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1. Introduction

It has been confirmed that for the OFDM modulation scheme, as described in the TR25.814, additional FIR filtering and/or windowing is necessary to meet the Spectral Emission Mask. The requirements are harder to meet in the low bandwidth options, particularly at the channel edge. This is discussed, for example, in reference [2] and also confirmed by several other sources.
Reference [1] raises concerns about the effects of RF nonlinearities. Should the imperfections in the power amplifier cause spectral re-growth at the channel edge, even tighter spectral shaping would be required to provide adequate margin for implementation.
In this contribution, the expected PSD of a realistic power amplifier is simulated in the 1.6MHz option. The model contains both, AM/AM and AM/PM effects.  The source signal consists of 96 subcarriers, (24 subcarriers/RB); this is FIR filtered to just fit within the scaled version of the FCC mask. The PSD at the PA output is simulated for various Back-Off values to illustrate the nature of RF impairments.
2. Simulation parameters
	Item
	Value
	Comment

	Used modulation on subcarriers
	QPSK
	

	Number of subcarriers
	96
	    4 Resource Blocks  @ 24 subcarriers/RB case

	BS TX power
	43 dBm
	

	Over-sampling rate
	4x
	7.68 MHz

	BB time window
	none
	

	BB signal spectral shaping
	-25 dB @  800 KHz
	PSD of undistorted signal just fits scaled FCC mask 39taps at 1.92 MHz

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

	Further filtering
	-70dB @ 1 MHz
	Anti-alias filter 

	PA model
	’Soft’ 5th order AM/AM and AM/PM model
	models PA Y=X-0.05X5   

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


Table 1 Simulation setup for 1.6MHz PSD plots
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Figure 1 FIR filter response for 1.6 MHz BW
3. Simulation Results
[image: image2.emf]-45

-35

-25

-15

-5

5

15

25

35

0 500 1000 1500 2000 2500 3000 3500 4000

Frequency[KHz]

PSD [dBm/30KHz]

Scaled FCC mask

11dB B/O

10.5dB B/O

10dB B/O

9.7dB B/O

No distortion


Figure 2  PSD plots at 96 subcarriers 1.6MHz BW  5th order PA characteristics
4. Conclusion
Figure 2 indicates that the spectral re-growth with a realistic PA model violates the mask at 1.8 MHz and not at the channel edge of 800 KHz. Furthermore, it can be shown that the ACLP fails well before the PSD exceeds the emission mask at 800 KHz. Consequently, there is no need to provide substantial margin for the analog effects at the channel edge. 
An open issue is the amount of ISI that is caused by the FIR filtering of figure 1. In this example, the minimum amount of FIR filtering was used to meet the FCC emission mask at the input of the PA.
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