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Introduction
[bookmark: _GoBack]FR2 MPR PC3 equations have recently been updated to accommodate OBW as additional gating factor [1]. When the allocated RB size is greater than 1.44 MHz, the contour of the region corresponding to the MPR for inner 1/3 RB allocations is an asymmetric triangle which starts at RBstart = Ceil (1/3 NRB) and RBstart = Ceil(1/4 NRB) and which ends at Ceil(2/3NRB) and Ceil(1/4NRB) for CBW <= 200 MHz and 400 MHz respectively. In this contribution we present experimental measurements for 100 MHz CBW SCS 120 kHz to verify the validity of the new MPR scheme. The measurements seem to be in good agreement with simulation results presented in [2] and indicate that the inner 1/3 triangle can be extended to lower RBstart values. We therefore propose a new inner 1/3 RB MPR contour for PC3 UEs using 100 MHz CBW and 120 kHz SCS for illustration purposes.
Discussion
PC3 MPR Requirement for FR2 Operation
For contiguous operation, MPR is defined as MPR = max (MPRWT, MPRnarrow), with MPRnarrow = 2.5 dB when the allocated RB size is less than or equal to 1.44 MHz, and 0 ≤ RBstart ≤ Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤NRB-LCRB.
MPRWT is defined in Table 1and Table 2 for channel BW (CBW) <= 200 MHz and 400 MHz, respectively.
Table 1. MPRWT for Power Class 3, BWchannel ≤ 200 MHz
	
	
	MPRWT, BWchannel ≤ 200 MHz

	
	
	  RBstart ≥ Ceil(1/3 NRB)  AND 
RBend ≤ Ceil(2/3 NRB)
	RBstart  <  Ceil(1/3 NRB) OR
RBend  >  Ceil(2/3 NRB)

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16QAM
	≤ 3.0
	≤ 3.5

	
	64QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16QAM
	≤ 5.0
	≤ 5.0

	
	64QAM
	≤ 7.5
	≤ 7.5



Table 2. MPRWT for Power Class 3, BWchannel = 400 MHz
	
	
	MPRWT, BWchannel = 400 MHz

	
	
	  RBstart ≥ Ceil(1/4 NRB)  AND 
RBend ≤ Ceil(3/4 NRB) 
AND 
LCRB≤Ceil(1/4 NRB)
	RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR 
LCRB>Ceil(1/4 NRB) 

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16QAM
	≤ 4.5
	≤ 4.5

	
	64QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16QAM
	≤ 6.5
	≤ 6.5

	
	64QAM
	≤ 9.0
	≤ 9.0



Throughout this document we annotate each MPR “region” as:
· Region 1: 0 ≤ RBstart ≤ Ceil(1/3 NRB)
· Region 2: Ceil(2/3NRB) ≤ RBstart ≤NRB-LCRB
· Region 3: RBstart ≥ Ceil(1/3 NRB) AND RBend ≤ Ceil(2/3 NRB)
Measurement Assumptions
Reference 0 dB MPR PA calibration point is that agreed in [1], ie BW = 100 MHz, SCS = 120 KHz, DFT-S-OFDM QPSK, 20RB23 and we use the following assumptions:
· Power class 3 UE
· Carrier frequency: 24 300 MHz
· Channel BW = 100 MHz, SCS = 120 kHz
· Modulation: QPSK only due to time restrictions
· Waveforms: DFT-S-OFDM and CP-OFDM
· Carrier suppression 25 dB, calibrated for each waveform,
· Image suppression 25 dB, calibrated for each waveform,
· RB allocation test points (TP) 
· DFT-S-OFDM test points:1RB0, 1RB23, 5RB5, 10RB10, 20RB20, 20RB23, 32RB16, 50RB8, 64RB0
· CP_OFDM test points: 1RB0, 5RB5, 10RB10, 20RB23, 22RB22, 33RB16, 50RB8, 66RB0
Common RB allocations to both waveform types are indicated with dot centred in circle.
For each TP, the NR transmit power level, denoted PNR is increased and measurement is stopped as soon as one of the following gating factor fails:
· ACLR according to 38.101-2 
· EVM and In-Band Emissions (IBE) according to 38.101-2
· Occupied bandwidth limit according to 38.101-2, 
Power levels of the second harmonic are also systematically captured for each power sweep.
Figure 1 below illustrates both the new MPR definition using 100 MHz CBW, SCS 120 kHz and the selected TP (regions 2 and 3 are indicated for 1RB).
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Figure 1: FR2 PC3 MPR contours and test points for 100MHz SCS 120 kHz. Black dot: DFT-S-OFDM test point, Circle: CP-OFDM test point, “N” denotes narrow MPR, “1/3” inner 1/3 MPR region, “o” outer MPR region. 0 dB MPR reference waveform is highlighted with red cell border as 20RB23.
· For allocated RB size greater than 1.44 MHz (i.e. greater than 1RB for SCS 120kHz), “1/3” refers to the inner 1/3 allocations (MPRWT driven) and “o” refers to outer allocations (MPRWT driven) bounded by regions 3 and 4, respectively. 
· For allocated RB size less than or equal to 1.44 MHz, “N” refers to region where MPRnarrow applies.
· The 0dB reference MPR allocation is marked with a red square as 20RB23.
· DFT-S-OFDM TP are shown in grey cells with black dots, CP-OFDM are shown with circles, when TP overlap a dot centered in circle is used, 
Measurement results
The experimental results are expressed in terms of power back-off relative to the power level obtained with the 0 dB MPR reference waveform and are summarized in Table 3 and Table 4 for DFT-S-OFDM and CP-OFDM, respectively.

