[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #96-e		                               R4-2011522
[bookmark: OLE_LINK49]Electronic Meeting, 17 August – 28 August, 2020

Source: 	Skyworks Solutions, Inc.
Title: 	Class B and Class C NR CA Back-off Measurements for A-MPR
Agenda Item:		7.11.1.3 Intra-band contiguous UL CA for FR1 power class 3  [NR_RF_FR1-Core] 
Document for:	Approval
Introduction
At RAN4#95-e, it has been agreed in Way Forward (WF) [1] to study A-MPR for NS-04 and NS-27. This contribution brings measurement data to help calibrate simulation results. Considering the expected large Back-Off (BO) values for NS-27 [2], we follow the approach taken for n65 A-MPR measurements [3] where the Power Amplifier is measured against two different voltage supply levels. A-MPR is subsequently proposed based on the collected dataset.
Discussion
Measurements are performed using the agreed assumptions from WF [1], as follows:
· A-MPR for NS-04 -25dBm/MHz OOB requirement is studied for channel and allocation positions when:
· Contiguous outer IMD3 spectrum overlaps with this region
· Non-contiguous outer1 IMD3 spectrum overlaps with this region
· A-MPR for NS-27 -40dBm/MHz OOB requirement is studied for channel and allocation positions when:
· Contiguous inner and outer IMD3 spectrum overlaps with this region
· Non-contiguous allocation IM3/5/7 fall in this region.

Simulation results in [2] show that some Resource Block (RB) allocations require up to 18dB. These levels are similar to those observed for n65 A-MPR studies where it was discussed at RAN4#94-e-Bis to lower the PA Power Supply Voltage to measure IMD3 power levels that require large BO. This contribution brings measurements which follows the same principles than in [3], ie. we present results obtained with two sets of PA Voltage Supply levels: 1 set is used to collect data for low to medium back-off levels (emulating High Power Mode), another set to collect data for medium to high back-off (emulating Medium to Low Power Mode).

Power Amplifier Calibration
· PA calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR;
· Post PA losses: 4dB;
· Power Class 3 (PC3) operation;
· Local Oscillator (LO) leakage: -28dBc;
· IQ Image rejection: -28dB;

Measurement Results
Raw Results for Non-Contiguous Allocations
DFT-s-OFDM and CP-OFDM raw measured Power Class 3 (PC3) BO levels for each IMD product are plotted vs total aggregated RB bandwidth (BW) in Figure 1and Figure 2 respectively. 
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[bookmark: _Ref47720446]Figure 1: DFT-s-OFDM results for Class B and Class C
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[bookmark: _Ref47720451]Figure 2: CP-OFDM results for Class B and Class C
Legend:

· Class C 50MHz + 50MHz IMD3 BO levels gated by -25dBm/MHz (NS-04) are plotted in empty green circles,

All other data points correspond to class B 20MHz+20MHz BO levels:
· Results obtained with the second “low power mode” PA voltage supply level are denoted “Vcc2” and are plotted in dark green plain circles under label “IMD3 -40 Vcc2”.
· All other series show measured raw BO for IMD order (3,5,7) measured using the “high power” PA supply voltage.
· IMD3 BO levels are plotted using plain green circles with different shades of green to meet each gating emission levels (-13,-25,-40 dBm/MHz),
· IMD5 BO levels are plotted using plain red-to-orange squares to meet each gating emission levels (-13,-25,-40 dBm/MHz),
· IMD7 BO levels are plotted with plain blue triangles to meet each each gating emission levels (-13,-25,-40 dBm/MHz),
· ACLR gated levels are plotted with “black” dashes,

Observation 1: For IMD3 gated at -40dBm/MHz (NS-27) and for total RB BW <20MHz:
· There is little difference in measured BO between DFT-s-OFDM and CP-OFDM waveforms for both PA supply voltages,
· Gated BO levels are increased by 2.5 to 3dB when supply is lowered (Vcc2 label, plain dark green dots)

Observation 2: For IMD3 gated at -25dBm/MHz (NS-04 and NS-27) and for total RB BW <20MHz, measured BO levels for Class C are slightly lower than for Class B operation

