) 4th & 5th IMDs into NR

	B3
	1710 - 1785
	2x
	3420 - 3570
	1) Harmonics into NR

2) 2nd,4th & 5th IMDs into B3

3) 4th & 5th IMDs into NR

	B5
	824 -849
	4x
	3296 – 3396
	1) Harmonics into NR

2) 4th &5th IMDs into B5
3) 2nd & 5th IMDs into NR

	
	
	5x
	4120 - 4245
	

	B7
	2500 - 2570
	-
	N/A
	1) No Harmonics

2) 4th IMD into B7

3) 3rd & 4th IMDs into NR

	B8
	880 -915
	4x
	3520 – 3660
	1) Harmonics into NR

2) 4th IMD into B8

3) 2nd & 5th IMDs into NR

	B19
	830 -845
	4x
	3320 - 3380
	1) Harmonics into NR
2) 4th&5th IMD into B19
3) 2nd & 5th IMDs into NR

	
	
	5x
	4150- 4225
	

	B20
	832 -862
	4x
	3328 - 3448
	1) Harmonics into NR
2) 4th&5th IMD into B19
3) 2nd & 5th IMDs into NR

	
	
	5x
	4160 - 4310
	

	B21
	1447.9 -1462.9
	-
	N/A
	1) No Harmonics
2) No IMD into B21

3) 4th & 5th IMDs into NR

	B25
	1850 - 1915
	2x
	3700 - 3830
	1) Harmonics into NR

2) 2nd,4th&5th  IMDs into B25
3) 4th&5th  IMDs into NR

	 B26
	814- 849
	4x
	3256 - 3396
	1) Harmonics into NR

2) 4th&5th  IMDs into B26

3) 2nd &5th  IMDs into NR

	
	
	5x
	4070 - 4245
	

	B28
	703 - 748
	5x
	3515 - 3740
	1) Harmonics into NR

2) 5th IMD into B28

3) 2nd IMD into NR

	B39
	1880 -1920
	2x
	3760 – 3840
	1) Harmonics into NR

2) 2nd,4th&5th IMDs into B39

3) 4th&5th IMDs into NR

	B41
	2496 -2690
	-
	N/A
	1) No Harmonics
2) 4th IMD into B41

3) 3rd & 4th IMDs into NR

	B66
	1710 - 1780
	2x
	3420 - 3560
	1) Harmonics into NR

2) 2nd&5th IMDs into B66

3) 4th &5th IMDs into NR


4. Conclusions


In this contribution, we provide our views on how to define NR UE Power class and MPR/A-MPR requirements for both range 1&2. Based on the analysis in session 3 and 4, we share our proposals as below
Proposal 1: For the maximum output power of mmWave UE, RAN4 should define multiple power classes considering EIRP with beam peak and TRP with upper limit.

Proposal 2: For the maximum output power based on EIRP of other direction, the TRP requirements can covered the EIRP of other directions except beam peak.
Proposal 3: Based on simulation results, the NR UE power class as shown in Table 1 is proposed and additional maximum EIPR requirements in Table 2 is proposed.
Proposal 4: Define MPR/A-MPR based on OFDMA scheme in both range 1&2. LTE MPR requirement for SC-FDMA scheme will be reused in range1. 

Proposal 5: For the NSA UE (LTE band + NR band in range1), the IMDs product by dual uplink transmission fall into the own both received bands. So RAN4 should study how to guarantee zero MSD in LTE licensed band. One of candidate approach is A-MPR to protect legacy LTE bands.
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