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1. Introduction
This contribution proposes to consider adopting "a new" fully allocated 40MHz CBW DFT-s-OFDM SCS 15(kHz) waveform to calibrate the Power Amplifier (PA) linearity for RAN4 studies.
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For RAN4 simulation of measurement studies in FR1 on MPR, A-MPR, REFSENS, MSD, etc., there is consensus on the following test conditions for calibrating the PA linearity. These generally accepted assumptions  are common to all FR1 frequency bands:
· Post-PA losses: 4dB;
· Waveform impairments: 
· -28dB local oscillator leakage;
· -28dB image rejection, For 256QAM proponents may use different image rejection assumptions;
· -60dB C-IM3; 
· -70dB C-IM5.
· PA linearity is adjusted to meet the targeted power class (PC) ACLR requirement at 1dB MPR. 
For example, the PC3 PA linearity is adjusted to deliver 30dB ACLR at 26dBm output power.
The waveform used for calibration is a fully allocated DFT-s-QPSK 20MHz CBW waveform at SCS 15 (kHz). The uplink (UL) RBstart configuration is slightly different for NR-U bands than for any other FR1 frequency band:
· For all FR1 bands except NR-U, the UL RBstart is set to 0. The RAN4 calibration waveform is denoted throughout this document as "DFT_4_20MHz_100RB_0_15" or "waveform 1" ((fully allocated DFT-s-OFDM QPSK 20MHz CBW 100RB (RBstart=) at SCS 15kHz).

· For NR-U bands: the UL RBstart is set to 3, i.e., a waveform that is denoted DFT_4_20MHz_100RB3_15 (fully allocated DFT-s-OFDM QPSK 20MHz CBW 100RB (RBstart=3) at SCS 15kHz).
Note that once calibrated, the PA linearity should be valid for all CBW under evaluation, including large UL-CA aggregated channel bandwidth. This unique calibration point also holds for all types of waveforms, e.g., CP-OFDM or NR-U interlaced, all modulation orders and all SCS. Even though not explicitly captured, the general understanding is that PA is expected to exhibit no or negligible memory effect.
Observation 1: For studies within FR1, RAN4 proponents generally adopt the QPSK SCS 15kHz 20MHz CBW DFT-s-OFDM waveform to calibrate the PA linearity. This single calibration point is then used to simulate/measure the PA emission performance for all other CBW, types of waveforms (CP-OFDM, NR-U interlaced etc.), modulation orders and SCS. It is generally assumed that once calibrated, the PA exhibits no or little memory effect.
In Figure 1 we present ACLR measurements of a memory-less PA vs output power for two waveforms:
· Waveform 1: FR1 calibration waveform DFT_4_20MHz_100RB_0_15, with:
· red plot: ACLR in lower adjacent channel;
· orange plot: ACLR in higher adjacent channel;
· Waveform 2: Fully allocated 40MHz CBW DFT-s-OFDM QPSK SCS15(kHz)  "DFT_4_40MHz_216RB_0_15", with ACLR lower and ACLR higher plotted in green.

Key observations from Figure 1:
· The PA calibration is nearly perfect, with ACLR -30dBc met at 26dBm, gated by the lower adjacent channel due to Waveform 1 RBstart asymmetry,
· For Waveform 2: 
1. The ACLR -30dB is gated at nearly identical power levels for both the lower and the higher adjacent channels This is expected since the UL RB are perfectly centered for this fully allocated 40MHz CBW waveform.
2. The ACLR gating level is approximately ~0.4dB lower than the level obtained using the PA calibration Waveform 1, i.e. ACLR is gated at approximately ~ 25.6dBm.

We have repeated these measurements across several power amplifiers in different frequency bands, and this deviation seems repeatable.
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[bookmark: _Ref142485040]Figure 1: PC3 PA ACLR calibration measurements  DFT-s-OFDM QPSK 40MHz CBW UL LCRB=216 (RBstart=0) vs DFT-s-OFDM QPSK 20MHz CBW UL LCRB=100 (RBstart=0).

Observation 2: The PC3 ACLR gating level using "Waveform 2 DFT_4_40MHz_216RB0_15" (fully allocated QPSK 40MHz CBW DFTs waveform at SCS 15kHz) is approximately ~0.4dB lower than the gating level obtained using the RAN4 "usual" calibration "Waveform 1 - DFT_4_20MHz_100RB_0_15" (fully allocated QPSK 20MHz CBW DFTs waveform at SCS 15kHz). This deviation has been observed on several PAs in different frequency bands.

We believe the difference in ACLR performance is due to the higher spectrum utilization (SU) of Waveform 2 vs. that of Waveform 1. In Figure 2, we compare in blue the SCS 15kHz SU and the guardband/CBW ratio of the FR1 fully allocated SCS 15(kHz) DFT-s-OFDM waveforms vs. CBW. As shown in gray we overlay the SU of fully allocated CP-OFDM waveforms.
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[bookmark: _Ref142578377]Figure 2 Spectrum utilization and guardband/CBW ratio of fully allocated SCS 15(kHz) DFT-s-OFDM waveforms vs. CP-OFDM SU.

