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1 Introduction

According to [1], the E-UTRA downlink targets are 2-3 times higher cell-edge user throughput, and 3-4 times higher spectral efficiency, compared to a baseline HSDPA Release 6. In this contribution, we present LTE system performance results for 1x2, 2x2, 4x2, and 4x4 MIMO cases compared to Rel.6 HSDPA.

2 Simulation Parameters and Environments
A summary of the system simulation parameters and environments is provided in [2] and [3]. The point to be addressed is that the original SCM-C model in [2] specifies the node B antenna spacing as 4λ, but according to [3], we changed the spacing to 10λ. The inter-cell interference is modeled as two ways: The one is a single rank interference model which means the number of transmission layers of each interfering cell is one, and the other is a full rank interference model where the number of layers is equal to the maximal rank of desired cell.
Table 1. System parameter assumption

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 for 2GHz,   I=120.9 for 900MHz

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Node B Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna Gain
	Node B
	14 dBi

	
	UE
	0dBi

	Noise Figure
	9dB

	Channel Model
	SCM-C (Urban Macro, high spread)

	Antenna Configuration
	Node B: ULA with 10λ spacing

UE: ULA with 0.5λ spacing

	Total Node-B TX power
	46dBm (10MHz), 43dBm (1.25MHz)

	Minimum distance between UE and cell
	35 meters

	Target block error rate
	10 %

	HARQ
	Asynchronous adaptive IR

	Number of HARQ processes
	6 for SIMO / MU-MIMO

12 for SU-MIMO

	Number of maximum retransmission
	6

	Scheduler
	PF

	Users per sector
	10

	Inter-Cell interference
	All Node-B transmitters always on at full power

Explicit modeling

	Channel estimation loss model
	1dB for QPSK, 2dB for 16/64-QAM

	UTRA Specific Parameters

	Common channel power overhead
	20%

	Node B HS-DSCH codes (N)
	N = 15

	CQI feedback period
	2 TTIs (4ms)

	CQI feedback delay
	1 TTIs (2ms)

	Node B Transmitter
	1 Antenna

	UE Receiver
	Performance Type 1 (Rx Diversity)

	HSDPA UE Capability Category
	14Mbps (15 codes) ,   Capability Category 10

	E-UTRA Specific Parameters

	Overhead
	Reference Signal* + L1/L2 control Signal**

1 Tx ant.: 25.00%,  2 Tx ant.: 28.57%,  4 Tx ant.: 30.95%

	CQI/MF feedback period
	5 TTIs (5ms)

	CQI/MF feedback delay
	2 TTIs (2ms)

	Feedback granularity
	Rank: common for whole BW

CQI, Precoder index: per 5RBs (10MHz)

common for whole BW (1.25MHz)

	CQI quantization
	32 levels with 1dB resolution (-9dB ~ 22dB)

	MCS for initial transmission
	20 levels

QPSK: 1/8, 1/6, 1/5, 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 5/6

16QAM: 1/2, 3/5, 2/3, 3/4, 5/6

64QAM: 3/5, 2/3, 3/4, 4/5

	Link Mapping
	EESM***


* According to current working assumption

** First 3 OFDM symbols / sub-frame
*** 20 link curves of MCSs for initial transmission and 8 additional link curves of MCSs for retransmission are considered, and each link curve is produced about 5 different payload sizes.

Table 2. Codebook for MIMO
	Case
	Number of Matrices
	Codebook

	SU-MIMO (2 Tx)
	3
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	SU-MIMO (4 Tx)
	2
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	MU-MIMO (2 Tx)
	2
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	MU-MIMO (4 Tx)
	1
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Table 3. Simulation Case

	Simulation
	CF
	ISD
	BW*
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3


3 Simulation Results
The following tables show the performance verification results.
Table 4. Summary of simulation results for Case 1 – Single Rank Interference
	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz) baseline
	2.14 Mbps
0.43 bps/Hz/cell (x1.0)
	0.214 Mbps, 
0.043 bps/Hz/user (x1.0)
	98.2 kbps,
0.020 bps/Hz/user (x1.0)

