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1. Introduction

RAN1 asked in [1] RAN4 to confirm, whether the current E-UTRA numerology given in TR25.814 is feasible, in particular whether spectrum emission masks given in [2] can be satisfied.  In this contribution the 5MHz LTE downlink signal structure consisting of 12 Resource Blocks, 25 subcarriers per resource block as specified in [3] is taken into account. 

This contribution provides simulation results for spectral re-growth in both, ideal and realistic RF power amplifiers for the 5 MHz channel bandwidth case. It will be shown that the power amplifier does not make the central lobe of the emission mask wider.  

2. Simulation parameters
	Item
	Value
	Comment

	Used modulation on subcarriers
	QPSK
	

	Number of subcarriers
	300
	25*15KHz=375 KHz /RB 12 RB as per reference[3]

	BS TX power
	43 dBm
	

	Over-sampling rate
	4x
	

	BB signal spectral shaping
	21 dB @  2.5 MHz
	61 tap FIR at 7.68 MHz

	Clipping 
	10.5 dB
	Clipper set for 63 dB ACLR 

	PA model
	1)Hard envelope limiter for 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

	PA operating point
	Set for 45,50 and 55dB ACLR
	‘absolute’ spectral masks are plotted for all cases

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


Table 1 Simulation setup for 5MHz PSD plots
3. Simulation Results
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Figure 1 PSD for ideal PA with different ACLR values
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Figure 2 PSD for 'soft' PA without pre-distortion

	ACLR [dB]
	Ideal PA Back-off [dB]
	‘Soft PA’ Back-off [dB]

	63
	10.5
	

	50
	9.6
	10

	45
	9.2
	9.7

	40
	
	9.2


Table 2 PA operating point (Back-Off)
4. Discussion

Figure 1 and figure 2 indicate that that the central lobe of the spectra is not affected by hard limiting or by the soft AM to AM and AM to PM distortion of the PA.  
The limiting parameter in the case of the hard limiter is the compliance with the ACLR value and meeting the spectrum mask at around 5MHz offset. The spectral re-growth runs almost parallel with the frequency axis.

In the case of figure 2, the effect of the gain compression and the phase distortion can be substantially reduced by pre-distortion.  10dB – 15 dB spectral improvement can easily be achieved in practice particularly near to the channel edge; hence the pre-distorted amplifier approaches the characteristics of the ‘ideal’ hard clipping case of figure 1.  

Providing that the input emission mask meets the PSD requirement at 2.5 MHz, the PSD at the PA output will also meet the mask at the channel edge.
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