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Introduction
In RAN4 #86bis, way forward [1] summarizes the agreed assumptions to evaluate A-MPR of Cat-M1 devices using sub-PRB feature:
· For sub-GHz bands (i.e. bands <= 1 GHz): -28 dBc carrier leakage and IQ image rejection ratio,
· For bands above 1 GHz, -25 dBc carrier leakage and IQ image rejection ratio.
In RAN1 #92bis, the final details of 2SC sub-PRB modulation have been agreed to.
In this paper, measurements performed on a power amplifier (PA) are used to update previous A-MPR results [3] based on above simulation assumptions and using 2SC waveform definition.
The updated A-MPR NS values are NS04, NS06 and NS12. MPR results remain unchanged, therefore no MPR is required. 
Discussion
Measurement Setup
Measurement Conditions
The input signal used for PA measurements are aligned with [1]  to meet the following RF transceiver impairments:
· IQ image rejection: -25 dBc and – 28 dBc for bands above 1GHz and below 1 GHz respectively,
· LO leakage: -25 dBc and – 28 dBc for bands above 1GHz and below 1 GHz respectively,
· Counter-IM3: not used.

Measurements are performed at carrier frequencies of 782.5 MHz and 1732.5 MHz for low (<1 GHz) and mid-band (>1 GHz) respectively. Measurements focus on meeting SEM mask and band specific requirements associated with each tested NS value for power class 3 (PC3) devices.
The measured device is an LTE Cat0 IoT module which includes the PA, low pass filter and transmit/receive antenna switch. The output of the module is thus representative of the performance at the user equipment (UE) antenna connector. The PA has a fully programmable bias current which facilitates calibration of PA linearity. The PA is calibrated for PC3 using a fully allocated QPSK 1.4 MHz transmission bandwidth (BW) carrier so that ACLR compliance is met with 1 dB back-off. 
	Tested Waveform
Simulation in [2] showed that the worst case are the Pi/2 BPSK modulated of sub-carrier length (Lcsc) 2, and QPSK Lcsc 3 waveforms, with the SC being positioned at the lowest possible offset with the lowest PRB of a given cell BW. In [3] measurements using QPSK Lcsc 3 have been presented with FFS to study the impact of Pi/2 BPSK Lcsc 2 waveforms. This contribution aims at completing previous measurements of [3] by testing Pi/2 BPSK Lcsc 2 waveforms with SC located at offset 0. Since 2SC waveforms exhibit the highest power spectral density (PSD), it is believed that these measurements combined with the previous QPSK Lcsc 3 measurements [3] cover the worst case scenario from a spurious emission perspective.
MPR Results
Figure 1 below shows the measured PSD versus LTE general spectrum emission mask (SEM) for PC3 CAT-M1. Measurements show that no MPR is needed for PC3 CAT-M1 devices for 1.4 MHz channel bandwidth and Lcsc=2. In [3] measurements showed that no MPR was required with Lcsc=3 and Lcsc=6 waveforms. Therefore, no MPR is required for Cat-M1 devices using sub-PRB feature. Also note that on Figure 1, E-UTRA ACLR exhibit 10 dB margin. This margin could be exploited by adequate PA biasing techniques to minimize power consumption, hence sub-PRB feature may improve UE battery life.
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[bookmark: _Ref510812796]Figure 1: LTE general SEM measurements
Figure 1: Measured power spectral density (PSD) for CAT-M1 measured at 0dB MPR, transmission bandwidth configuration of 1.4 MHz, Lcsc=2 with 0 SC offset. Black: measured PA output spectrum, Green: LTE general SEM.
[bookmark: _Hlk506143753]Proposal 1: No MPR is needed for 1.4MHz cell bandwidth Cat-M1 devices for sub-PRB feature.
Observation 1: ACLR margin makes sub-PRB feature a candidate that may reduce CAT-M1 UE power consumption.
CAT-M1 A-MPR results
Power back-off is evaluated relative to 23 dBm output power for NS_04, NS_06, and NS_12.
NS_06: Figure 2 shows measured spectrum PSD versus NS_06 additional SEM requirement. Measurements restricted to sub-PRB allocation Lcsc 2 indicate there is no A-MPR required for NS_06. This result confirms previous simulated [2] and partial measurement data [3]. 
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[bookmark: _Ref511667784][bookmark: _Ref510818857]Figure 2: NS06 measurement
Figure 2: PC3 CAT-M1 PSD versus NS_06 requirements at 0 dB MPR, Lcsc=2, “0” SC offset. Black: measured PA output spectrum, Green: additional SEM. 
NS_12: Figure-3 shows measured spectrum PSD versus NS_12 additional SEM. Measurements indicate 3.5 dB A-MPR is required for NS_12. A-MPR is limited by NS_12 additional spurious emission requirements of -42 dBm/6.25 kHz.
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Figure 3: NS12 measurements
Figure 3: Measured power spectral density (PSD) for CAT-M1 versus NS_12 additional SEM measured at 0 dB A-MPR (left) and 3.5 dB A-MPR (right), with UE transmission bandwidth configuration of 1.4 MHz, Lcsc 2 with 0 SC offset. Black: measured PA output spectrum, Green: SEM.
NS_04: Figure-4 shows measured spectrum PSD versus NS_04 additional SEM. Measurements indicate 1.5 dB A-MPR is required for NS_04. A-MPR is limited by NS_12 additional spurious emission requirements of - 25dBm/1 MHz.
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Figure 4: NS04 measurements
Figure 4: Measured power spectral density (PSD) for CAT-M1 versus NS_04 additional SEM at 0dB A-MPR (left) and 1.5dB A-MPR (right), with UE transmission bandwidth configuration of 1.4 MHz, Lcsc 2 with 0 SC offset Black: measured PA output spectrum, Green: SEM.
Observation 2: For 1.4MHz cell-bandwidth, measurements show that no A-MPR is required for NS_06. A-MPR of 3.5 and 1.5 dB is required for NS_12 and NS_04 respectively for Lcsc=2, Pi/2 BPSK “0” SC offset waveforms.
Conclusions
[bookmark: _GoBack]MPR: Measurements with Lcsc=2, Pi/2 BPSK “0” SC offset waveform confirm previous measurement data [3] with QPSK Lcsc=3 and Lcsc=6 : no MPR is required for 1.4MHz cell bandwidth CAT-M1 devices for sub-PRB feature. This observation is  aligned with simulation data [2].
Partial A-MPR measurements are presented for NS_04, NS_06 and NS_12 for CAT-M1.
Proposal 1: No MPR is needed for 1.4MHz cell bandwidth Cat-M1 devices for sub-PRB feature.
Observation 1: For 1.4MHz cell bandwidth, ACLR margin makes sub-PRB feature a candidate that may reduce CAT-M1 UE power consumption.
Observation 2: For 1.4MHz cell-bandwidth, measurements show that no A-MPR is required for NS_06. A-MPR of 3.5 and 1.5 dB is required for NS_12 and NS_04 respectively for Lcsc=2, Pi/2 BPSK “0” SC offset waveforms.
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