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1 Introduction
At last RAN4 #44 meeting in Athens, simulation assumption of PUSCH demodulation performance for LTE eNode B was agreed. This document presents the link-level simulation results for PUSCH demodulation performance of LTE eNode B based on the assumptions agreed in [1]-[3]. The detailed throughput values are included in the template file provided by Ericsson [4].

2 Simulation Assumptions 
Table 1 summarizes the simulation assumptions used in this test. Simulation parameters are listed in [1]. In all simulations, the CRC 24 bits are excluded when measuring the throughput. 
Table 1:  Simulation Assumptions

	Parameter
	Value

	Channel model
	EPA5 / EVA5 / EVA70 / ETU70 

	HARQ
	On with IR combining

	Maximum number of HARQ transmissions
	4

	Number of HARQ processes
	6

	Error Correction Code
	Turbo Code (Rel -6), QPP Interleaver 

	Bandwidth allocation (MHz)
	1.4MHz / 3.0MHz /5.0MHz /10MHz /15MHz /20MHz

	Cyclic prefix length
	Normal

	Number of occupied Resource block 
	Single RB / Full RB

	Channel estimation
	ML

	Equalizer
	Frequency domain MMSE equalizer

	Diversity Antenna
	1 Tx,  2 / 4 Rx antennas

	Frequency hopping (single RB)
	On (random hopping at each subframe)

	Ioc
	AWGN only


3 Simulation Results
3.1 Simulation Results for 2 receive antenna

SNR points of relative throughput 30%, 70 % for 2 Rx antenna case are shown through Table 2 to Table 7. Figure 1-6 show absolute throughput simulation result of  2 Rx antenna case
Table 2:  SNR point of relative throughput 30% / 70% for 1.4MHz (2Rx)

	BW
	RB size
	Channel
	Modulation
	30%
	70%

	1.4MHz
	1 RB
	EVA 5
	QPSK 
	-4.3
	0.2

	
	
	
	16QAM
	3.7
	10.3

	
	
	
	64QAM
	8.5
	17

	
	
	ETU 70
	QPSK 
	-4.5
	0.2

	
	
	
	16QAM
	3.4
	11

	
	
	
	64QAM
	8.5
	18.4

	
	Full RB
	EPA 5
	QPSK 
	-5.2
	-1.7

	
	
	
	16QAM
	2.9
	8.4

	
	
	
	64QAM
	8.2
	15.2

	
	
	EVA 70
	QPSK 
	-5.1
	-0.8

	
	
	
	16QAM
	2.9
	10

	
	
	
	64QAM
	8.3
	17.3


Table 3: SNR point of relative throughput 30% / 70% for 3MHz (2Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	3MHz
	1 RB
	EVA 5
	QPSK 
	-4.5
	-0.1

	
	
	
	16QAM
	3.3
	10.6

	
	
	
	64QAM
	8.4
	17.4

	
	
	ETU 70
	QPSK 
	-4.1
	0.5

	
	
	
	16QAM
	3.6
	11.4

	
	
	
	64QAM
	8.6
	18.7

	
	Full RB
	EPA 5
	QPSK 
	-5.7
	-1.9

	
	
	
	16QAM
	4.2
	9.4

	
	
	
	64QAM
	8.9
	15.9

	
	
	EVA 70
	QPSK 
	-5.7
	-1.6

	
	
	
	16QAM
	4.2
	10.8

	
	
	
	64QAM
	8.8
	17.9


Table 4: SNR point of relative throughput 30% / 70% for 5MHz (2Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	5MHz
	1 RB
	EVA 5
	QPSK 
	-4.5
	-0.1

	
	
	
	16QAM
	3.3
	10.5

	
	
	
	64QAM
	8.3
	17.2

	
	
	ETU 70
	QPSK 
	-4.3
	0.4

	
	
	
	16QAM
	3.5
	11.3

	
	
	
	64QAM
	8.4
	18.6

	
	Full RB
	EPA 5
	QPSK 
	-6.3
	-2.5

	
	
	
	16QAM
	2.5
	8.5

	
	
	
	64QAM
	8
	15.5

	
	
	EVA 70
	QPSK 
	-5.8
	-1.7

	
	