	E-UTRA baseline
1x2 SIMO - MRC
	13.5 Mbps 
1.35 bps/Hz/cell  (x3.2)
	1.35 Mbps, 
0.135 bps/Hz/user (x3.2)
	505 kbps, 
0.051 bps/Hz/user (x2.6)

	E-UTRA 
1x2 SIMO - IRC
	14.8 Mbps 
1.48 bps/Hz/cell  (x3.5)
	1.48 Mbps 
0.148 bps/Hz/user  (x3.5)
	558 kbps, 
0.056 bps/Hz/user (x2.8)

	E-UTRA 
2x2 SU-MIMO - MMSE
	16.4 Mbps 
1.64 bps/Hz/cell  (x3.8)
	1.64 Mbps 
0.164 bps/Hz/user  (x3.8)
	662 kbps, 
0.066 bps/Hz/user (x3.4)

	E-UTRA 
2x2 SU-MIMO - SIC
	16.9 Mbps 
1.69 bps/Hz/cell  (x3.9)
	1.69 Mbps 
0.169 bps/Hz/user  (x3.9)
	653 kbps, 
0.065 bps/Hz/user (x3.3)

	E-UTRA 
2x2 MU-MIMO
	17.4 Mbps 
1.74 bps/Hz/cell  (x4.1)
	1.74 Mbps 
0.174 bps/Hz/user  (x4.1)
	637 kbps, 
0.064 bps/Hz/user (x3.2)

	E-UTRA
4x2 SU-MIMO - MMSE
	17.2 Mbps 
1.72 bps/Hz/cell  (x4.0)
	1.72 Mbps 
0.172 bps/Hz/user  (x4.0)
	654 kbps, 
0.065 bps/Hz/user (x3.3)

	E-UTRA 
4x2 SU-MIMO - SIC
	18.3 Mbps 
1.83 bps/Hz/cell  (x4.3)
	1.83 Mbps 
0.183 bps/Hz/user  (x4.3)
	665 kbps, 
0.067 bps/Hz/user (x3.4)

	E-UTRA 
4x2 MU-MIMO
	17.2 Mbps 
1.72 bps/Hz/cell  (x4.0)
	1.72 Mbps 
0.172 bps/Hz/user  (x4.0)
	636 kbps, 
0.064 bps/Hz/user (x3.2)

	E-UTRA 
4x4 SU-MIMO - MMSE
	26.7 Mbps 
2.67 bps/Hz/cell  (x6.2)
	2.67 Mbps 
0.267 bps/Hz/user  (x6.2)
	1188 kbps, 
0.119 bps/Hz/user (x6.0)

	E-UTRA 
4x4 SU-MIMO - SIC
	27.7 Mbps 
2.77 bps/Hz/cell  (x6.5)
	2.77 Mbps 
0.277 bps/Hz/user  (x6.5)
	1429 kbps, 
0.143 bps/Hz/user (x7.3)

	E-UTRA 
4x4 MU-MIMO
	29.8 Mbps 
2.98 bps/Hz/cell  (x7.0)
	2.98 Mbps 
0.298 bps/Hz/user  (x7.0)
	1204 kbps, 
0.120 bps/Hz/user (x6.1)


Table 5. Summary of simulation results for Case 2 – Single Rank Interference
	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz) baseline
	1.58 Mbps
0.32 bps/Hz/cell (x1.0)
	0.158 Mbps, 
0.032 bps/Hz/user (x1.0)
	57.3 kbps,
0.011 bps/Hz/user (x1.0)

	E-UTRA baseline 
1x2 SIMO - MRC
	9.4 Mbps 
0.94 bps/Hz/cell  (x3.0)
	0.94 Mbps, 
0.094 bps/Hz/user (x3.0)
	338 kbps, 
0.034 bps/Hz/user (x2.9)

