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Introduction
This contribution presents power amplifier (PA) back-off measurements for FR Intra-Band Non-Contiguous UL Carrier Aggregation (CA) using Quadrature Phase Shift Keying (QPSK) waveforms for the case of two uplink component carriers separated with a 100MHz gap.
Discussion
Due to time restrictions, measurements cover only the case of two non-contiguous uplink component carriers (CC) with 100MHz gap spacing and Power Amplifier (PA) tested at 24.4 GHz. Throughout this document, we use gating definitions from [1]. Transmit power level are swept by 1dB steps, and for each step, occupied bandwidth (OBW), ACLR, and spurious emissions levels are measured. For occupied bandwidth, measurements follow recommendations in [1] where band power measurements are captured over a 2GHz frequency span centered on the carrier frequency as shown in Figure 1 below. 
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[bookmark: _Ref37423047]Figure 1: Occupied Bandwidth Band Power Marker Settings
We use budgets and assumptions from [2] to convert conducted power levels to TRP requirement levels.
Power Amplifier Calibration
· PA calibration point is 100MHz, 120kHz, QPSK, DFT-S-OFDM, 20RB23 with 0dB MPR,
· Power Class 3 (PC3) operation,
· Carrier Frequency: 24.4GHz,
· Local Oscillator (LO) leakage: -25dBc,
· IQ Image rejection: -25dB,
· All measurements performed with SCS120kHz waveforms.
MPR Measurement Results
Table 1 below summarizes measurement results on a limited set of points. The intention here is to provide reference measurements points to calibrate simulation results. More data can be presented at the next meeting for more complicated cases, such as 2 CCs with a much larger gap.


Table 1: Measured PC3 back-off levels for band 34 protection at 50 MHz CBW, carrier = 1980 MHz.
	Waveform
	CC #1
	CC #2
	Measurement Results

	
	RB length
	RB start
	RB length
	RB start
	Back-off [dB]
	Gator

	DFT-s-OFDM
	2
	0
	2
	64
	6.2
	Spur

	DFT-s-OFDM
	20
	46
	20
	0
	5.4
	OBW

	DFT-s-OFDM
	40
	26
	40
	0
	5.5
	OBW

	DFT-s-OFDM
	64
	0
	64
	2
	6.1
	OBW

	CP-OFDM
	66
	0
	66
	0
	6.8
	OBW



We observe that with fully allocated waveforms, the amount of back-off needed for CP-OFDM is only 0.7dB higher than that required for DFT-S-OFDM. As previously reported in [1], this is expected since for the case of 2 non-contiguous uplink CCs transmissions, the difference in peak to average power ratio between each waveform is small - refer to Table 2.
[bookmark: _Ref37425087]Table 2 Peak to Average Power Statistics Comparison for 100 MHz Gap
	Probability
	DFT-S-OFDM [dB]
	CP-OFDM [dB]

	
	CC#1:64RB0 
CC#2:64RB2
	CC#1:66RB0
CC#2:66RB0

	10%
	3.56
	3.60

	1%
	6.38
	6.58

	0.1%
	7.96
	8.30

	0.01%
	9.00
	9.49

	0.001%
	9.64
	10.26


EESS band Protection Measurement Results (A-MPR)
[bookmark: _GoBack]Measurement results presented in Table 3 are performed using only two waveforms and should therefore be considered here as preliminary measurements until a more thorough investigation is completed. If confirmed, since the amount of back-off needed to protect EESS is less than that obtained in the MPR section, and since the back off applied is the max(MPR, AMPR), PA back-off would be dominated by MPR requirements. We invite interested companies to crosscheck these initial results.
[bookmark: _Ref37429847]Table 3: EESS Protection Measurement Result
	Waveform
	CC #1
	CC #2
	Measurement Results

	
	RB length
	RB start
	RB length
	RB start
	Back-off [dB]
	EESS limit [dBm/200MHz]

	DFT-s-OFDM
	1
	0
	1
	65
	5.4
	-8

	DFT-s-OFDM
	2
	0
	2
	64
	5.3
	-8


Conclusions
In this contribution, we present our measurements for two 100MHz QPSK modulated, non-contiguous uplink CCs separated with a 100 MHz gap at 24 GHz.
References
[1]		R4-1913981 “FR2 Intraband Non-contiguous UL CA”, Nokia, Nokia Shanghai Bell, 3GPP TSG-RAN WG4 Meeting #93, Reno, US 18th – 22nd Nov 2019.
[2]		R4-1712319 “UE power class for FR2”, Intel Corporation, Apple, OPPO, Samsung, LGE, Xiaomi, MediaTek, Motorola, Huawei, 3GPP TSG-RAN WG4 Meeting #85, Reno, US 27 November – 1 December, 2017.
3GPP
image1.png
24,400 GHz “Video BW 10 " ‘Span 2000,
W 100 kit #5weep 1995 (15001