	
	16QAM
	2.6
	10.5

	
	
	
	64QAM
	8.5
	18.3


Table 5: SNR point of relative throughput 30% / 70% for 10MHz (2Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	10MHz
	1 RB
	EVA 5
	QPSK 
	-4.5
	0.3

	
	
	
	16QAM
	3.5
	10.9

	
	
	
	64QAM
	8.4
	17.6

	
	
	ETU 70
	QPSK 
	-4.2
	0.5

	
	
	
	16QAM
	3.5
	11.2

	
	
	
	64QAM
	8.5
	18.5

	
	Full RB
	EPA 5
	QPSK 
	-6.4
	-3

	
	
	
	16QAM
	2.5
	8.7

	
	
	
	64QAM
	8
	15.9

	
	
	EVA 70
	QPSK 
	-6.2
	-2

	
	
	
	16QAM
	2.4
	10.5

	
	
	
	64QAM
	8.2
	18.6


Table 6: SNR point of relative throughput 30% / 70% for 15MHz (2Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	15MHz
	1 RB
	EVA 5
	QPSK 
	-4.3
	0.2

	
	
	
	16QAM
	3.6
	11

	
	
	
	64QAM
	8.5
	17.6

	
	
	ETU 70
	QPSK 
	-4.3
	0.5

	
	
	
	16QAM
	3.8
	11.3

	
	
	
	64QAM
	8.5
	18.8

	
	Full RB
	EPA 5
	QPSK 
	-6.7
	-3.4

	
	
	
	16QAM
	2
	8.6

	
	
	
	64QAM
	7.3
	15.8

	
	
	EVA 70
	QPSK 
	-6.5
	-2.2

	
	
	
	16QAM
	2.3
	10.5

	
	
	
	64QAM
	8.3
	18.5


Table 7: SNR point of relative throughput 30% / 70% for 20MHz (2Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	20MHz
	1 RB
	EVA 5
	QPSK 
	-4.3
	0.2

	
	
	
	16QAM
	3.4
	11

	
	
	
	64QAM
	8.3
	17.6

	
	
	ETU 70
	QPSK 
	-4.1
	0.7

	
	
	
	16QAM
	3.7
	11.5

	
	
	
	64QAM
	8.8
	19

	
	Full RB
	EPA 5
	QPSK 
	-6.6
	-3

	
	
	
	16QAM
	2.2
	9.2

	
	
	
	64QAM
	7.9
	16.4

	
	
	EVA 70
	QPSK 
	-6.4
	-2.2

	
	
	
	16QAM
	2.5
	10.6

	
	
	
	64QAM
	8.2
	18.8
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Figure 1. Throughput vs. Es/No for 1.4MHz (a) 1RB (b) Full RB (2 Rx)
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Figure 2. Throughput vs. Es/No for 3MHz (a) 1RB (b) Full RB (2 Rx)
[image: image5.emf]0

100

200

300

400

500

600

700

-20 -15 -10 -5 0 5 10 15 20 25 30 35

5MHz 1RB QPSK EVA5 ML

MMSE RX 2

5MHz 1RB 16QAM EVA5 ML

MMSE RX 2

5MHz 1RB 64QAM EVA5 ML

MMSE RX 2

5MHz 1RB QPSK ETU70 ML

MMSE RX 2

5MHz 1RB 16QAM ETU70

ML MMSE RX 2

5MHz 1RB 64QAM ETU70

ML MMSE RX 2


(a)

[image: image6.emf]0

2000

4000

6000

8000

10000

12000

14000

16000

18000

-20 -15 -10 -5 0 5 10 15 20 25 30 35

5MHz 25RB QPSK EPA5 ML

MMSE RX 2

5MHz 25RB 16QAM EPA5

ML MMSE RX 2

5MHz 25RB 64QAM EPA5

ML MMSE RX 2

5MHz 25RB QPSK EVA70

ML MMSE RX 2

5MHz 25RB 16QAM EVA70

ML MMSE RX 2

5MHz 25RB 64QAM EVA70

ML MMSE RX 2


(b)

Figure 3. Throughput vs. Es/No for 5MHz (a) 1RB (b) Full RB (2 Rx)
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Figure 4. Throughput vs. Es/No for 10MHz (a) 1RB (b) Full RB (2 Rx)
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Figure 5. Throughput vs. Es/No for 15MHz (a) 1RB (b) Full RB (2 Rx)
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Figure 6. Throughput vs. Es/No for 20MHz (a) 1RB (b) Full RB (2 Rx)

3.2 Simulation results for 4 receive antenna

SNR point of relative throughput 30%, 70 % for 4 Rx antenna case are shown in Table 8 to Table 13. And absolute throughput results for 4 Rx case are shown in Figure 7-12. 

