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1 Introduction
This document presents the link-level simulation results for LTE eNode B demodulation performance based on the assumptions agreed in [1] and [2]. 
2 Simulation Assumptions 
Table 1 summarizes the simulation assumptions used in this test. Simulation parameters are listed in Table 2. In all simulations, the CRC 24 bits are included when measuring the throughput. Frequency hopping pattern used is shifting the RB by one at each subframe.
Table 1:  Simulation Assumptions

	Parameter
	Value

	Channel model
	ETU (Extended Typical Urban)

	Terminal speed 
	30 km/h 

	Carrier frequency
	2.6 GHz

	HARQ
	On with chase combining

	Maximum number of HARQ transmissions
	4

	Number of HARQ processes
	6

	Error Correction Code
	Turbo Code, QPP Interleaver 

	Bandwidth allocation (MHz)
	10

	Cyclic prefix length
	Normal

	Channel estimation
	Ideal / ML 

	Equalizer
	Frequency domain MMSE equalizer

	Diversity Antenna
	1 Tx,  2 Rx antennas

	RS frequency hopping (1RB)
	On (Shift RB by one at each subframe)

	Ioc
	AWGN only


Table 2: Simulation Parameters

[image: image1.emf]Allocated RBs 50 50 1 1 1

Modulation 64QAM 16QAM 64QAM 16QAM QPSK

Code rate 5/6 3/4 5/6 3/4 1/3

Payload size (bits) 35688 21480 680 392 64

CRC Size (bits) 24 24 24 24 24

# of Code blocks - C 6 4 1 1 1

Coded block size (bits) 17856 16128 2112 1248 264

Trellis termination (bits) 12 12 12 12 12

Total number of bits per subframe 43200 28800 864 576 288

Total symbols per subframe 7200 7200 144 144 144


3 Simulation Results
Figure 1 shows the throughput performances for 1 RB QPSK, 16QAM and 64QAM, respectively. The results for 50 RB 16QAM and 64QAM are shown in Figure 2. Channel estimation used are both ideal (denoted as ideal CHEST) and ML (denoted as ML CHEST) for the purpose of comparison. 
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Figure 1. Throughput vs. Es/No for 1RB (a) QPSK (b) 16QAM (c) 64QAM
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Figure 2. Throughput vs. Es/No for 50RB (a) 16QAM (b) 64QAM

4 Conclusions

The LTE UL demodulation performances are simulated for QPSK, 16QAM and 64QAM with different coding rates and RB sizes. Results with ideal channel estimation are presented as well as results with ML channel estimation for comparison. It is suggested that these simulation results are compared with those of other companies to determine the SNR requirement.
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_1248784535.xls
Channel Model

		EPA								EVA								ETU

				Original Ped A		Extended Ped A						Original Veh A		Extended Veh A						Original TU (GSM 05.05)		Extended TU

		Excess tap delay [ns]		Relative power [dB]		Relative power [dB]				Excess tap delay [ns]		Relative power [dB]		Relative power [dB]				Excess tap delay [ns]		Relative power [dB]		Relative power [dB]

		0		0		0				0		0		0				0		-3		-1

		30				-1				30				-1.5				50				-1

		70				-2				150				-1.4				120				-1

		90				-3				310		-1		-3.6				200		0		0

		110		-9.7		-8				370				-0.6				230				0

		190		-19.2		-17.2				710		-9		-9.1				500		-2		0

		410		-22.8		-20.8				1090		-10		-7				1600		-6		-3

		Rms delay spread [ns]		46		43				1730		-15		-12				2300		-8		-5

										2510		-20		-16.9				5000		-10		-7

										Rms delay spread [ns]		370		357				Rms delay spread [ns]		1062		991

		Assumed Channel Model in RAN4

		1.        EPA 5Hz

		2.        EVA 5 Hz

		3.        EVA 70Hz

		4.        ETU 70Hz





DL MCS

		MCS

		Parameter		Unit		Value

		Nominal Avg. Inf. Bit Rate		kbps		4584		13800		34472

		Information Bit Payload Per Sub-Frame		Bits		4584		13800		34472

		Number Code Blocks Per Sub-Frame		Blocks		1		3		7

		Binary Channel Bits Per Sub-Frame		Bits		13800		27600		41400

		Coding Rate				0.33 (1/3)		0.5 (1/2)		0.83 (5/6)

