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1 Introduction

Due to the complexity of the communication environments and uncertainty of the multiple antennas configuration, many different MIMO solutions for E-UTRA are put forward trying to improve the system throughput and reliability [1]. In this contribution, we give an eigen-mode close-loop transmission (ECLT) for E-UTRA MIMO, which is designed on the basis of the statistical water-filling and eigen-beam forming method. The proposed method applies to various propagation environments that are characterized by the numbers of transmit and receive antennas, UE mobility, transmit correlation, receive correlation, LOS component, and power delay profile.
2 ECLT
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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 in the receiver first, and then statistical channel information can be obtained by using the estimated channel matrix, including the transmit correlation matrix, receive correlation matrix, noise variance, online capacity, and the possible number of the data streams to be transmitted. The transmit correlation matrix, data stream number, noise variance, and the online capacity estimate (or, instead of the online capacity estimate, the coding and modulation parameters for each data stream) are fed back to the transmitter. With these feedback parameters, the transmitter calculates the link adaptation parameters including those for the coding and modulation of each data stream and power-efficient linear precoding. Finally the coded and modulated data streams are linearly precoded, mapped to transmit antennas, added with CP and pilots and transmitted via antennas. In the following, we give the details of ECLT.

2.1 Channel Statistical Information Acquirement

1) Signal model

Consider a single user MIMO system with NT transmit antennas and NR receive antennas, the input-output relation for the MIMO channel can be expressed as
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where k, l and p denotes the k-th sub-frame, l-th sample and p-th propagation path. y(k), Hp(k), x(k) and z(k) are the NT ( 1 output vector at the receiver, NT ( NR channel matrix, NR ( 1 transmitted symbol vector and NT ( 1 noise vector respectively. 

Here the channel model is considered as a very general one, where the transmit correlation, receive correlation, LOS component, power delay profile and the UE mobility are included. The channel matrix Hp(k) and noise variance 
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 can be obtained through the pilot aided channel estimation.
2) Calculation and eigen-decomposition of correlation matrix
With the channel estimates, we calculate the transmit and receive correlation matrices 
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where t, K and ( indicate the t-th feedback frame, the number of used channel samples in the t-th feedback frame and a weighting factor for tracking the time-variation of the channel respectively. When the channel is slowly varying, we can obtain the instantaneous estimation of the correlation matrices from eq. (3)

 with a proper selection of the factor (. The superscript H represents the complex conjugate-transpose operation. (2)

 and 
Performing the eigen-decomposition of the above two correlation matrices, we have
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where 
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 are the eigen-matrices of the transmit and receive correlation matrices respectively, and
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The eigenvalues are permuted in descending order. The column vectors of 
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 define the eigen-directions of the channel. 
3) Power allocation

In order to improve the power efficiency, the statistical spatial water-filling method is used to allocate a proper power to each eigen-direction. The power corresponding to each eigen-direction can be calculated as [2]
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The threshold ( is determined by the total transmitting power. The optimal power allocation for general channels is an open problem in the theory up to now. Simulations show the good adaptability of the above statistical spatial water-filling method.
4) Determination of stream number

It is commonly agreed that in the E-UTRA MIMO, the data stream number to be transmitted should be dynamically adjusted with the channel conditions. In this proposal, the stream number is determined by the significant eigenvalues of 
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where 
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 respectively, (R  and (T  are constant less than one. Now the data stream number can be determined by
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The influences of transmit correlation, receive correlation and possible LOS component are considered in eqs. (9)

.
(7)

 to 
5) Online capacity estimation and bit loading

After power allocation, the theoretical upper bound Cup(t) of the ergodic capacity is calculated first, and then Cup(t) is modified to obtain the online capacity estimate, which determines the possible data rate to be transmitted under current MIMO channel condition. 
The upper bound of the ergodic capacity can be calculated as
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The online capacity that indicates the possible data rate can be expressed as
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where 
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Under the constraint of not exceeding the total transmit data bits Conline(t), the modulation order and coding rate of each data stream are therefore calculated.
2.2 Feedback channel requirements
If we feed back the correlation matrix to the transmitter directly, there will be too high feedback overhead. Due to the slow variation of the spatial statistics, strong correlations exist between the correlation matrices at two sequential feedback frames. Thus we can reduce the feedback requirements by feeding back the differential correlation matrix only, i.e.
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The 
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 can be compressed and quantized, and only few data are fed back to the transmitter side. In addition, the noise variance
[image: image31.wmf]2

z

s

, the data stream number
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and the online capacity estimate Conline(t) are also fed back to the transmitter side. Instead of the online capacity estimate Conline(t), the coding and modulation information for each data stream can be fed back directly, which can be decided according to the amount of the feedback overhead.