Table 3. Measured Back-off for Power Class 3, DFT-S-OFDM QPSK, BWchannel = 100 MHz vs Simulation [2] and 38.101-2 [1]
	QPSK DFT-S-OFDM
	MPR [1]
	Measurement results
	Simulation results [2]

	LCRB
	RBstart
	Value
	Type
	 Back-off
	Gator
	  MPR
	Gator

	1
	0
	≤ 2.5
	MPRnarrow
	-1.9
	EVM
	≤ 0.0
	EVM

	1
	23
	0.0
	MPRWT
	-0.6
	IBE
	≤ 0.0
	EVM

	5
	5
	≤ 2.0
	MPRWT
	-0.5
	IBE
	≤ 0.0
	IBE

	10
	10
	≤ 2.0
	MPRWT
	-0.2
	IBE
	≤ 0.0
	IBE

	20
	20
	≤ 2.0
	MPRWT
	-0.3
	IBE
	≤ 0.0
	IBE

	20
	23
	0.0
	0dB reference waveform

	32
	16
	≤ 2.0
	MPRWT
	-0.3
	IBE
	≤ 0.0
	IBE

	50
	8
	≤ 2.0
	MPRWT
	0.7
	IBE
	≤ 0.8
	OBW

	64
	0
	≤ 2.0
	MPRWT
	0.7
	OBW
	≤ 0.8
	OBW


 
Table 4. Measured Back-off for Power Class 3, CP-OFDM QPSK, BWchannel = 100 MHz vs Simulation [2] and 38.101-2 [1]

	QPSK CP-OFDM
	MPR [1]
	Measurement results
	Simulation results [2]

