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1. Introduction
In the RAN1 #44 meeting, we introduced the eigen-mode close-loop transmission (ECLT) scheme as a candidate of MIMO schemes for downlink E-UTRA [1]. This scheme is a multi-stream MIMO transmission based on linear precoding, rank adaptation, eigen-beamforming and statistical water-filling. By using multi-beam transmission in the eigen-direction, ECLT can easily achieve the steam-to-antenna mapping and obtain a high power efficiency. 

In [1], some simulation results have been presented, which showed that ECLT significantly improves the link throughput. In this paper, the link-level simulations are re-performed based on the SCME model used for LTE evaluation [2][4]. The results are presented in Section 3. In Section 2, a brief description is given for understanding the principle of ECLT. However, detailed introduction to this technique should be found in [1].

2. Eigen-mode close-loop MIMO transmission
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Figure 1. Block diagram of ECLT.

The block diagram of ECLT is shown in figure 1. The channel matrix is estimated at the receiver first, and then statistical channel information can be calculated using the estimated channel matrix, including transmit correlation matrix, receive correlation matrix, noise variance, online capacity, and the proper number of the data streams to be transmitted. 
The transmit correlation matrix, data stream number, noise variance, and the online capacity estimate (or instead, the coding and modulation parameters for each data stream) are fed back to the transmitter. With these feedback parameters, the transmitter calculates the power-efficient linear precoding matrix the link adaptation (AMC) parameters for each data stream. Then the coded and modulated data streams are linearly precoded, and mapped to transmit antennas. Finally the data are transmitted via multiple antennas after the insertion of CP and reference signals. 

3. Evaluation Results
In this section, simulation results are presented for the link throughput of ECLT versus average Es/N0 values. Four channel models with correlation properties defined in [2] were considered. The simulation assumptions [3] are shown in table 1. 
Table 1 – Simulation Parameters

	System bandwidth
	20 MHz

	Number of sub-carriers
	1200

	Sub-carrier spacing
	15 kHz

	Sub-frame length
	0.5 ms (7 OFDM symbols)

	Feedback interval
	1 frame, 10ms

	Power delay profile
	SCME-A, SCME-B, SCME-C, SCME-D

	Channel estimation
	Ideal channel parameters

	Corr. matrix estimation
	Non-ideal

	Modulation
	QPSK, 16-QAM

	Coding
	1/2, Turbo codes, (13, 15)

	Vehicular speed
	3km/h

	Frame error rate
	< 10%


Two feedback types are considered for each channel model: 

(1) The differential correlated matrix is fed back directly. This approach may bring unacceptable feedback overhead.

(2) The differential correlation matrix is quantized with 16 bits (for 4 transmit antennas) before being fed back.
In the second approach, the real and imaginary part of each element of the differential correlation matrix (4 by 4 symmetric matrix) are quantized using only 2 bit. Thus the total feedback overhead for the matrix is 16 bits per frame. The feedback of other parameters (e.g. data stream number, noise variance, and the online capacity estimate) would consume 4-5 bits. And the feedback interval is 1 frame (10ms).

The link throughput of ECLT in the four channels is shown respectively in Figures 2, 3, 4 and 5. The required Eb/N0 values for link throughput 50Mbps (for SCME-A/B) or 100Mbps (for SCME-C/D) are summarized in Table 2.

Table 2 – Required Eb/N0 for target link throughput
	
	Required Eb/N0 for 50Mbps link throughput in downlink
	Required Eb/N0 for 100Mbps link throughput in downlink

	
	SCME-A
	SCME-B
	SCME-C
	SCME-D

	Without quantization of differential correlation matrix
	7.4dB
	7.2dB
	7.0dB
	6.8dB

	With 16-bit quantization of differential correlation matrix
	8.3dB
	8.0dB
	7.2dB
	7.2dB


It suggests that, with 4×4 antennas, ECLT MIMO system can achieve downlink throughput 100Mbps (5bps/Hz) at Eb/N0=7.2dB, with maximum MCS=16QAM+1/2 Turbo coding. With 4×2 antennas, ECLT MIMO system can achieve downlink throughput 50Mbps (2.5bps/Hz) at Eb/N0=8.0-8.3dB, with maximum MCS=16QAM+1/2 Turbo coding. A higher throughput may be realized with higher maximum MCSs, e.g. 64QAM+2/3 Turbo coding, or a higher Eb/N0.

Meanwhile the simulation results also argue that the quantization of the differential transmit correlation matrix only results in a small performance degradation (<1dB). 
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Figure 2: Link level simulation results for ECLT in SCME-A
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Figure 3: Link level simulation results for ECLT in SCME-B
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Figure 4: Link level simulation results for ECLT in SCME-C
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Figure 5: Link level simulation results for ECLT in SCME-D

4. Conclusions
Link-level simulation results based on SCME channel models are provided for Eigen-mode close-loop transmission. The results show that a 4×4 or 4×2 ECLT system can provide spectral efficiency 5bps/Hz or 2.5bps/Hz respectively with a moderate maximum modulation and coding rank in a relatively low Eb/N0. Higher spectral efficiency is expectable if a higher maximum modulation and coding rank is considered. Quantization of the differential correlation matrix with 16 bits can provide a low feedback overhead with an agreeable performance.

The SCME channel models in [2] actually assume a quite small correlation between antennas. If a higher correlation (that may approaches realistic environment closer) is assumed, the precoding close-loop eigen-beamforming with rank adaptation may achieve a more obvious improvement over the conventional multi-stream MIMO schemes.
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