NS_04 dataset and A-MPR proposal
Proposal 1: For NS_04, A-MPR is driven by IMD3 gated at -25dBm/MHz. Proposed A-MPR for Class B and Class C operation is shown in blue plain line in Figure 3 and Figure 4 for DFT-s-OFDM and CP-OFDM respectively (x-axis restricted to Class B here – but plateau extends to Class C BW).
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[bookmark: _Ref47725596]Figure 3: NS-04 A-MPR proposal for Class B and Class C DFT-S-OFDM
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[bookmark: _Ref47725809]Figure 4: NS-04 A-MPR proposal for Class B and Class C CP-OFDM

For an IMD3 falling in the -25dBm/MHz, the proposed MPR curve coefficients versus total RB bandwidth are:
-25dBm/MHz A-MPRCA_IM3 =	13; 0 ≤B<1.08
12; 1.08 ≤B<2.16
11; 2.16 ≤B<3.24
10.5; 3.24 ≤ B < 5.04
9.5; 5.04  ≤B< 10.08
8; 10.08  ≤B< 16.56
7; 16.56 ≤ B < 21.96
6.5; 21.96 ≤B



NS_27 dataset and A-MPR proposal
Proposal 2: For NS_27, we propose to adopt measurement data obtained with VCC2 up to 21.96MHz BW as shown in Figure 5 and Figure 6 below. 	
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[bookmark: _Ref47741332]Figure 5: NS-27 A-MPR proposal for Class B and Class C DFT-S-OFDM
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[bookmark: _Ref47741530]Figure 6: NS-27 A-MPR proposal for Class B and Class C CP-OFDM
For an IMD3 falling in the -40dBm/MHz, the proposed MPR curve coefficients versus total RB bandwidth are:
-40dBm/MHz A-MPRCA_IM3 =		20; 0 ≤B<1.08
19.5; 1.08 ≤B<2.16
19; 2.16 ≤B<3.24
18.5; 3.24 ≤ B < 5.04
18; 5.04  ≤B< 10.08
17; 10.08  ≤B< 16.56
16; 16.56 ≤ B < 21.96
13; 21.96 ≤B
For an IMD3 falling in the -25dBm/MHz and an IMD5 falling in the -40dBm/MHz region, the proposed MPR curve coefficients versus total RB bandwidth are:
-25dBm/MHz A-MPRCA_IM3 =-40dBm/MHz A-MPRCA_IM5     13; 0 ≤B<1.08
12; 1.08 ≤B<2.16
11; 2.16 ≤B<3.24
10.5; 3.24 ≤ B < 5.04
9.5; 5.04  ≤B< 10.08
8; 10.08  ≤B< 16.56
7; 16.56 ≤ B < 21.96
6.5; 21.96 ≤B


Conclusion
In this contribution we address WF [1] open items and make two A-MPR proposals:

Proposal 1: For NS-04, and for an IMD3 falling in the -25dBm/MHz, the proposed MPR curve coefficients versus total RB bandwidth are:
-25dBm/MHz A-MPRCA_IM3 =	13; 0 ≤B<1.08
12; 1.08 ≤B<2.16
11; 2.16 ≤B<3.24
10.5; 3.24 ≤ B < 5.04
9.5; 5.04  ≤B< 10.08
8; 10.08  ≤B< 16.56
7; 16.56 ≤ B < 21.96
6.5; 21.96 ≤B

Proposal 2: For NS-27, we propose two A-MPR curves:
For an IMD3 falling in the -40dBm/MHz, the proposed MPR curve coefficients versus total RB bandwidth are:
-40dBm/MHz A-MPRCA_IM3 =	20; 0 ≤B<1.08
19.5; 1.08 ≤B<2.16
19; 2.16 ≤B<3.24
18.5; 3.24 ≤ B < 5.04
18; 5.04  ≤B< 10.08
17; 10.08  ≤B< 16.56
16; 16.56 ≤ B < 21.96
13; 21.96 ≤B
For an IMD3 falling in the -25dBm/MHz and an IMD5 falling in the -40dBm/MHz region, the proposed MPR curve coefficients versus total RB bandwidth are:
-25dBm/MHz A-MPRCA_IM3 =-40dBm/MHz A-MPRCA_IM5     13; 0 ≤B<1.08
12; 1.08 ≤B<2.16
11; 2.16 ≤B<3.24
10.5; 3.24 ≤ B < 5.04
9.5; 5.04  ≤B< 10.08
8; 10.08  ≤B< 16.56
7; 16.56 ≤ B < 21.96
6.5; 21.96 ≤B
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