Table 8: SNR point of relative throughput 30% / 70% for 1.4MHz (4Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	1.4MHz
	1 RB
	EVA 5
	QPSK 
	-6.4
	-3

	
	
	
	16QAM
	0.9
	6.5

	
	
	
	64QAM
	5
	13.3

	
	
	ETU 70
	QPSK 
	-6.4
	-3

	
	
	
	16QAM
	0.5
	6.5

	
	
	
	64QAM
	4.5
	13.3

	
	Full RB
	EPA 5
	QPSK 
	-7.1
	-4

	
	
	
	16QAM
	-0.3
	5.5

	
	
	
	64QAM
	4.7
	12.7

	
	
	EVA 70
	QPSK 
	-7.1
	-3.8

	
	
	
	16QAM
	0.1
	6.1

	
	
	
	64QAM
	4.3
	12.9


Table 9: SNR point of relative throughput 30% / 70% for 3MHz (4Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	3MHz
	1 RB
	EVA 5
	QPSK 
	-6.4
	-3

	
	
	
	16QAM
	0.5
	6.7

	
	
	
	64QAM
	4.5
	13.3

	
	
	ETU 70
	QPSK 
	-6.2
	-2.7

	
	
	
	16QAM
	0.7
	7.2

	
	
	
	64QAM
	4.7
	13.7

	
	Full RB
	EPA 5
	QPSK 
	-7.9
	-4.8

	
	
	
	16QAM
	-0.5
	5.5

	
	
	
	64QAM
	4.4
	11.8

	
	
	EVA 70
	QPSK 
	-7.9
	-4.3

	
	
	
	16QAM
	-0.7
	6.4

	
	
	
	64QAM
	4.4
	13.2


Table 10: SNR point of relative throughput 30% / 70% for 5MHz (4Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	5MHz
	1 RB
	EVA 5
	QPSK 
	-6.5
	-3

	
	
	
	16QAM
	0.4
	6.8

	
	
	
	64QAM
	4.3
	13.2

	
	
	ETU 70
	QPSK 
	-6.2
	-2.5

	
	
	
	16QAM
	0.7
	7.2

	
	
	
	64QAM
	4.6
	13.7

	
	Full RB
	EPA 5
	QPSK 
	-8.2
	-5.3

	
	
	
	16QAM
	-0.5
	5

	
	
	
	64QAM
	4.2
	11.9

	
	
	EVA 70
	QPSK 
	-8.2
	-4.7

	
	
	
	16QAM
	-0.7
	6

	
	
	
	64QAM
	4.2
	13.3


Table 11: SNR point of relative throughput 30% / 70% for 10MHz (4Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	10MHz
	1 RB
	EVA 5
	QPSK 
	-6.4
	-2.7

	
	
	
	16QAM
	0.8
	7.1

	
	
	
	64QAM
	4.6
	13.8

	
	
	ETU 70
	QPSK 
	-6.3
	-2.7

	
	
	
	16QAM
	0.8
	7.3

	
	
	
	64QAM
	4.7
	13.9

	
	Full RB
	EPA 5
	QPSK 
	-8.5
	-5.7

	
	
	
	16QAM
	-0.6
	5.4

	
	
	
	64QAM
	4.7
	12.2

	
	
	EVA 70
	QPSK 
	-8.5
	-5

	
	
	
	16QAM
	-0.8
	6

	
	
	
	64QAM
	4.2
	13.3


Table 12: SNR point of relative throughput 30% / 70% for 15MHz (4Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	15MHz
	1 RB
	EVA 5
	QPSK 
	-6.4
	-2.6

