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1 Introduction

For the system level evaluation, it is required to predict link error performance based on reference link curve. The other possible way is to get all kind of the link results. But it is hard to get all the link results considering coding rate, modulation order, channel model, and so on. And it is very time consuming job. Thus, during the OFDM SI effective SIR mapping function is used for the evaluation, which is briefly described in section 2.1. 
For the EUTRA system SC-FDMA and OFDMA are considered candidates for multiple access scheme. Although the link error prediction for OFDMA is verified and used well, the one for SC-FDMA is not.
Therefore, in this document we show the SNR analysis and performance of link error prediction method for SC-FDMA, in addition to EESM(Exponential Effective SIR Mapping) for OFDMA.
2 SNR analysis
2.1 SNR for OFDMA
In [1] the effective SIR mapping function for OFDMA, called EESM (Exponential Effective SIR Mapping), is defined as follows. 
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where 
[image: image2.wmf]b

 is a parameter that must be optimized from link-level simulation results for every modulation and coding rate combination. Nu is the number of useful sub-carriers and 
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 is SIR for each sub-carrier k.
2.2 SNR derivation for SC-FDMA
The modulated symbol vector is defined as s, 
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,and x is the Discrete Fourier Transform (DFT) of s given as:
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where 
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is DFT matrix, i.e.
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If we assume M receive antennas, the received symbol vectors in frequency domain are
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where  
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 is frequency domain channel response and 
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is AWGN element in frequency domain for the m-th antenna. The noise variance is 
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Before the frequency domain equalization, the maximal ratio combined (MRC) signal y is obtained as, 
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where 
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Assuming 1-tap equalizer, the equalization weight is denoted as 
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. Then, the equalized received symbol vector is
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After the IDFT(Inverse Discrete Fourier Transform) of z, the estimated symbol 
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For the convenience, the followings are defined.
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Taking into account above notation, 
[image: image20.wmf]s

ˆ

is represented as
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For the k-th sub-carrier, the estimated symbol 
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Therefore SNR of estimated symbol 
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where 
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For the MMSE equalizer, the equalization weight for the MRC signal is
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And if we assume perfect channel estimation and perfect SNR estimation the SNR is
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(12)
Finally, the SNR assuming MMSE equalizer is 
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where 
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3 Simulation
3.1 Simulation setup
The detailed simulation parameters and assumptions are given in [2] and copied as below in Figure 1 and Tables 1-3. Table 4 shows the beta values depending on modulation order and code rate, taken from [1]. In this simulation, the transmission bandwidth is 5MHz. 
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Figure 1 Sub-frame format with two short blocks/sub-frame
Table 1 Parameters for Uplink Transmission Scheme using BW efficiency of ~90%
	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1*


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 reference signal or data blocks and (x2/y2) for n2 reference signal or data blocks

*2: FFT size = samples
Table 2 Simulation assumptions
	Propagation Channel
	AWGN, TU 3km/h

	Channel Estimation
	Ideal

	Number of Rx. Antenna 
	2 

	Channel coding
	Turbo code R=1/3, 1/2, 2/3, 3/4, 4/5

	Modulation
	QPSK, 16QAM

	HARQ
	No


Table 3 MCS table
	Modulation
	Code Rate
	Data rate[kbps]

	QPSK
	1/3
	2400

	
	1/2
	3600

	
	2/3
	4800

	
	3/4
	5400

	
	4/5
	5760

	16 QAM
	1/3
	4800

	
	1/2
	7200

	
	2/3
	9600

	
	3/4
	10800

	
	4/5
	11520


Table 4 β parameter in the Exponential Effective SIR Mapping (EESM)
	Modulation
	Code Rate
	β

	QPSK
	1/3
	1.49

	
	1/2
	1.57

	
	2/3
	1.69

	
	3/4
	1.69

	
	4/5
	1.65

	16QAM
	1/3
	3.36

	
	1/2
	4.56

	
	2/3
	6.42

	
	3/4
	7.33

	
	4/5
	7.68


3.2 Performance of link error prediction for OFDMA
Figure 2 and 3 show the EESM performance for OFDMA. Each one is for QPSK and 16QAM, respectively. In the figures the solid lines represent the reference AWGN curves for each MCS level, and the dotted lines represent the effective SIR mapping results using EESM. For the low code rate, effective SIR obtained by EESM method fits to the reference curve well. But for the higher code rate, there is about 0.6dB difference.
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Figure 2 Reference BLER curves in an AWGN channel and EESM performance (QPSK)
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Figure 3 Reference BLER curves in an AWGN channel and EESM performance (16QAM)
3.3 Performance of link error prediction for SC-FDMA

 Figure 4 and 5 shows the effective SIR performance for SC-FDMA for the cases of QPSK and 16QAM, respectively. In the figures the solid lines represent the reference AWGN curves for different MCS levels, and the dotted lines represent the effective SIR mapping results based on Eq. (13). For the low code rate, this method maps effective SIR well on the reference curve. But for the higher code rate there is about 0.8dB difference, as similar to the case of OFDMA shown in Section 3.2.

[image: image35.emf]Effective SIR mapping: SC-FDMA
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Figure 4 Reference BLER curves in an AWGN channel and effective SIR mapping performance (QPSK)
[image: image36.emf]Effective SIR mapping: SC-FDMA
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Figure 5 Reference BLER curves in an AWGN channel and effective SIR mapping performance (16QAM)
4 Conclusion
In this document we have shown an expression for an effective SIR for SC-FDMA and simulation results based on the derived equation are given. According to the simulation results, the respective effective SIR mapping methods for OFDMA and SC-FDMA show the similar performance. And more exact fitting for the cases of high code rates is for further study.
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