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Introduction

In this contribution link level simulation results are presented for LTE UL as per the assumptions agreed in RAN4 Orlando and Athens meetings [1-4].
Simulation Assumptions and Results
The various cases for which the simulations were performed are listed in Table 1. The main difference between the different cases is the assumed channel model, the number of allocated resource blocks (RB) and the modulation and coding scheme (MCS).

	Test Case 
	Channel Model, RB, MCS

	Case 1
	EVA-5, 1 RB, QPSK rate 1/3

	Case 2
	ETU-70, 1 RB, QPSK rate 1/3

	Case 3
	EPA-5, full RB, QPSK rate 1/3

	Case 4
	EVA-70, full RB, QPSK rate 1/3

	Case 5
	EVA-5, 1 RB, 16QAM rate 3/4

	Case 6
	ETU-70, 1 RB, 16QAM rate 3/4

	Case 7
	EPA-5, full RB, 16QAM rate 3/4

	Case 8
	EVA-70, full RB, 16QAM rate 3/4

	Case 9
	EVA-5, 1 RB, 64QAM rate 5/6

	Case 10
	EPA-5, full RB, 64QAM rate 5/6


Table 1: Simulated test cases
For each of the above cases, a simulation of the achievable throughput as a function of the SNR was performed assuming different system bandwidths. The 10MHz bandwidth was considered in [5]. In this contribution we consider the 1.4MHz, 5MHz, and 20MHz bandwidths. For each of the above cases we provide the 30% and 70% throughput points. Intra-subframe frequency hopping is enabled. 
The simulation parameters for all the cases are given in Table 2.
	Parameter
	Value

	Equalizer
	MMSE

	Timing estimation error
	0

	System Bandwidth
	1.4, 5, 20 MHz

	Allocated RBs
	1, full

	Channel estimator
	ML estimator

	Timing estimation error
	0

	MCS
	QAM64 rate 5/6, QAM16 rate3/4, QPSK rate 1/3

	HARQ
	Max 4 transmissions 

	HARQ combining methods
	IR

	Duplex mode
	FDD

	Frame structure
	Type I

	Cyclic prefix length
	Normal (approx 4.7 us)

	Diversity
	1 Tx, 2 Rx

	Frequency hopping
	Yes


Table 2: Simulation parameters for all cases
The simulation results for cases 1-4 assuming a 1.4MHz system bandwidth are given in Figures 1 and 2 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.
	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	ETU-70, 1 RB
	-5.67
	-1.38

	EVA-5, 1 RB
	-5.78
	-1.48

	EVA-70, 6 RB
	-5.52
	-1.15

	EPA-5, 6 RB
	-5.71
	-1.25


Table 3: 30% and 70% throughput-SNR points for cases a 1-4 assuming 1.4MHz system bandwidth
The simulation results for cases 5-8 assuming a 1.4MHz system bandwidth are given in Figures 3 and 4 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.

	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	ETU-70, 1 RB
	1.96
	10.41

	EVA-5, 1 RB
	1.55
	9.31

	EVA-70, 6 RB
	2.12
	10.16

	EPA-5, 6 RB
	2.01
	9.70


Table 4: 30% and 70% throughput-SNR points for cases 5-8 assuming a 1.4MHz system bandwidth
The simulation results for cases 9 and 10 assuming a 1.4MHz system bandwidth are given in Figures 5 and 6 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.

	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	EVA-5, 1 RB
	5.6492
	16.2283

	EPA-5, 6 RB
	5.9198
	16.0099


Table 5: 30% and 70% throughput-SNR points for cases 9 and 10 assuming a 1.4MHz system bandwidth
The simulation results for cases 1-4 assuming a 5MHz system bandwidth are given in Figures 7 and 8 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.

	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	ETU-70, 1 RB
	-5.67
	-1.66

	EVA-5, 1 RB
	-5.77
	-1.54

	EVA-70, 25 RB
	-4.29
	-0.36

	EPA-5, 25 RB
	-4.42
	-0.14


Table 6: 30% and 70% throughput-SNR points for cases 1-4 assuming a 5MHz system bandwidth
The simulation results for cases 5-8 assuming a 5MHz system bandwidth are given in Figures 9 and 10 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.

	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	ETU-70, 1 RB
	1.78
	10.39

	EVA-5, 1 RB
	1.52
	9.37

	EVA-70, 25 RB
	3.36
	11.20

	EPA-5, 25 RB
	3.33
	10.76


Table 7: 30% and 70% throughput-SNR points for cases 5-8 assuming a 5MHz system bandwidth
The simulation results for cases 9 and 10 assuming a 5MHz system bandwidth are given in Figures 11 and 12 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.

