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1. Introduction

In a previous contribution [1], in Riga, Latvia, the measurement point for measuring EVM was indicated for LTE in the Downlink and results of a semi-analytical approach (given in [3] ) to determine the EVM minimum requirements, for a given system throughput reduction, was presented [2]. These results were based on assumed MCS curves found in [3]. Subsequent, independent, simulations have led to similar MCS curves (which also agree with those in [6]) and which, in turn, lead to similar EVM/throughput requirements).
This contribution indicates the Downlink EVM requirements for a given (5%) throughput loss criteria. 
2. Simulation method
2.1 MCS Curves

To derive MCS curves, the basic, link level simulation parameters were set as given in Table 1.

Table 1: MCS Simulation parameters.

	Parameter
	Value
	Unit
	Comment

	CRC length
	24
	bit
	

	Number of HARQ transmissions
	4
	
	

	Simulated MCS
	1/3 Qpsk

½ Qpsk

2/3 Qpsk

½ 16Qam

2/3 16Qam

5/6 16Qam

2/3 64Qam

5/6 64Qam

9/10 64Qam
	
	

	Bandwidth
	9
	MHz
	

	Number of physical channel bits per subframe (1msec)
	14400 (QPSK)

28800 (16Qam)

43200 (64Qam)
	
	

	Turbo decoding algorithm
	max log map
	
	

	# turbo decoding iterations
	8
	
	

	Channel
	static
	
	

	channel knowledge
	perfect
	
	

	Antenna configuration
	1 Tx, 1 Rx
	
	


Simulation results obtained through link level simulation can, through suitable manipulation, be mapped onto the Normalized system throughput, as seem in Figure 1 
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Figure 1 Throughput curves
Hull Curves can be obtained by performing an appropriate curve fitting technique, e.g. by assuming the Hull Curves will conform to the general formula given in Equation 1;
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	Equation 1


where,  C is the channel capacity (bps/Hz)

            S/N is the signal to noise ratio and

            α and β are “best fit” parameters

For a 9 MHz bandwidth α and β , best fit parameters, are found to be 0.88 and 0.8 respectively

2.2 EVM for 5% Constant Throughput Reduction
In the absence of any transmitter noise, M, the capacity can be taken as in Equation 1. 

Assuming a 5% throughput loss due to the addition of transmitter noise, M, Equation 1 becomes;
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	 Equation 2


The EVM can be defined as the average transmitter noise, M, to the Signal noise, S, (i.e. M/S) and hence solving for this using Equation 1 and Equation 2 results in;
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	 Equation 3


3. Comparison Curves for Different ( values
Using Equation 3, and substituting appropriate values results in the curves indicated in Figure 2. 
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Figure 2 EVM (%) versus S/N (dB), for 5% Throughput Loss, for different ( values
For (=1.0, the average EVM, taking 64QAM as the limiting factor in the above, is 7.05%

For (= 0.8, the average EVM, taking 64QAM as the limiting factor in the above, is 6.9%
4. Conclusions

An approach based on Method 2 of [3] has been adopted indicating EVM requirements for 5% throughput loss.  Selecting the limiting, 64QAM, range of the MCS curves, and using an averaging approach, indicates that an EVM of around 7% for S/N in the range 14dB to 19dB would be suitable for the LTE MCS curves as indicated in Figure 1.
It is noted that this approach assumes all Tx impairments can be replaced by an AWGN noise source at the output of the transmitter.
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