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1 Introduction
In a liaison statement to RAN WG1 [1], RAN4 indicated the status of the discussion in RAN4 on spectrum shaping, spectrum emission mask (SEM), and current LTE numerology. The general RAN4 agreement was that current LTE numerology for 5 MHz [2] is feasible in meeting UTRA SEM. 

While several spectrum shaping techniques, such as time windowing, FIR filtering, reduction of number of sub-carriers and reduction in power per sub-carrier, were discussed in last meeting, FIR filtering was shown to be effective [3,4]. However, there was no agreement on the specific technique. On the other hand, it is also questionable for the need to standardize the spectrum shaping technique, as SEM requirements are not defined at this stage. However, there would be some form of mechanism to control out-of-band (OOB) emission, and the effective spectrum shaping technique is in-evitable, whether it is standardized or not. The effective spectrum shaping technique should:

· preserve bandwidth efficiency/maximum throughput (ex., low EVM degradation) 
· be robust to spectrum re-growth due to PA non-linearity

· have less complexity

This paper further analyses the effectiveness of the various spectrum shaping techniques for E-UTRA DL 5 MHz signal, and their impacts on EVM degradation with PA back-offs. 
2 Simulation assumptions
SEM has not yet been defined for any E-UTRA bandwidth mode. DL UTRA SEM defined for 5 MHz in [5] is considered in this paper. EVM is evaluated in this contribution based on frequency domain symbols. 

Table 1: Simulation Parameters for evaluation of 5 MHz bandwidth mode

	Item
	Value
	Comment

	LTE Numerology
	TR25.814, Table 7.1.1-1 [3]
	

	Used modulation on sub-carriers
	QPSK
	

	Number of subcarriers
	300
	    

	BS TX power
	43 dBm
	

	Spectrum mask
	5MHz UTRA SEM
	TS25.104

	Spectrum shaping methods
	(1) FIR filtering
	

	
	(2) FIR filtering with time domain windowing
	

	
	(3) Time windowing 
	

	Over-sampling rate
	4x
	

	Clipping 
	No clipping before PA
	

	PA model
	Sixth order polynomial model
	Realistic PA

	PAPR reduction 
	Not implemented
	

	PA output back-off (OBO)
	10dB
	

	EVM
	Varied
	Measured in frequency domain

	Analog impairments
	Not modeled
	


3 Simulation results and discussion
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Figure 1: Comparison of various spectrum shaping methods with OBO = 10dB 
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Figure 2: Variation of power spectrum with FIR taps with OBO=10dB
4 Conclusions

Results from Figure 1 shows that FIR filtering and/or windowing is an effective way to shape the spectrum to meet the spectrum mask. We propose not to standardize the spectrum shaping technique, and the implementation should be able meet the “to be agreed spectrum mask” and/or any other OOB control measure.
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