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1. Introduction
An LS [1] from RAN1 about RF impairments including PA modelling for B52.6G was sent to RAN4. Timely feedback is requested from RAN4 on the applicability of the above modelling in the frequency range 52.6GHz to 71GHz.
· Modelling of the power amplifier (PA), either directly or approximately via EVM injection, and other RF impairments, such as I/Q imbalance and frequency offset, will be optionally considered in the RAN1 evaluation.

In the last meeting, PA models in 60GHz was intensively discussed [2]. It is generally agreed that there is no agreed RAN4 parameters for a PA model [3]. PA model choice is left to the companies for decision in the SI phase. In this contribution, we provide our initial MPR results for B52.6G based on CMOS PA models.
2. Discussion
The PA models used in this contribution is based on TR38.803 Annex A Rapp Model. Figure 1 illustrates the AM-AM and AM-PM characteristics for both GaN PA and CMOS PA. CMOS Rapp PA model is utilised for the 60GHz simulation. The parameters for PA non-linearity model refer to [4], which is listed in the appendix. The CMOS Rapp PA model is utilised for the B52.6G LLS simulation.
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(a) AM-AM result                                




(b) AM-PM result

Figure 1 AM-AM and AM-PM characteristics for both GaN PA and CMOS PA
Figure 1(a) presents that the PA output powers are saturated at 32.7 dBm and 24.8 dBm for the GaN and CMOS model, respectively. Figure 1(b) linearizes AM-PM below Pin = -2.3 dBm.
In the simulation of MPR, these following waveforms are evaluated as shown in Table 1.
Table 1
 Evaluated waveforms
	Waveform
	Bandwidth
	Modulation
	SCS
	Allocation [RB number& start RB]

	DFT-S-OFDM
	100MHz
	QPSK
	120kHz
	20RB/23

	DFT-S-OFDM
	2000MHz
	PI/2-BPSK
	960kHz
	160RB/0

	DFT-S-OFDM
	2000MHz
	QPSK
	960kHz
	160RB/0

	DFT-S-OFDM
	2000MHz
	16QAM
	960kHz
	160RB/0

	DFT-S-OFDM
	2000MHz
	64QAM
	960kHz
	160RB/0

	CP-OFDM
	2000MHz
	QPSK
	960kHz
	160RB/0

	CP-OFDM
	2000MHz
	16QAM
	960kHz
	160RB/0

	CP-OFDM
	2000MHz
	64QAM
	960kHz
	160RB/0


These deciding factors considered in the simulation for MPR are listed as EVM, SEM and ACLR. 
For EVM requirements, we use the FR2 requirements in Table 2 as baseline.
Table 2
EVM requirements 

	Parameter
	Unit
	Average EVM level
	Reference signal EVM level

	Pi/2 BPSK 
	%
	30.0
	30.0

	QPSK 
	%
	17.5
	17.5

	16 QAM 
	%
	12.5
	12.5

	64 QAM 
	%
	8.0
	8.0


For the SEM requirements, we scaled the channel bandwidth to 2000MHz based on the current FR2 requirements as in Table 3.
Table 3
SEM (including 2000M) 

	Spectrum emission limit (dBm) / Channel bandwidth

	ΔfOOB
(MHz)
	50

MHz
	100

MHz
	200

MHz
	400

MHz
	800

MHz
	2000
MHz
	Measurement bandwidth

	( 0-5
	-5 
	-5
	-5
	-5
	-5
	-5
	1 MHz 

	( 5-10
	-13
	-5
	-5
	-5 
	-5
	-5
	1 MHz

	( 10-20
	-13
	-13
	-5
	-5 
	-5
	-5
	1 MHz

	( 20-40
	-13
	-13
	-13
	-5
	-5
	-5
	1 MHz

	( 40-100
	-13
	-13
	-13
	-13
	-5
	-5
	1 MHz

	( 100-200
	
	-13
	-13 
	-13 
	-13
	-5
	1 MHz

	( 200-400
	
	
	-13 
	-13 
	-13
	-13
	1 MHz

	( 400-800
	
	
	
	-13 
	-13
	-13
	1 MHz

	( 800-1600
	
	
	
	
	-13
	-13
	1MHz

	( 1600-3200
	
	
	
	
	
	-13
	1MHz


For the ACLR, we assume the ACLR requirements defined for FR2 bands also apply. Thus, ACLR of 17 dB can apply to 2000MHz channel bandwidth with 1901.4 MHz measurement bandwidth.
Power backoff simulation
We simulate the power backoff values considering EVM as the deciding factor.
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Figure 2 100M EVM VS Output TxP               Figure 3 2000M EVM VS Output TxP