	E-UTRA 
1x2 SIMO - IRC
	10.5 Mbps 
1.05 bps/Hz/cell  (x3.3)
	1.05 Mbps 
0.105 bps/Hz/user  (x3.3)
	388 kbps, 
0.039 bps/Hz/user (x3.4)

	E-UTRA 
2x2 SU-MIMO - MMSE
	10.7 Mbps 
1.07 bps/Hz/cell  (x3.4)
	1.07 Mbps 
0.107 bps/Hz/user  (x3.4)
	393 kbps, 
0.039 bps/Hz/user (x3.4)

	E-UTRA 
2x2 SU-MIMO - SIC
	10.9 Mbps 
1.09 bps/Hz/cell  (x3.4)
	1.09 Mbps 
0.109 bps/Hz/user  (x3.4)
	373 kbps, 
0.037 bps/Hz/user (x3.3)

	E-UTRA 
2x2 MU-MIMO
	10.6 Mbps 
1.06 bps/Hz/cell  (x3.4)
	1.06 Mbps 
0.106 bps/Hz/user  (x3.4)
	352 kbps, 
0.035 bps/Hz/user (x3.1)

	E-UTRA
4x2 SU-MIMO - MMSE
	10.4 Mbps 
1.04 bps/Hz/cell  (x3.3)
	1.01 Mbps 
0.104 bps/Hz/user  (x3.3)
	388 kbps, 
0.039 bps/Hz/user (x3.4)

	E-UTRA 
4x2 SU-MIMO - SIC
	11.2 Mbps 
1.12 bps/Hz/cell  (x3.5)
	1.12 Mbps 
0.112 bps/Hz/user  (x3.5)
	431 kbps, 
0.043 bps/Hz/user (x3.8)

	E-UTRA 
4x2 MU-MIMO
	11.0 Mbps 
1.10 bps/Hz/cell  (x3.5)
	1.10 Mbps 
0.110 bps/Hz/user  (x3.5)
	394 kbps, 
0.039 bps/Hz/user (x3.4)

	E-UTRA 
4x4 SU-MIMO - MMSE
	20.3 Mbps 
2.03 bps/Hz/cell  (x6.4)
	2.03 Mbps 
0.203 bps/Hz/user  (x6.4)
	801 kbps, 
0.080 bps/Hz/user (x7.0)

	E-UTRA 
4x4 SU-MIMO - SIC
	20.9 Mbps 
2.09 bps/Hz/cell  (x6.6)
	2.09 Mbps 
0.209 bps/Hz/user  (x6.6)
	1018 kbps, 
0.102 bps/Hz/user (x8.9)

	E-UTRA 
4x4 MU-MIMO
	23.0 Mbps 
2.30 bps/Hz/cell  (x7.3)
	2.30 Mbps 
0.230 bps/Hz/user  (x7.3)
	877 kbps, 
0.088 bps/Hz/user (x7.7)


Table 6. Summary of simulation results for Case 3 – Single Rank Interference

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz) baseline
	2.06 Mbps
0.41 bps/Hz/cell (x1.0)
	0.206 Mbps, 
0.041 bps/Hz/user (x1.0)
	81.8 kbps,
0.016 bps/Hz/user (x1.0)

	E-UTRA baseline 
1x2 SIMO - MRC
	13.1 Mbps 
1.31 bps/Hz/cell  (x3.2)
	1.31 Mbps, 
0.131 bps/Hz/user (x3.2)
	456 kbps, 
0.046 bps/Hz/user (x2.8)

	E-UTRA 
1x2 SIMO - IRC
	13.7 Mbps 
1.37 bps/Hz/cell  (x3.3)
	1.37 Mbps 
0.137 bps/Hz/user  (x3.3)
	424 kbps, 
0.042 bps/Hz/user (x2.6)

