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1. Introduction

Reference [1] indicates that it is not possible to meet the FCC mask with 75 sub-carriers in the 1.25 MHz bandwidth option, even with time domain windowing over the whole CP. Reference [2] concludes that time domain windowing is unsuitable for 1.25 MHz, and that the preferred method is FIR filtering to meet the tight spectral emission mask.
In this contribution, the expectable PSD of a hard-limiting pre-distorted power amplifier is simulated. The input signal is FIR filtered to provide a margin of 8dB over the FCC mask at 625 KHz, and the PSD at the PA output is simulated for various Back-Off values. The performance of a soft limiting amplifier is also simulated to show the performance of a typical device without pre-distortion. The soft-limiting model contains both, AM/AM and AM/PM effects. 

RAN4 has not yet agreed on a spectrum emission mask for 1.25 MHz LTE bandwidth. For the purpose of this document, emission limits according to FCC part 24 are assumed.
2. Simulation parameters
	Item
	Value
	Comment

	Used modulation on subcarriers
	QPSK
	

	Number of subcarriers
	76
	    3 Resource Blocks  @ 25 subcarriers/RB

	BS TX power
	43 dBm
	

	Over-sampling rate
	4x
	7.68 MHz

	BB time window
	none
	

	BB signal spectral shaping
	-35 dB @  625 KHz
	Provides a margin of ~8dB at 625 KHz

	Clipping 
	No clipping before PA
	PSD simulated at various Back-Off values

	Further filtering
	-70dB @ 1.625 MHz
	Anti-alias filter 

	PA model
	1)Hard limiter AM/AM 
2)’Soft’ 5th order AM/AM and AM/PM model
	models PA with perfect PD
models PA without PD Y=X-0.05X5

	Memory effect 
	Not modelled
	This only affects re-growth at higher rates and far out


Table 1 Simulation setup for 1.25MHz PSD plots
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Figure 1 FIR filter response
3. Simulation Results
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Figure 2  PSD plots at 76 subcarriers 1.25MHz BW hard-limiting PA
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Figure 3   PSD plots at 76 subcarriers 1.25MHz BW soft-limiting PA
4. Discussion

The simulation shows, that the ideal, hard-limiting amplifier does not produce significant spectral re-growth at 625 KHz even at 9.5dB Back-Off.   The soft-limiting amplifier without Pre-Distortion requires slightly more, 10dB BO, but in practice the PD achieves at least 15 dB improvement at the channel edge. The RF impairments do not widen the central lobe of the spectra 
An open issue is the amount of ISI that is caused by the FIR filtering of figure 1.  Ultimately this will determine whether the emission limits with the proposed 25 subcarriers per RB can be met.
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