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Introduction
At RAN4 #86, a way forward [1] encourages companies to submit MPR and A-MPR results for CAT-M1 for sub-PRB allocation according to agreements in RAN 1 [2].
In this paper, measurements performed on a power amplifier (PA) are used to evaluate the impact of sub-PRB allocation on MPR and A-MPR versus a limited subset of NS values presented in [3].
Discussion
Background
In [3], it was shown that no MPR is needed for CAT-M1 devices for sub-PRB allocation. In [3], simulation results of A-MPR for CAT-M1 for NS_04, NS_06, NS_12 and NS_38 are also presented. Due to lack of time, this contribution focuses on crosschecking some simulation results in [3] with a restricted set of sub-carrier length (Lcsc) all positioned at offset “0”. MPR and A-MPR are estimated using a commercial NB-IoT PA.
Measurement Setup
Measurement Conditions
The input signal used for power amplifier measurements are aligned with [3] to meet the following RF transceiver impairments:
· IQ image rejection : -25 dBc 
· LO leakage: -25 dBc
· Counter-IM3 : not used

Measurements are performed at a carrier frequency of 850 MHz channel centre frequency. Measurement focusses on meeting SEM mask and band specific requirements associated with each tested NS value.
The measured device is an LTE Cat0 IoT low band module including the PA, low pass filtering (LPF) and T/R switch (SWT). The output of the module is thus representative of the performance at the UE antenna connector. The PA has a fully programmable bias current which is adjusted to calibrate PA linearity. The PA is calibrated using a QPSK 1.4 MHz transmission bandwidth so that ACLR compliance is met with 1 dB back-off. 
	Tested Waveforms
Given the limited time and the several remaining FFS parameters for sub-PRB feature [2], measurements have been performed using only QPSK modulation and sub-carrier allocations/length (Lcsc) of 3, 6 and 12 subcarriers (SC). Lcsc of 12 SC is used here to check performance against legacy requirements. Since PSD increases as the number of SC is decreased, the measurements obtained with 3SC waveforms do not represent the worst case scenario due to missing 2 SC waveform definition. 
PRB offset is set to position “0” for all measurements, and within this PRB, SC are positioned at offset “0”, i.e. at the lowest possible location in the spectral domain.
MPR Results
Figure 1 below shows the measured PSD with 3 SC waveform vs LTE general spectrum emission mask (SEM) for PC3 CAT-M1. Measurements show that no MPR is needed for PC3 CAT-M1 devices for different channel bandwidth and Lcsc= 3, 6 with sc offset =0. Lcsc =2 test cases should be measured as soon as waveform definition is available.
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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, 3 sub-carrier length allocation with 0 SC offset. Black: measured PA output spectrum, Green: LTE general SEM.
[bookmark: _Hlk506143753]Observation 1: Measurements confirm simulated data presented in [3]: no MPR is needed for CAT-M1 devices using Lcsc 3, 6 sub-PRB allocation. The impact of increased PSD due to 2 SC allocation is FFS when waveform details are agreed.
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 3, 6 indicate there is no A-MPR required for NS_06. Impact of sub-PRB allocation Lcsc 2 is FFS.
[image: ] 
[bookmark: _Ref511667784][bookmark: _Ref510818857]Figure 2: NS06 measurement
Figure 2: PC3 CAT-M1 PSD vs NS_06 requirements at 0 dB MPR, Lcsc=3, “0” SC offset. Black: measured PA output spectrum, Green: additional SEM. 
NS_12: Figure-3 shows measured spectrum PSD versus NS_12 additional SEM and general SEM requirements. Measurements restricted to sub-PRB allocation Lcsc 3,6 indicate 5 dB A-MPR is required for NS_12. Impact of sub-PRB allocation Lcsc 2 is FFS. 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 vs NS_12 additional SEM and general SEM measured at 0dB A-MPR (left) and 5dB A-MPR (right), with UE transmission bandwidth configuration of 1.4 MHz, 3 subcarrier length allocation with 0 SC offset Black: measured PA output spectrum, Green: SEM.
NS_04: Figure-4 shows measured spectrum PSD vs NS_04 additional SEM and additional spurious requirements. Measurements restricted to sub-PRB allocation Lcsc 3,6 indicate 1.5 dB A-MPR is required for NS_04. Impact of sub-PRB allocation Lcsc 2 is FFS. 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 and additional spurious emission masks at 0dB A-MPR (left) and 1.5dB A-MPR (right), with UE transmission bandwidth configuration of 1.4 MHz, 3 subcarrier length allocation with 0 SC offset Black: measured PA output spectrum, Green: additional spurious, Blue: additional emission mask.
Observation-2: Measurements show that no A-MPR is required for NS_06. A-MPR of 5 and 1.5 dB is required for NS_12 and NS_04 respectively. The impact of increased PSD due to 2 SC allocation is FFS.
Conclusions
MPR measurements are presented for CAT-M1 device with following observations: 
Partial A-MPR measurements are presented for NS_04, NS_06 and NS_12 for CAT-M1.
Observation-1: Measurements confirm simulated data presented in [3]: no MPR is needed for CAT-M1 devices using Lcsc 3, 6 sub-PRB allocation. The impact of increased PSD due to 2 SC allocation is FFS when waveform details are agreed.
Observation-2: Measurements show that no A-MPR is required for NS_06. A-MPR of 5 and 1.5 dB is required for NS_12 and NS_04 respectively. The impact of increased PSD due to 2 SC allocation is FFS.
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