Regarding the RAN4 calibration waveform1:
Compared to other fully allocated DFT-s-OFDM waveforms, the 90% SU of the calibration "Waveform 1 - DFT_4_20MHz_100RB0_15" is:
· identical to the SU of 5,10, and 15MHz CBW waveforms;
· close to that of 25MHz and 35MHz CBW waveforms; and
· lower than that of 30MHz (96%), 40MHz (97.2%), 45MHz (96%) and 50MHz (97.2%) waveforms.
Compared to fully allocated CP-OFDM waveforms, its SU is lower than any the SU of any CP-OFDM waveforms.

Regarding the "waveform 2 - DFT_4_40MHz_216RB0_15"
· Waveform 2 is the smallest CBW that exhibits the highest DFT-s-OFDM SU of 97.2%; and
· Waveform 2 SU is greater than or equal to the SU of any other CP-OFDM waveforms.

In Figure 3, we compare the SU of the SCS 15 (kHz) fully allocated DFT-s-OFDM waveforms to the SCS 30 (kHz) CP-OFDM waveforms. The 97.2% SU of Waveform 2 is only exceeded by ~1% or less at 80MHz, 90MHz and 100MHz CBW.
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[bookmark: _Ref142581290]Figure 3 SU of fully allocated SCS 15(kHz) DFT-s-OFDM vs SCS 30(kHz) CP-OFDM.

Observation 3: The "Waveform 2 DFT_4_40MHz_216RB0_15" (fully allocated QPSK 40MHz CBW DFTs waveform at SCS 15kHz) exhibits:
· Near identical ACLR low/high gating levels thanks to UL RB being fully centered in the 40MHz CBW;
· The highest spectrum utilization (SU) of all fully allocated DFT-s-OFDM waveforms at SCS 15 (kHz);
· Equal or greater SU than any other SCS 15(kHz) CP-OFDM waveform; and
· A SU that is only ~1% or less, lower than any other SCS 30(kHz) CP-OFDM waveforms.
Observation 4: For FR1, the difference in ACLR gating level of Waveform 2 vs. the commonly agreed RAN4 calibration waveform may be explained by its higher SU of  ~97.2%.
Based on these observations, we propose to adopt "a new" PA calibration waveform for RAN4 studies within FR1.
Proposal: For RAN4 simulation or measurement studies within FR1 (MPR, A-MPR, REFSENS, MSD etc.), use the "new" DFT-s-OFDM QPSK, SCS15 (kHz), 40MHz CBW UL LCRB = 216 (RBstart=0) waveform to calibrate the PA linearity. All other RAN4 assumptions remain unchanged. Interested companies are invited to cross-check the findings of observations 2,3,4.
3. Conclusion
In this contribution, we propose present measurement data showing that the higher spectrum utilization of DFT-s-OFDM QPSK SCS 15 (kHz) 40MHz CBW UL LCRB = 216 (RBstart=0) may make this "new" waveform a better waveform to calibrate the PA linearity for RAN4 simulation or measurement campaigns.
Observation 1: For studies within FR1, RAN4 proponents generally adopt the QPSK SCS 15kHz 20MHz CBW DFT-s-OFDM waveform to calibrate the PA linearity. This single calibration point is then used to simulate/measure the PA emission performance for all other CBW, types of waveforms (CP-OFDM, NR-U interlaced etc.), modulation orders and SCS. It is generally assumed that once calibrated, the PA exhibits no or little memory effect.
Observation 2: The PC3 ACLR gating level using "Waveform 2 DFT_4_40MHz_216RB0_15" (fully allocated QPSK 40MHz CBW DFTs waveform at SCS 15kHz) is approximately ~0.4dB lower than the gating level obtained using the RAN4 "usual" calibration wavform "DFT_4_20MHz_100RB_0_15" (fully allocated QPSK 20MHz CBW DFTs waveform at SCS 15kHz). This deviation has been observed on several PAs in different frequency bands.
Observation 3: The "Waveform 2 DFT_4_40MHz_216RB0_15" (fully allocated QPSK 40MHz CBW DFTs waveform at SCS 15kHz) exhibits:
· Near identical ACLR low/high gating levels thanks to UL RB being fully centered in the 40MHz CBW;
· The highest spectrum utilization (SU) of all fully allocated DFT-s-OFDM waveforms at SCS 15 (kHz);
· Equal or greater SU than any other SCS 15(kHz) CP-OFDM waveform; and
· ASU that is only ~1% or less, lower than any other SCS 30(kHz) CP-OFDM waveforms.
Observation 4: For FR1, the difference in ACLR gating level of Waveform 2 vs. the commonly agreed RAN4 calibration waveform may be explained by its higher SU of  ~97.2%.
Proposal: For RAN4 simulation or measurement studies within FR1 (MPR, A-MPR, REFSENS, MSD etc.), use the "new" DFT-s-OFDM QPSK, SCS15 (kHz), 40MHz CBW UL LCRB = 216 (RBstart=0) waveform to calibrate the PA linearity. All other RAN4 assumptions remain unchanged. Interested companies are invited to cross-check the findings of observations 2,3,4.
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