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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. The conclusion from TSG RAN June 2006 meeting regarding way forward on LTE was that performance of techniques such as 4 antennas both at the Node-B and the UE can be considered for LTE system performance evaluation. In this contribution, we present LTE system performance results for 2x4 and 4x4 MIMO cases.

2. Assumptions and Simulations

A summary of the system simulation parameters and assumptions are provided in Table 1. The models are aligned with the assumptions in [2]
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 \* MERGEFORMAT [3]. With each user drop of the simulation, terminals are randomly positioned in the system area. In each time step of the simulation, the radio channel between each base station and terminal antenna pair is calculated according to the propagation and fading channel models. The modulation and coding scheme for each user and each scheduling instant, is selected according to the scheduling and link-adaptation principles. Based on the channel realizations and the active interferers, a signal-to-interference-and-noise ratio (SINR) is calculated for each terminal receive antenna. The SINR values are then combined according to the MMSE or MRC methods depending on rank adaptation and an effective SINR value per stream is calculated. The effective SINR method is used to convert the per sub carrier SINR to the SINR in a resource block, together with the used modulation and coding schemes are then mapped to block-error probabilities per user and stream. Hybrid ARQ (HARQ) is modeled as Chase combining. The user throughput is defined as the number of correctly received bits per user divided by the simulation time. The sector throughput is defined as the total number of correctly received bits for all users divided by the simulation time and the number of sectors.

The simulation results are summarized in Table 2.  The results are shown in bits/second/Hz/Sector. The fairness curves are shown in Figure 1 and the CDF of the user throughput is shown in Figure 2. We can see that the sector throughput of the E-UTRA is within 3-30% of the target range of 3-4X improvement for 2x4 and 2x2 MIMO while it is more than 4X for 4x4 MIMO. We also note that E-UTRA meets and exceeds the required 5% cell edge user throughput requirements. The curves in Figure 1 show that fairness criteria are met in all cases.

3. Conclusions

The system simulations have been done to evaluate the E-UTRA downlink system performance (spectral efficiency and user throughput) vs. the agreed targets.  The simulation case that have been covered is case 1 in TR25.814. The 2x4 and 2x2 E-UTRA sector throughput performance falls close to and within 3% and 30%  of the target ranges respectively. The 4x4 E-UTRA achieves better than the upper bound of 4X capacity. The cell-edge 5% user throughput requirement is satisfied in all cases.  
	Traffic and Mobility Models

	User distribution
	Uniform

	Terminal speed
	3 km/h 

	Data generation
	Full buffer

	Radio Network Models

	Distance dependent path loss
	L = 128.1+PenLoss+37.6(log(d), d = distance in km

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	3GPP Typical Urban  and SCM Suburban Macro

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Inter-Site Distance 
	500m

	General System Models 

	Spectrum allocation
	10MHz  (5MHz for HSDPA)

	Base station power 
	40W 

	Max antenna gain
	14dBi

	Modulation and coding schemes
	QPSK, 16QAM, and 64QAM (E-UTRA only), Rel-6 turbo codes, rates ½, 1/3, 2/3, ¾, 4/5

	Channel estimation
	Realistic (1dB loss for QPSK and 2dB loss for 16-QAM/64-QAM) 

	Channel quality estimation
	Delayed by 1.5ms, Reporting every 4ms 

	Frequency Reuse
	Reuse 1 

	Number of Users
	32

	Baseline WCDMA Characteristics

	Node B and UE parameters
	According to Table A.2.1.5-1 and Table A.2.1.7-1 in 25.814

	Transmission scheme
	Single stream 

	Receiver
	2-branch antenna diversity with rake receiver, maximum ratio combining of all channel taps, 9dB noise figure 

	Scheduler
	Proportional fair

	E-UTRA Characteristics

	OFDM Parameters 
	According to [2]

	Overhead
	25% 

	Transmission scheme
	2 & 4 stream,  MU-MIMO Per User Unitary Rate Control (PU2RC)

	Receiver
	MMSE, 9dB noise figure

	Scheduler
	Proportional fair in time and frequency domain 

	Link adaptation
	Initial MCS selection with 10% BLER target, 6 HARQ processes


Table 1: Models and Assumptions.

Table 2 Throughput results in bits/second/Hz/Sector

	
	HSDPA
	2x2 LTE
	2x4 LTE
	4x4 LTE
	E-UTRA Gain

	
	
	
	
	
	2x2
	4x4

	Sector Throughput
	0.75
	1.78
	2.19
	3.27
	X2.4
	X4.4

	5%User Throughput
	0.006
	0.015
	0.018
	0.027
	X2.5
	X4.5
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Figure 1 Fairness Curve for HSDPA as well as different PU2RC configurations. The transmit antenna spacing is shown in the legend
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Figure 2 CDF of User Throughput (bps/Hz). The transmit antenna spacing is shown in the legend.