	E-UTRA 
2x2 SU-MIMO - MMSE
	15.4 Mbps 
1.54 bps/Hz/cell  (x3.7)
	1.54 Mbps 
0.154 bps/Hz/user  (x3.7)
	485 kbps, 
0.049 bps/Hz/user (x3.0)

	E-UTRA 
2x2 SU-MIMO - SIC
	16.1 Mbps 
1.61 bps/Hz/cell  (x3.9)
	1.61 Mbps 
0.161 bps/Hz/user  (x3.9)
	492 kbps, 
0.049 bps/Hz/user (x3.0)

	E-UTRA 
2x2 MU-MIMO
	16.1 Mbps 
1.61 bps/Hz/cell  (x3.9)
	1.61 Mbps 
0.161 bps/Hz/user  (x3.9)
	471 kbps, 
0.047 bps/Hz/user (x2.9)

	E-UTRA
4x2 SU-MIMO - MMSE
	16.3 Mbps 
1.63 bps/Hz/cell  (x4.0)
	1.63 Mbps 
0.163 bps/Hz/user  (x4.0)
	485 kbps, 
0.049 bps/Hz/user (x3.0)

	E-UTRA 
4x2 SU-MIMO - SIC
	16.7 Mbps 
1.67 bps/Hz/cell  (x4.1)
	1.67 Mbps 
0.167 bps/Hz/user  (x4.1)
	506 kbps, 
0.051 bps/Hz/user (x3.1)

	E-UTRA 
4x2 MU-MIMO
	15.4 Mbps 
1.54 bps/Hz/cell  (x3.7)
	1.54 Mbps 
0.154 bps/Hz/user  (x3.7)
	459 kbps, 
0.046 bps/Hz/user (x2.8)

	E-UTRA 
4x4 SU-MIMO - MMSE
	24.6 Mbps 
2.46 bps/Hz/cell  (x6.0)
	2.46 Mbps 
0.246 bps/Hz/user  (x6.0)
	813 kbps, 
0.081 bps/Hz/user (x5.0)

	E-UTRA 
4x4 SU-MIMO - SIC
	24.8 Mbps 
2.48 bps/Hz/cell  (x6.0)
	2.48 Mbps 
0.248 bps/Hz/user  (x6.0)
	1031 kbps, 
0.103 bps/Hz/user (x6.3)

	E-UTRA 
4x4 MU-MIMO
	27.2 Mbps 
2.72 bps/Hz/cell  (x6.6)
	2.72 Mbps 
0.272 bps/Hz/user  (x6.6)
	889 kbps, 
0.089 bps/Hz/user (x5.4)


Table 7. Summary of simulation results for Case 1 – Full Rank Interference

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz) baseline
	2.14 Mbps
0.43 bps/Hz/cell (x1.0)
	0.214 Mbps, 
0.043 bps/Hz/user (x1.0)
	98.2 kbps,
0.020 bps/Hz/user (x1.0)

	E-UTRA 
2x2 SU-MIMO - MMSE
	15.1 Mbps 
1.51 bps/Hz/cell  (x3.5)
	1.51 Mbps 
0.151 bps/Hz/user  (x3.5)
	576 kbps, 
0.058 bps/Hz/user (x2.9)

	E-UTRA 
2x2 SU-MIMO - SIC
	15.3 Mbps 
1.53 bps/Hz/cell  (x3.6)
	1.53 Mbps 
0.153 bps/Hz/user  (x3.6)
	563 kbps, 
0.056 bps/Hz/user (x2.9)

	E-UTRA 
2x2 MU-MIMO
	16.4 Mbps 
1.64 bps/Hz/cell  (x3.8)
	1.64 Mbps 
0.164 bps/Hz/user  (x3.8)
	564 kbps, 
0.056 bps/Hz/user (x2.9)

	E-UTRA
4x2 SU-MIMO - MMSE
	15.9 Mbps 
1.59 bps/Hz/cell  (x3.7)
	1.59 Mbps 
0.159 bps/Hz/user  (x3.7)
	632 kbps, 
0.063 bps/Hz/user (x3.2)

