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1 Introduction

A first system performance evaluation of some multi-antenna concepts are given in [1, 2]. This paper extends the investigation further with introduction of feedback delay, and gives the comparison between MIMO and slow beamforming with single and multiple streams. This paper is trying to answer the following questions:
· How to set the geographic configuration, i.e. transmit antenna separation, for the single-beam and multi-beam slow beamforming?

· How important is SIC to the performance in the multi-stream transmission case?

· The comparison among (S)PARC, single-stream slow beamforming and multi-stream slow beamforming in different load scenarios.
· To what extent will CQI feedback delay influence the performance for different transmit schemes.
2 Antenna Concepts

The following multi-antenna solutions of a 2x2 antenna configuration are considered here:

1) Per-Antenna Rate Control (PARC) ‎two streams [2]. Base station antennas are separated by 10 wavelengths.

2) Selective Per-Antenna Rate Control (SPARC) as described in [3]. Base station antennas are separated by 10 wavelengths.

3) Slow Eigen-vector Beamforming (EBF) with single stream. Two base station antenna elements separated by 0.5 to 10 wavelengths are used to form one beam towards the receiving UE. The antenna weights are based on the long-term estimate of the covariance matrix. The transmit weights for all the users are updated once per 20 frames, i.e. 10ms. Therefore fast fading does not need to be tracked. 
4) Slow EBF with two streams. Two base station antenna elements separated 0.5 to 10 wavelengths. Same as above, the transmit weights for all the users are updated once per 20 frames, i.e. 10ms. Two set of orthogonal weights are used for the two streams respectively.
The spatial domain and time domain adaptation in all of the above concepts are done per frame per user. The granularity of the adaptation, e.g. MCS selection and transmit weights, is not at resource-block level.
3 Models and Assumptions

Models and assumptions are listed in table 1, and aligned with the assumptions in ‎[3]. 
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, 21 sectors in total

	Inter-Site Distance 
	500m

	General System Models 

	Spectrum allocation
	5MHz

	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 (no delay) or 3 frames (1.5ms) delays;        error-free feedback

	Reuse
	Uncoordinated reuse 1

	Traffic load
	Averagely {0.2, 0.4, 0.6, 0.8, 1.0, 2.0, 4.0} users per cell

	E-UTRA Characteristics

	OFDM Parameters 
	According to ‎[3]

	Overhead
	29% (0.5ms TTI) 

	Transmission scheme
	See Section ‎2

	Receiver
	MMSE receivers with successive interference cancellation (SIC)

	Scheduler
	round robin

	Link adaptation
	Initial MCS selection with BLER target of 10%/Nstreams.


4 System level performance results

4.1 Transmit antenna separation in slow EBF
Different geographic configurations for the slow EBF are evaluated, i.e. the transmit antenna separation is from half wavelength to 10 times of wavelengths. Figure 1 shows the mean user throughput and the 5th percentile of user throughput over the served traffic of the single-stream slow EBF. Figure 2 shows the results of the multi-stream slow EBF.

It can be seen that the transmit antenna separation has different trend in the single-beam and multi-beam slow EBF. To reach better array gain, the single-stream EBF requires correlated channel, thus it gains significantly with small separation. However, the multi-stream EBF tries to make full use of the spatial multiplexing, which requires the channel as uncorrelated in spatial domain as possible, thus the large antenna separation contributes a lot. Accordingly, in the succeeding evaluations, we set the slow EBF asummptions to 0.5 wavelength for the single-stream scheme, and 10 wavelengths for the multi-stream scheme in the succeeding simulations for the 2x2 antenna configuration.
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Figure 1. Tx antenna seperation of the single-stream EBF, Round Robin
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Figure 2. Tx antenna seperation of the multi-stream EBF, Round Robin
4.2  SIC vs. no SIC for multi-stream transmission
Since a common transmit weights are adopted by the slow EBF for all the resource blocks that allocated to one user, the orthogonality among different streams is hard to maintain within the whole band. Consequently, SIC will be beneficial for the multi-stream slow EBF, similar as to PARC. Figure 3 shows the SIC gain in capacity and user throughput for both multi-stream slow EBF and PARC. Perfect link adaptation is assumed here without any CQI feedback delay.