	LCRB
	RBstart
	Value
	Type
	 Back-off
	Gator
	  MPR
	Gator

	1
	0
	≤ 2.5
	MPRnarrow
	1.1
	IBE
	≤ 2.0
	EVM

	5
	5
	≤ 4.0
	MPRWT
	1.7
	IBE
	≤ 2.0
	EVM

	10
	10
	≤ 4.0
	MPRWT
	1.7
	IBE
	≤ 2.7
	EVM

	20
	23
	≤ 3.5
	MPRWT
	1.5
	IBE
	≤ 2.7
	EVM

	22
	22
	≤ 3.5
	MPRWT
	1.9
	IBE
	≤ 2.7
	EVM

	33
	16
	≤ 4.0
	MPRWT
	2.0
	IBE
	≤ 2.7
	EVM

	50
	8
	≤ 4.0
	MPRWT
	2.7
	IBE
	≤ 2.7
	EVM

	66
	0
	≤ 4.0
	MPRWT
	3.1
	OBW
	≤ 2.7
	OBW


Screenshots showing back-off levels gated by EVM, IBE and OBW are shown in Figure 2 at 24.3 GHz.
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Figure 2: Gating factor examples for PC3 QPSK DFT-S-OFDM 100MHz CBW 120 kHz at 24.3 GHz. Top row A,B,C: 1RB0 EVM (16.9% ie near failure), IBE (pass marginally) and EVM/IBE summary table respectively. (D) 64RB0 at OBW failure.
We make several observations.
Observation 1: In all tested allocations, ACLR is never the gating factor. OBW supersedes ACLR. This is also confirmed in simulation results [2].
Observation 2: Reported back-off levels indicate that new MPR scheme provides sufficient margin and appears viable.
Observation 3: For measured back-off/simulated MPR values, there is good agreement between measurements and simulation [2]. For gating factors, there is good agreement between simulation and measurements for DFT-S-OFDM. For CP-OFDM, there is good agreement for allocations where OBW is the gating factor. For other allocations, IBE is the dominant measurement gating factor while simulations are EVM limited. For CP-OFDM, the measurements have shown that little back-off difference between IBE and EVM gating levels, so good agreement between simulation and measurements can be assumed.
Based on Observation 3, the selected measurement TP and simulated MPR show that the inner 1/3 MPR triangle region can be extended. This is illustrated in Figure 3 below which reproduces simulated MPR gating factors and MPR levels for QPSK CP-OFDM (Figure 3 left) and DFT-S-OFDM (Figure 3 right) at 100 MHz CBW SCS 120 kHz [2].
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Figure 3: Graphs reproduced from [2]. CP-OFDM (left) vs DFT-S-OFDM (right), gating factors (top row) and simulated MPR levels (bottom row) for 100 MHz QPSK SCS 120 kHz.
We make following observation.
Observation 4: Measurements and simulation data indicate that the FR2 inner 1/3 MPR region can be extended for PC3 operation at 100MHz CBW SCS 120 kHz as illustrated in Figure 4 below, where region 1,2,3 sizes are indicated for illustration purposes at LCRB = 1, measured test point are framed in red, new inner 1/3 MPR concept contours, denoted by cells “N3” are framed in bold black borders, and current MPR contours are in bold dark green borders. The proposed contour is such that for RB allocations greater than 1.44 MHz, and LCRB <= NRB/3, the width of the yellow zone is symmetrical and equal to LCRB. 
[image: ]
Figure 4: New MPR concept for FR2 PC3 100MHz SCS 120kHz. The new inner 1/3 region contour is highlighted in cells “N3” with black borders, current inner 1/3 MPR contour with dark green borders. The contours of the MPRnarrow region are not modified and shown with red cells “NB”.
The new inner 1/3 RB MPR contour highlighted with cells N3 and black borders is that of an arrow similar to those presented at last meeting for PC1 operation in [3] and [4] as reproduced in Figure 5 below.
[image: ][image: ]
Figure 5: DFT-S-OFDM QSPSK 120 kHz PC1 MPR, reproduced from [3] (left) and [4] (right).


We encourage interested companies to further study the proposed concept for Release16 and extend these different channel BW and power classes.
Conclusions
In this contribution we present FR2 power amplifier back-off measurements for PC3 operation in 100 MHz CBW 120 kHz QPSK for both DFT-S-OFDM and CP-OFDM. We make several observations:

Observation 1: In all tested allocations, ACLR is never the gating factor. OBW supersedes ACLR. This is also confirmed in simulation results [2].
Observation 2: Reported back-off levels indicate that new MPR scheme provides sufficient margin and appears viable.
Observation 3: For measured back-off/simulated MPR values, there is good agreement between measurements and simulation [2]. For gating factors, there is good agreement between simulation and measurements for DFT-S-OFDM. For CP-OFDM, there is good agreement for allocations where OBW is the gating factor. For other allocations, IBE is the dominant measurement gating factor while simulations are EVM limited. For CP-OFDM, the measurements have shown that little back-off difference between IBE and EVM gating levels, so good agreement between simulation and measurements can be assumed.
Observation 4: Measurements and simulation data indicate that the FR2 inner 1/3 MPR region can be extended for PC3 operation at 100 MHz CBW SCS 120 kHz as illustrated in Figure 4 below, where regions 1,2,3 sizes are indicated for illustration purposes at LCRB = 1, measured test point are framed in red, new inner 1/3 MPR concept contours, denoted by cells “N3” are framed in bold black borders, and current MPR contours are in bold dark green borders. The proposed contour is such that for RB allocations greater than 1.44 MHz, and LCRB <= NRB/3, the width of the yellow zone is symmetrical and equal to LCRB. 
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Figure 4: New MPR concept for FR2 PC3 100MHz SCS 120kHz. The new inner 1/3 region contour is highlighted in cells “N3” with black borders, current inner 1/3 MPR contour with dark green borders. The contours of the MPRnarrow region are not modified and shown with red cells “NB”.
We encourage interested companies to further study the proposed concept for Release16 and extend these different channel BW and power classes.
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