	E-UTRA 
4x2 SU-MIMO - SIC
	16.7 Mbps 
1.67 bps/Hz/cell  (x3.9)
	1.67 Mbps 
0.167 bps/Hz/user  (x3.9)
	588 kbps, 
0.059 bps/Hz/user (x3.0)

	E-UTRA 
4x2 MU-MIMO
	15.9 Mbps 
1.59 bps/Hz/cell  (x3.7)
	1.59 Mbps 
0.159 bps/Hz/user  (x3.7)
	569 kbps, 
0.057 bps/Hz/user (x2.9)

	E-UTRA 
4x4 SU-MIMO - MMSE
	21.1 Mbps 
2.11 bps/Hz/cell  (x4.9)
	2.11 Mbps 
0.211 bps/Hz/user  (x4.9)
	832 kbps, 
0.083 bps/Hz/user (x4.2)

	E-UTRA 
4x4 SU-MIMO - SIC
	21.1 Mbps 
2.11 bps/Hz/cell  (x4.9)
	2.11 Mbps 
0.211 bps/Hz/user  (x4.9)
	1008 kbps, 
0.101 bps/Hz/user (x5.1)

	E-UTRA 
4x4 MU-MIMO
	25.0 Mbps 
2.50 bps/Hz/cell  (x5.8)
	2.50 Mbps 
0.250 bps/Hz/user  (x5.8)
	882 kbps, 
0.088 bps/Hz/user (x4.5)


4 Conclusions
The system simulations were performed to evaluate the E-UTRA downlink system performance (spectral efficiency and user throughput) and the results show that E-UTRA system satisfies the agreed target requirements. Another remarkable point is that the rank of interferences affects the other cell’s performance, so we may consider the rank adaptation from the viewpoint of the system perspective as well as single cell’s performance.
References
[1] 3GPP TR 25.913, “Requirements for Evolved UTRA and Evolved UTRAN”

[2] 3GPP TR 25.814, “Physical Layer Aspects for Evolved UTRA”
[3] 3GPP R1-070674, “LTE physical layer framework for performance verification,” Orange et al.
Appendix A: Link Curve
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Fig.1 AWGN Link Curve (24 Resource Block Allocation Case)
Appendix B: Beta for EESM mapping

1) QPSK

	Code Rate
	1/8
	1/6
	1/5
	1/4
	1/3
	2/5
	1/2
	3/5
	2/3
	3/4
	5/6

	Beta
	1.44
	1.40
	1.43
	1.47
	1.48
	1.50
	1.56
	1.62
	1.67
	1.75
	1.79


2) 16QAM 

	Code Rate
	1/6
	1/3
	2/5
	1/2
	3/5
	2/3
	3/4
	5/6

	Beta
	2.57
	3.10
	3.53
	4.32
	5.37
	6.24
	6.93
	7.58


3) 64QAM 

	Code Rate
	1/6
	1/3
	2/5
	1/2
	3/5
	2/3
	3/4
	4/5

	Beta
	3.68
	5.98
	7.71
	10.9
	15.5
	19.6
	24.7
	27.6


Appendix C: User Throughput CDF
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Fig. 2 User Throughput: Case 1 – Single Rank Interference
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Fig. 3 User Throughput: Case 2 – Single Rank Interference
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Fig. 4 User Throughput: Case 3 – Single Rank Interference
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Fig. 5 User Throughput: Case 1 – Full Rank Interference
Appendix D. Normalized User Throughput CDF
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Fig. 6 User Throughput: Case 1 – Single Rank Interference
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Fig. 7 User Throughput: Case 2 – Single Rank Interference
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Fig. 8 User Throughput: Case 3 – Single Rank Interference
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Fig. 9 User Throughput: Case 1 – Full Rank Interference
Appendix E. Geometry CDF
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Fig. 10 Geometry CDF
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