It can be found that SIC is very important for the multi-stream slow EBF, almost to the same level as PARC, with around 20% capacity gain and more than 70% cell-edge user throughput gain.
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Figure 3. SIC gain of PARC and multi-stream slow EBF, 2x2 antenna configuration

4.3  Comparisons of (S)PARC & slow EBF
There is no single multi-antenna mode that work optimally in all different scenarios. 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. To combine spatial diversity with spatial multiplexing, either the antenna selection can be used in multi-stream transmission, e.g. SPARC, or combining the beamforming with the multi-stream transmission, e.g. the multi-stream beamforming.
Limited by 2x2 antenna configuration, as in the installed systems, the system performance of (S)PARC and single-beam and multi-beam slow beamforming are compared, with and without CQI delay respectively.
Figure 4 shows the system performance of PARC, SPARC, single-stream slow beamforming and multi-stream slow beamforming, by assuming perfect link adaptation without CQI delay at all. Figure 5 shows the system performance comparisons with 3-frame CQI delay, i.e. 1.5ms feedback delay.

It can be found that for a 2x2 antenna configuration and with perfect link adaptation based on instant CQI, (S)PARC outperforms the others in low and medium load scenarios, while the single-stream slow EBF is the best in high load scenario. However, when introducing the 3 frame CQI delay, PARC is the best in both low load and high load scenarios. The reason is that the power allocation is quite stable in PARC, so that the inter-cell interference is very stable from time to time. In contrast, EBF changes the transmit weights to serve different users from time to time, which will influence the inter-cell interference a lot. SPARC changes the power allocation among different transmit antennas from time to time, but the signals are transmited in all the directions within the cell, thus the inter-cell interference is much more stable than for EBF.

The same conclusion is drawn for 4x4 antenna configuration, as given in Appendix A.
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Figure 4. Comparison of (S)PARC and slow EBF, perfect LA, instant CQI, no delay
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Figure 5. Comparison of (S)PARC and slow EBF, CQI feedback delay of 3 frames (1.5ms)

5 Conclusions

In this contribution we have shown system level simulation results of different antenna solutions for 2x2 antenna configurations within 5MHz band, including S-PARC, PARC, single-stream slow EBF and multi-stream EBF. 
For the 2x2 antenna configuration, the single-stream EBF works much better with small transmit antenna separation, e.g. 0.5 wavelength separation, while the multi-stream scheme prefers the large transmit antenna separation, e.g. 10 wavelengths in the investigated scenario.

When limiting the spatial and time-domain adaptation to frame-wise instead of the resource block wise, SIC is necessary in order to have good performance for multi-stream EBF, the same applies for PARC. 
EBF is very sensitve to the CQI delay. Due to the change of the transmit weights from time to time to serve different users, the inter-cell interference varies a lot in EBF, thus both single-stream and multi-stream EBF behaves obviously worse than PARC. The antenna selection in SPARC will also influence the inter-cell interference somewhat, so that the SPARC gain over PARC that was observed with perfect link adaptation fades out when introducing the CQI delay. The conclusion fits to both 2x2 and 4x4 antenna configurations.
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Appendix B. Results of 4x4 antenna configuration

The antenna geographical configurations for PARC 4x4, single-stream EBF 4x4, 2-stream EBF 4x4 and 4-stream EBF 4x4 are given by figure 6. SPARC has the same geographical configuration as PARC.
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(a). PARC4x4, SPARC4x4 & 4-stream EBF4x4,



(b).2-stream EBF 4x4


(c). single-stream EBF4x4

Figure 6. Tx antenna geographic configuration of (S)PARC, 1-stream EBF4x4, 2-stream EBF4x4, 4-stream EBF4x4

Figure 7 shows the comparison of PARC, SPARC, the single-stream and multi-stream slow EBF with instant CQI and perfect LA for 4x4 antenna configuration. Figure 8 shows the comparison with 3 frame CQI delay. With instant CQI and perfect LA, SPARC and the 2-stream slow EBF performs best in low load scenario and high load scenario respectively. However, with the 3 frame CQI delay, PARC is the best one regardless of the load.
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Figure 7. Compare of (S)PARC & slow EBF, 4x4 antenna configuration, instant CQI, perfect LA
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Figure 8. Compare of (S)PARC & slow EBF, 4x4 antenna configuration, 3 frame CQI delay
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