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1 Introduction

In this contribution, we present the preliminary system level simulation results for the E-UTRA based on the simulation scenario listed in [2]. The objective for this simulation is to calibrate the basic system configuration and associated performance in the DL, in particular, we also evaluate the DL OFDMA proposal presented in [1] with several antenna configurations and MIMO modes. The simulation results are presented as CDF of the user packet call throughput and aggregated sector throughput.

2 System level evaluation

The system level simulation assumptions is referred to [2] with macro cell simulation case-1 (see Table 1) in which the carrier frequency (CF), Inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss) and UE speed are specified. 

Table 1 – UTRA and EUTRA simulation case minimum set

	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

	4
	0.9
	1000
	1.25
	10
	3


2.1 Frame Structure and Sub-Channelization

The frame structure as shown in Figure 1 is based on the 10ms frame with 20 TTIs. Each TTI with 0.5ms interval consists of 7 OFDM symbols. The first symbol is used for control channel and the rest of others are used for data transmission including pilots. 
Table 2, OFDMA sub-channel numerology

	System Bandwidth (MHz)
	20
	15
	10
	5
	2.5
	1.25

	FFT Size
	2048
	1536
	1024
	512
	256
	128

	Number of Used Sub-carriers
	1201
	897
	609
	305
	145
	65

	Number of Sub-bands
	150
	112
	76
	38
	18
	8

	Number of BACH per TTI
	75
	56
	38
	19
	9
	4
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Figure 1. Down-link OFDM Frame Structure.

The sub-channelization formed in each TTI is referred to [1]
According to the above assumptions, the detailed frame configuration can be listed in Table 3.

Table 3: Frame Configuration of OFDMA System
	Number of Symbols per TTI
	7

	Number of Control Symbols per TTI
	1

	Number of Data Symbols per TTI
	6

	Number of Sub-Channels per TTI
	96

	Bandwidth
	10 MHz

	IFFT/FFT Block
	1024


2.2 Simulation Assumptions
Our simulation focuses on the up-link with the assumptions listed in Table 4.

Table 4 System Level Simulation Assumptions.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	20

	Antenna Structure
	1x1, 1x2, 2x2

	Maximum Retransmission Number
	3

	Centre Frequency
	2 GHz

	Transmission Power
	40 Watts (46 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	9 dB

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Maximum CIR
	30 dB

	Path-Loss
	128.1+37.6log10(R), R in km

	Penetration Loss
	20dB

	Site-to-Site Distance
	0.5 km

	Scheduler
	Round-robin

	Channel Model
	ITU, PA, 3km/h


2.3 AMC Designing

The link-level curves in term of block error rate (BLER) are referred to [3, A.4.5]. The AMC set designing in terms of modulation and code rate is listed in Table 5. In addition, we assume that the channel encoding block length is fixed and equal to 960 bits corresponding to 10 sub-channels. Chase combining HARQ is used.
Table 5 AMC Set Assumptions.

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM

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


3 Basic MIMO Modes and Adaptation 

In this contribution, two MIMO modes are employed [1], the spatial multiplexing and space time transmit diversity (STTD), spatial multiplexing is used to achieve maximum throughput and STTD mode is used to improve the SNR and coverage. The operation of the scheduler in this contribution is adaptively switching between these two modes. In addition, we only explore the MIMO modes switching based on standard channel quality indication (CQI) criterion only, the performance can be further improved by employing more sophisticated modes selection based on the MIMO channel eigen structure.

For the SM transmission, since the transmission power for each MIMO stream is divided by the number of transmits antennas, the receiver carrier-to-interference and noise ratio CINR per stream could be low as compared to single stream transmission. This results in the SM reception below the minimum threshold predetermined by adaptive modulation and coding (AMC). To improve the MIMO performance under a worse channel condition, STTD is the best solution with following two reasons:

· STTD can provide both combining and diversity gains so as to make the combined CINR over the minimum threshold.

· Switching transmission mode between MIMO and STTD is simple and does not require too much additional process in both transmitter and receiver (only one bit is required).

3.1 SM and STTD Adaptation Factor

For the simplest SM and STTD adaptation, we need to determine a factor for controlling MIMO modes. Several approaches can be considered.

· Set a CINR threshold as a controlling factor. This threshold is determined based on the minimum AMC controlling threshold, with some margin if necessary.

· Set a short-term block error rate (BLER) as a controlling factor.

In any case, the transmitter checks the reported CINR/short-term BLER by compared to the controlling factor and then make a decision either using SMmode or using STTD mode. In the following discussion, we assume that CINR threshold is considered as a controlling factor (set to -1.25dB for this simulation).

3.2 Performance Evaluation

Figure 2 shows the CDF of user throughput using 1x1, 1x2 and 2x2 antenna configurations, the traffic model is full queue FTP. It can be seen that switching SM and STTD can improve both the capacity and coverage performance.
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Figure 2 CDF of user throughput.

In Table 4 , we compare the results in terms of sector aggregated throughput and cell coverage with 10% outage requirement. It can be found that switching MIMO and STTD can achieve the almost same cell coverage as STTD.

Table 4 Comparison of sector aggregated throughput and cell coverage
	Antenna Configuration
	Sector Aggregated Throughput (Mbps)
	Cell Coverage with 10% outage rate (kbps)

	1x1
	7.20
	63

	1x2
	13.0
	200

	2x2 SM
	18.2
	110

	2x2 SM/STTD
	19.1
	210


4 Conclusions

In this contribution, the system level simulation results for the E-UTRA are presented. The DL OFDMA proposal presented in [1] with several antenna configurations and MIMO modes are evaluated. The adaptive MIMO based OFDMA DL provides the best sector throughput and coverage performance.
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Figure 3 Aggregated Sector Throughputs and Coverage Performance 
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