	
	
	
	16QAM
	0.7
	7.2

	
	
	
	64QAM
	5
	13.5

	
	
	ETU 70
	QPSK 
	-6.4
	-2.5

	
	
	
	16QAM
	0.8
	7.4

	
	
	
	64QAM
	5
	14.1

	
	Full RB
	EPA 5
	QPSK 
	-9
	-6

	
	
	
	16QAM
	-0.8
	5.2

	
	
	
	64QAM
	4
	12

	
	
	EVA 70
	QPSK 
	-8.7
	-5.5

	
	
	
	16QAM
	-1
	5.9

	
	
	
	64QAM
	4
	13.5


Table 13: SNR point of relative throughput 30% / 70% for 20MHz (4Rx)
	BW
	RB size
	Channel
	Modulation
	30%
	70%

	20MHz
	1 RB
	EVA 5
	QPSK 
	-6.5
	-2.6

	
	
	
	16QAM
	0.8
	7.3

	
	
	
	64QAM
	4.5
	14

	
	
	ETU 70
	QPSK 
	-6.4
	-2.5

	
	
	
	16QAM
	0.8
	7.6

	
	
	
	64QAM
	4.6
	14.2

	
	Full RB
	EPA 5
	QPSK 
	-9.2
	-5.9

	
	
	
	16QAM
	-0.7
	5.5

	
	
	
	64QAM
	4.5
	12.3

	
	
	EVA 70
	QPSK 
	-9
	-5.7

	
	
	
	16QAM
	-0.8
	6

	
	
	
	64QAM
	4.3
	13.2


[image: image13.emf]0

100

200

300

400

500

600

700

-15 -10 -5 0 5 10 15 20 25 30

1.4MHz 1RB QPSK EVA5 ML

MMSE RX 4

1.4MHz 1RB 16QAM EVA5

ML MMSE RX 4

1.4MHz 1RB 64QAM EVA5

ML MMSE RX 4

1.4MHz 1RB QPSK ETU70

ML MMSE RX 4

1.4MHz 1RB 16QAM ETU70

ML MMSE RX 4

1.4MHz 1RB 64QAM ETU70

ML MMSE RX 4


(a)

[image: image14.emf]0

500

1000

1500

2000

2500

3000

3500

4000

4500

-20 -15 -10 -5 0 5 10 15 20 25 30 35

1.4MHz 6RB QPSK EPA5 ML

MMSE RX 4

1.4MHz 6RB 16QAM EPA5

ML MMSE RX 4

1.4MHz 6RB 64QAM EPA5

ML MMSE RX 4

1.4MHz 6RB QPSK EVA70

ML MMSE RX 4

1.4MHz 6RB 16QAM EVA70

ML MMSE RX 4

1.4MHz 6RB 64QAM EVA70

ML MMSE RX 4
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Figure 7. Throughput vs. Es/No for 1.4MHz (a) 1RB (b) Full RB (4 Rx)
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Figure 8. Throughput vs. Es/No for 3MHz (a) 1RB (b) Full RB (4 Rx)
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(b)

Figure 9. Throughput vs. Es/No for 5MHz (a) 1RB (b) Full RB (4 Rx)
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(b)

Figure 10. Throughput vs. Es/No for 10MHz (a) 1RB (b) Full RB (4 Rx)
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(b)

Figure 11. Throughput vs. Es/No for 15MHz (a) 1RB (b) Full RB (4 Rx)
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Figure 12. Throughput vs. Es/No for 20MHz (a) 1RB (b) Full RB (4 Rx)
4 Conclusions

In this contribution, LTE PUSCH demodulation performances based on the revised assumption are shown. It is suggested that these simulation results are compared with those of other companies to determine the SNR requirements.
References
[1] R4-071482, “PUSCH simulation assumptions for eNodeB demodulation requirement”, CATT, Ericsson, LGE, Motorola
[2] R4-070983, “Common simulation assumptions for eNodeB demodulation requirements”, Ericsson
[3] R4-071117, “ LTE BS demodulation performance: Adhoc minutes”, Ericsson
[4] RAN4 Reflector discussion 2nd  October 2007, “Template for PUSCH Results”, Ericsson































