As shown in Figure 2 and Figure 3, as the PA output power increases, the EVM value will gradually decrease and then increase rapidly. According to the EVM requirement defined in TS 38.101-2, the maximum output power of the PA under the EVM limit for different MCS can be obtained. In Figure 2, when the bandwidth is 100MHz and the EVM limit for QPSK is 17.5%, the PA output power is 24.68 dBm, which is the maximum PA output power under the EVM limit. Similarly, in the Figure 3, when the bandwidth is 2000MHz, for QPSK, 16QAM, 64QAM, the maximum output power under the EVM limit is 16.6 dBm, 11.23 dBm, 7.57 dBm, respectively.

In the following simulation, the power density spectrum for 2 GHz bandwidth is simulated for 60GHz.
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Figure 4 100M PSD of waveforms after the PA               Figure 5 2000M PSD of waveforms after the PA
 As shown in Figure 4 and Figure 5, the red line illustrates for the requirement of SEM. As the output power of the PA increases, the out-of-band emission will gradually increase until it exceeds the SEM. According to the SEM requirements defined in TS 38.101-2, the maximum output power of the PA under the SEM limit can be obtained. In Figure 4, we can observe that when the bandwidth is 100MHz, the waveform is DFT-S-OFDM, and QPSK modulation is used, the maximum output power of the PA is 23.41 dBm. Similarly, in Figure 5, when the bandwidth is 2000 MHz, the waveform is CP-OFDM, and 16QAM modulation is used, the maximum PA output power is 24.17 dBm.

In the following simulation, we performed the ACLR simulation for 60 GHz.
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Figure 6 100M ACLR VS Output TxP                             Figure 7 2000M ACLR VS Output TxP

As shown in Figure 6 and Figure 7, as the output power of the PA increases, the ACLR value will gradually decrease. With the ACLR requirement defined in TS 38.101-2, the maximum output power of the PA under the ACLR limit for different MCS can be obtained. In Figure 6, when the bandwidth is 100MHz and ACLR is 17 dB, the PA output power is 22.14 dBm, which is the maximum output power of the PA under the ACLR limit. Similarly, in Figure 7, when the bandwidth is 2000MHz, for QPSK、16QAM and 64QAM, the maximum output power of the PA under the ACLR limit is 24.29 dBm、23.31 dBm and 23.31 dBm, respectively.
3. Conclusion
This contribution performs the MPR simulations for 60GHz using CMOS PA model. These following deciding factors are considered, EVM, SEM, ACLR. The simulation results are summarized as follows:
Table 4
 MPR simulation results for 60GHz

	Test Case
	Waveform
	SCS [KHz]
	CHBW [MHz]
	Modulation
	RB allocation [start RB, RB num]
	ACLR Pout
 (<=) [dBm]
	EVM Pout (<=)[dBm]
	SEM Pout
 (<=) [dBm]
	Pout [dBm]
	MPR [dB]

	Case 1
	DFT-s-OFDM
	120
	100
	QPSK
	[23,42]
	22.14
	24.68
	23.41
	22.14
	0

	Case 2
	DFT-s-OFDM
	960
	2000
	PI/2-BPSK
	[0,159]
	-
	-
	25.26
	25.26
	-3.12

	Case 3
	DFT-s-OFDM
	960
	2000
	QPSK
	[0,159]
	24.29
	16.6
	25.14
	16.6
	5.54

	Case 4
	DFT-s-OFDM
	960
	2000
	16QAM
	[0,159]
	23.31
	11.23
	25.04
	11.23
	10.91

	Case 5
	DFT-s-OFDM
	960
	2000
	64QAM
	[0,159]
	23.31
	7.57
	24.61
	7.57
	14.57

	Case 6
	CP-OFDM
	960
	2000
	QPSK
	[0,159]
	23.53
	13.65
	24.17
	13.65
	8.49

	Case 7
	CP-OFDM
	960
	2000
	16QAM
	[0,159]
	23.91
	10.62
	24.17
	10.62
	11.52

	Case 8
	CP-OFDM
	960
	2000
	64QAM
	[0,159]
	23.91
	7.53
	24.17
	7.53
	14.61
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Appendix:
PA non-linearity model
a. Rapp AM-AM
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b. Modified Rapp AM-PM
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c. CMOS PA model parameters

· AM-AM

·  g = 4.65

·  Asat = 0.58

·  s = 0.81

· AM-PM

·   = 2560

·   = 0.114

·  q1 = 2.4

·  q2 = 2.3

3GPP