2.3 Link adaptation parameters calculation
By taking use of the transmit correlation matrix and the noise variance, we calculate the power that allocated to each eigen-direction and the eigen-matrix 
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, and send this information to the linear pre-coding module. Furthermore, with the data stream number
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and the online capacity estimate Conline(t), the coding and modulation parameters of each data stream can be calculated and sent to the coding/modulation module.
2.4 Transmission scheme
With the link adaptation parameters, the transmitted data signal is generated as follows
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where W is an orthogonal matrix, e.g. Walsh matrix, 
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 the power allocation matrix, and V(k,l) an 
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 selection matrix. The power allocation on the eigen-directions that realized by 
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 is to improve power efficiency. This eigen-mode transmission is also known as multiple beamforming. Multiplying the symbol vector  GOTOBUTTON ZEqnNum102563  \* MERGEFORMAT  by 
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 is to map the  GOTOBUTTON ZEqnNum102563  \* MERGEFORMAT  data streams to the 
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-dimensional eigen-space in the way that spatial diversity and the maximization of an upper bound of the channel capacity can be achieved. We refer to this mapping as virtual spatial hoping (VSH) transmission scheme. Replacing the 
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 by an identity matrix, the ECLT transmission given by (13) simplifies to a spatial hoping transmission. In this case, no feedback is needed for the correlation matrix.

The V(k,l) are selected randomly from the set 
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, and maps the Ns data streams into NT-dimensional virtual space. Now, we give examples about how to choose different 
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 for a given MIMO system with four transmit antennas, which imply that the dimensions of virtual space is also four. In the following, we use 
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3 Simulations

The proposed ECLT can be directly applied to the single carrier FDMA uplink if the time domain channel estimates are available. With the frequency channel estimates, the correlation matrices can be calculated by averaging the instantaneous correlation matrices over subcarriers and then smoothing in the time domain. For applying the ECLT in the OFDM downlink, the 
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 generated by eq. (13) can be mapped to the subcarriers.

In this contribution, we present the simulations for the OFDM downlink [4] in the channel with very strong spatial correlations at Node B. The simulation parameters are given in table 1.  The orthogonal matrix W is Walsh matrix.

Table 1 – Simulation Parameters

	System bandwidth
	10 MHz

	Number of sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Sub-frame length
	0.5 ms (7 OFDM symbols)

	Feedback interval
	1 frame, 10ms

	Power delay profile
	M.1225 Vehicle A

	Channel estimation
	Ideal channel parameters

	Corr. matrix estimation
	Non-ideal

	Modulation
	QPSK, 16-QAM

	Coding
	1/2, Turbo codes, (13, 15)8

	Channel model (SCM)[3]
	Tx
	AS, 5°
AoA, 20°
Antenna spacing, 0.5λ

	
	Rx
	Uncorrelated


To demonstrate the throughputs gain of ECLT, we compare the ECLT defined by (13) with the following two schemes: 
(Scheme 1) Without beamforming and with hopping: In this scheme, the transmitted signal is 
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  (Scheme 2) Without beamforming and without hopping: In this scheme, the transmitted signal is
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Different from (14), here V(k,l) is replaced by a fixed matrix V0. We also compare the ECLT with V-BLAST. In V-BLAST, according to the online capacity estimation, the number of the data streams Ns is determined and Ns transmit antennas are selected for transmission. Finally, we evaluate the performance of the ECLT with quantization of the complex differential correlation matrix, where the real/imaginary part of each element of the matrix is quantized by 1 bit.
In the simulation, the antenna configurations are 4×2 and 4×4, and the vehicle speed varies from 3km/h, 30km/h. Figure 2 and figure 3 show the simulation results. We can see that the throughputs of the systems with ECLT are higher than the other two schemes in all of the considered environments. Figure 4 demonstrates the throughputs comparison of ECLT, V-BLAST and Scheme 1. It can be seen that the throughputs of ECLT are higher than that of V-BLAST and Scheme 1. Figure 5 shows the performance of the ECLT with quantization of the differential correlation matrix (4×4 system). With the real and the imaginary part of each element of the matrix quantized by only one bit, the total feedback requirement for the correlation matrix is 16 bits per feedback frame. It can be seen that the performance loss is not significant.
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(a) Tx=4, Rx=2                                 (b) Tx=4, Rx=4
Figure 2. Throughputs gain with ECLT: vehicle speed 3km/h

[image: image65.emf]4 5 6 7 8 9 10 11 12

8

10

12

14

16

18

20

22

24

E

s

/N

0

 (dB)

Throughtput (Mb/s)

without beamforming and without hopping

without beamforming and with hopping

ECLT

 [image: image66.emf]4 5 6 7 8 9 10 11 12

5

10

15

20

25

30

35

E

s

/N

0

 (dB)

Throughtput (Mb/s)

without beamforming and without hopping

without beamforming and with hopping

ECLT


(a) Tx=4, Rx=2                               (b) Tx=4, Rx=4
Figure 3. Throughputs gain with ECLT: vehicle speed 30km/h 
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Figure 4. Throughputs gain with ECLT: Tx=4, Rx=4, vehicle speed 3km/h
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Figure 5. Throughputs comparison between ECLT without the quantization of the differential correlation matrix and ECLT with 16-bit quantization of the differential correlation matrix:Tx=4, Rx=4, vehicle speed 3km/h

4 Conclusions
In this contribution, we present the scheme of eigen-mode close-loop transmission (ECLT) for E-UTRA MIMO. The characteristics of ECLT can be summarized as follows:

· Rank adaptation is very effective for correlated MIMO channels;
· Transmission in the eigen-directions by using multi-beam can obtain the power efficiency;

· Steam-to-antenna mapping can be easily achieved by eigen-mode transmission;

· The differential correlation matrix is quantized and fed back to the transmitter in each frame instead of each sub-frame, and then the feedback rate is low.
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