		Bandwidth		MHz		10		10		10

		Number of RBs per OFDM symbol				50		50		50

		Number of OFDM symbols per Sub-Frame				11.5		11.5		11.5

		Number of Allocated Sub-Frames per Radio Frame				10		10		10

		Modulation				QPSK		16QAM		64QAM

		Simulation Assumption

		Parameter		Value

		Channel model		ETU (Extended Typical Urban)

		Terminal speed		~37.8 km/h

		Carrier frequency		2.0 GHz

		Modulation		QPSK		16QAM		64QAM

		Code rate		~1/3		1/2		~5/6

		HARQ		On

		Maximum number of HARQ transmissions		4, with IR

		Number of HARQ processes		6

				Transparent

		Error Correction Code		Turbo Code, Rel6 interleaver – no bit scrambling or physical channel segmentation. Parallel interleavers, with 2-by-2 bit division of data, for 16-QAM & 64-QAM

		Reference symbols pattern		Current 3GPP working assumption

		Bandwidth allocation (MHz)		10

		Resource blocks/sub-frame		50

		Number of used sub-carriers		600

		Number of information bits/sub-frame		4584		13800		34472

		Cyclic prefix length		Short

		Channel estimation		Ideal

		Receiver		LMMSE

		Transmit antennas		1

		Receive antennas		2

		Antenna correlation		0

		Antenna imbalance		No

		Tx EVM		0

		Rx EVM		0

		RS or control power boosting		No

		Ioc		AWGN only

		Modulated symbol mapping		Lowest to highest in frequency direction, in successive OFDM symbols





UL Assumption

		MCS

		Allocated RBs		50		50		1		1		1

		Modulation		64QAM		16QAM		64QAM		16QAM		QPSK

		Code rate		5/6		3/4		5/6		3/4		1/3

		Payload size (bits)		35688		21480		680		392		64

		CRC Size (bits)		24		24		24		24		24

		# of Code blocks - C		6		4		1		1		1

		Coded block size (bits)		17856		16128		2112		1248		264

		Trellis termination (bits)		12		12		12		12		12

		Total number of bits per subframe		43200		28800		864		576		288

		Total symbols per subframe		7200		7200		144		144		144





DL 10MHz 50RB

		

		QPSK rate 1/3						16QAM						64QAM rate 1/2

		SNR		Tput[kpbs]				Es/No		Tput(kbps)				SNR		Tput(kbps)

		-5		1590.0306				-5		0.0000				4		0

		-3		2283.9788				-3		0.0000				6		186.1302

		-1		3171.3525				-1		216.6383				8		2922.9333

		1		4000.0568				1		2323.6876				10		6662.7713

		3		4496.9127				3		4114.7485				12		9013.5266

		5		4567.9576										14		11281.5574

		7		4580.3332										16		14152.7879

		9		4582.1666										18		18116.6715

		11		4583.0833										20		21959.9152

		13		4582.1666										22		26981.9834

		15		4583.0833										24		30994.123

						# of TTI

		-10		588

		-8		1457

		-6		2098

		-4		2771

		-2		4035

		0		4521		20000

		2		4575





UL 10MHz 50RB

		

		10MHz 50RB 16QAM R = 3/4 , 88 bits(information) Ideal estimation MMSE

		SNR		Tput		BLER

		-20		0		1

		-15		0		1

		-10		0		1

		-5		0		1

		0		89.5		0.9958

		5		8291		0.6139

		10		13420

		15		21210		0.01168

		20		21480		0

		25		21480





UL 10MHz 50RB
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UL 10MHz 1RB

		

		10MHz 1RB QPSK R = 1/3 , 88 bits(information) Ideal estimation MMSE

		-20		0		1

		-15		0

		-10		14.02		0.7814

		-5		35.68		0.4421

		0		56.99		0.1089

		5		63.69		0.004385

		10		64		0

		15

		20

		10MHz 1RB 16QAM R = 3/4 , 416 bits(information) Ideal estimation MMSE

		-20

		-15

		-10		0		1

		-5		0		1

		0		31.65		0.9192

		5		160		0.591

		10		288.1		0.2646

		15		378		0.03529

		20		390.9

		25		392		0
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