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1. Introduction

This paper presents performance evaluations indicating whether the E-UTRA targets on user throughput, spectrum efficiency, and coverage defined in ‎[1] can be reached. Such results have recently been presented in ‎[2], indicating that the low-end targets can indeed be reached. To approach the high-end targets, alternative antenna concepts may be used. This paper investigates the performance some such concepts.
2. Antenna Concepts

Three different antenna concepts for E-UTRA are considered:

1) Per-Antenna Rate Control (PARC) with two streams (denoted ‘2x2 2str’). This is the same concept used in ‎[2]. MMSE receivers with successive interference cancellation are used. Base station antennas are separated by 10 wavelengths.

2) Eigen Beam Forming (EBF) with two transmit antennas and one stream (denoted ‘EBF 2x2 1str’). Two base station antenna elements separated by 0.5 wavelengths are used to form one beam towards the receiving UE. The beams are formed by selecting transmit weights equal to the eigenvector corresponding to the maximum eigenvalue of the received signal covariance matrix at the receiver. A long-term estimate of the covariance matrix is used, so that fast fading does not need to be tracked. An MMSE receiver is used.

3) Eigen Beam Forming (EBF) with four transmit antennas and two streams (denoted ‘EBF 4x2 2str’). Two ‘beam formers’ according to above, separated by 10 wavelengths, are used to transmit one PARC stream each. MMSE receivers with successive interference cancellation are used.

Intuitively, it might be expected that the single-stream beamforming concept is preferred over the non-beamformed MIMO concept for low link qualities, where the multi-stream gain is small, i.e. at the cell-edge and at high system load. On the other hand, for better link qualities, e.g. at low load and/or close to the base station, the single-stream beamforming concept suffers from bandwidth limitation, and non-beamformed MIMO is a better alternative. The combined beamforming and multi-stream concept should outperform both other alternatives regardless of link quality.

It should be noted that the combined beamforming and multi-stream concept in total has four base station antennas. Comparing it to the other two-antenna schemes is thus not completely fair. It is included here to indicate what performance may be achieved with more advanced antenna concepts at the base station, while still limiting the UE to only two receive antennas. Also note that because of the antenna separation, for the combined beamforming and multi-stream concept these occupy an area marginally larger than the non-beamformed MIMO concept. To further limit the antenna area, different polarizations may be used. 

3. Models and Assumptions

Models and assumptions are the same as in ‎[2], and aligned with the assumptions in ‎[3]. A summary is provided in Table 1.

Additionally, results with a 2 ms are presented. This results in a smaller overhead, and thereby better performance. With a 0.5 ms TTI the total overhead is two OFDM symbols per TTI, or 29%. Of these the pilot overhead is 1/21 = 4.8% (every sixth subcarrier in two OFDM symbols). The remaining 25% is TTI related L1/L2 control signaling. With a 2 ms TTI this overhead is reduced with a factor four so that the total overhead is 4.8% + 25%/4 = 11%. 

4. Numerical Results

Mean and cell-edge user throughput versus served traffic per sector for an ISD of 500 m and a 0.5 ms TTI are shown in Figure 1 and Figure 2 respectively. The performance of the baseline system of ‎[1] is used as a reference, and the E-UTRA targets relative to this are included in the graphs. As in ‎[2], it is seen that the 2x2 concept approaches (or even exceeds for mean user throughput) the high-end targets for low to moderate traffic loads, but falls closer to the low-end targets for high loads. As expected, with single-stream beamforming the mean user throughput for high load and the cell-edge throughput for all loads are improved. This comes at the expense of a decrease of mean user throughput at lower traffic load. The beamformed multi-stream concept outperforms the other concepts at all traffic loads. It reaches and in most cases exceeds the high-end targets. 

Figure 3 and Figure 4 show similar results for an ISD of 1732 m. The relative gains of beamforming are similar to those seen for the 500 m ISD case. As compared to the targets, the performance is slightly decreased at the cell-edge, and the combined beamforming and multi-stream antenna concept fall in between the low-end and high-end targets. Figure 5 and Figure 6 show similar results for an ISD of 7500 m (but without the otherwise used penetration loss of 20 dB). 