	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	EVA-5, 1 RB
	5.64
	16.62

	EPA-5, 25 RB
	7.63
	17.58


Table 8: 30% and 70% throughput-SNR points for cases 9 and 10 assuming a 5MHz system bandwidth
The simulation results for cases 1-4 assuming a 20MHz system bandwidth are given in Figures 13 and 14 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.

	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	ETU-70, 1 RB
	-5.73
	-1.52

	EVA-5, 1 RB
	-5.84
	-1.71

	EVA-70, 100 RB
	-4.27
	-0.45

	EPA-5, 100 RB
	-4.25
	-0.30


Table 9: 30% and 70% throughput-SNR points for cases 1-4 assuming a 20MHz system bandwidth
The simulation results for cases 5-8 assuming a 20MHz system bandwidth are given in Figures 15 and 16 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.

	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	ETU-70, 1 RB
	1.78
	10.47

	EVA-5, 1 RB
	1.62
	9.54

	EVA-70, 100 RB
	3.27
	11.50

	EPA-5, 100 RB
	3.11
	11.16


Table 10: 30% and 70% throughput-SNR points for cases 5-8 assuming a 20MHz system bandwidth
The simulation results for cases 9 and 10 assuming a 20MHz system bandwidth are given in Figures 17 and 18 in the appendix. The following table summarizes the 30% and 70% throughput-SNR points.

	Channel Model, RB
	30% Throughput-SNR Point (dB)
	70% Throughput-SNR Point (dB)

	EVA-5, 1 RB
	5.62
	16.49

	EPA-5, 100 RB
	7.77
	18.03


Table 11: 30% and 70% throughput-SNR points for cases 9 and 10 assuming a 20MHz system bandwidth
Appendix I
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Figure 1: Cases 1,2 throughput as a function of the SNR assuming a 1.4MHz system bandwidth
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Figure 2: Cases 3,4 throughput as a function of the SNR assuming a 1.4MHz system bandwidth
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Figure 3: Cases 5,6 throughput as a function of the SNR assuming a 1.4MHz system bandwidth
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Figure 4: Cases 7,8 throughput as a function of the SNR assuming a 1.4MHz system bandwidth
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Figure 5: Case 9 throughput as a function of the SNR assuming a 1.4MHz system bandwidth
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Figure 6: Case 10 throughput as a function of the SNR assuming a 1.4MHz system bandwidth
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Figure 7: Cases 1,2 throughput as a function of the SNR assuming a 5MHz system bandwidth
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Figure 8: Cases 3,4 throughput as a function of the SNR assuming a 5MHz system bandwidth
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Figure 9: Cases 5,6 throughput as a function of the SNR assuming a 5MHz system bandwidth
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Figure 10: Cases 7,8 throughput as a function of the SNR assuming a 5MHz system bandwidth
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Figure 11: Case 9 throughput as a function of the SNR assuming a 5MHz system bandwidth
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Figure 12: Case 10 throughput as a function of the SNR assuming a 5MHz system bandwidth

[image: image13.emf]-8 -6 -4 -2 0 2 4 6

0

10

20

30

40

50

60

70

80

90

100

20 MHz BW, 1 RB, QPSK rate 1/3, and intra-subframe frequency hopping

SNR (dB)

Throughput (Kbps)

 

 

ETU-70

EVA-5


Figure 13: Cases 1,2 throughput as a function of the SNR assuming a 20MHz system bandwidth

[image: image14.emf]-8 -6 -4 -2 0 2 4 6

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

20 MHz BW, 100 RB, and QPSK rate 1/3

SNR (dB)

Throughput (Kbps)

 

 

EPA-5

EVA-70


Figure 14: Cases 3,4 throughput as a function of the SNR assuming a 20MHz system bandwidth
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Figure 15: Cases 5,6 throughput as a function of the SNR assuming a 20MHz system bandwidth
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Figure 16: Cases 7,8 throughput as a function of the SNR assuming a 20MHz system bandwidth
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Figure 17: Case 9 throughput as a function of the SNR assuming a 20MHz system bandwidth
[image: image18.emf]0 5 10 15 20 25

0

1

2

3

4

5

6

7

8

x 10

4

20 MHz BW, 100 RB, and 64QAM rate 5/6

SNR (dB)

Throughput (Kbps)

 

 

EPA-5


Figure 18: Case 10 throughput as a function of the SNR assuming a 20MHz system bandwidth
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