The same set of results for a 2 ms TTI is shown in Figure 6 - Figure 12. Significantly better user throughput and spectrum efficiency results are achieved.

5. Conclusions

The presented results indicate that with combined beamforming and multi-stream antenna concepts the high-end targets on user throughput and spectrum efficiency of ‎[1] can be reached. With a 2 ms TTI even better user throughput and spectrum efficiency results are achieved. 
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Table 1. Models and Assumptions.

	Traffic and Mobility Models

	User distribution
	Uniform

	Terminal speed
	3 km/h 

	Data generation
	Full buffer, number of users varied to vary the load

	Radio Network Models

	Distance dependent path loss
	L = 15.3+20*+37.6*log(d), d = distance in meters, *0 for ISD=7500m

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	3GPP Typical Urban (Angular spread model from SCM) or SCM Suburban Macro

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

	Inter-Site Distance 
	500m, 1732m, or 7500m

	General System Models 

	Spectrum allocation
	5MHz (10MHz in appendix)

	Base station power 
	20W 

	Max antenna gain
	14dBi

	Modulation and coding schemes
	QPSK, 16QAM, and 64QAM (E-UTRA only), Rel-6 turbo codes, rates 0.1, 0.14, 0.2, 0.25, 0.33, 0.4, 0.5, 0.6, 0.67, 0.75, 0.8, 0.89

	Channel estimation
	Ideal (link-level evaluations indicate a channel estimation loss of 0.2dB) 

	Channel quality estimation
	Instant, error-free feedback

	Reuse
	Uncoordinated reuse 1

	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, UE capability category 10 (14 Mbps, 15 codes) 

	Scheduler
	Proportional fair

	E-UTRA Characteristics

	OFDM Parameters 
	According to ‎[3]

	Overhead
	29% (0.5ms TTI), or 11% (2ms TTI) 

	Transmission scheme
	See Section ‎2

	Receiver
	See Section ‎2

	Scheduler
	Proportional fair in time and frequency domain or round robin

	Link adaptation
	Initial MCS selection with 10% BLER target, 6 HARQ processes
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Figure 1. Mean user throughput versus traffic load per sector. ISD=500m, TTI = 0.5ms.

[image: image2.emf]0 2 4 6 8 10 12

0

1

2

3

4

5

6

Sector Throughput [Mbps]

Cell-Edge User Throughput (5th perc) [Mbps]

ISD =500m

E-UTRA EBF 4x2 2str

E-UTRA EBF 2x2 1str

E-UTRA 2x2 2str

Baseline

Target Range


Figure 2. Cell-edge user throughput versus traffic load. ISD=500m, TTI = 0.5ms.
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Figure 3. Mean user throughput versus traffic load. ISD=1732m, TTI = 0.5ms.
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Figure 4. Cell-edge user throughput versus traffic load. ISD=1732m, TTI = 0.5ms.
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Figure 5. Mean user throughput versus traffic load per sector. ISD = 7500m, TTI = 0.5ms.

[image: image6.emf]0 2 4 6 8 10

0

0.5

1

1.5

2

2.5

Sector Throughput [Mbps]

Cell-Edge User Throughput (5th perc) [Mbps]

ISD =7500m

E-UTRA EBF 4x2 2str

E-UTRA EBF 2x2 1str

E-UTRA 2x2 2str

Baseline

Target Range


Figure 6. Cell-edge user throughput versus traffic load. ISD = 7500m, TTI = 0.5ms.
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Figure 7. Mean user throughput versus traffic load per sector. ISD=500m, TTI = 2ms.
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Figure 8. Cell-edge user throughput versus traffic load. ISD=500m, TTI = 2ms.
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Figure 9. Mean user throughput versus traffic load. ISD=1732m, TTI = 2ms.
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Figure 10. Cell-edge user throughput versus traffic load. ISD=1732m, TTI = 2ms.
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Figure 11. Mean user throughput versus traffic load per sector. ISD = 7500m, TTI = 2ms.
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Figure 12. Cell-edge user throughput versus traffic load. ISD = 7500m, TTI = 2ms.

