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Abstract

In TSGR1#20 Busan meeting, 21st-25th May 2001, Tdoc R1-01-0639, the weighted combing concept for >2 antenna Tx diversity was included in Tx diversity TR 25.869. In this document, it is shown that the weighted combing concept is able to extend for CL-MIMO.
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1 Introduction
More than 2 (>2) antenna TxD

In TR 25.869: Tx diversity solutions for multiple antennas, two kinds of basis selection scheme are described [1]. One is ST (Short Term) basis selection concept and another is eigenbeamforming concept for LT (Long Term) basis selection. Both of concepts are very effective methods to reduce feedback information in case of more than 2 antennas Tx diversity.

Basis selection scheme is implemented by two-step approach as shown in figure 1. The first step is basis selection in the likelihood basis pool and the next step is the combining of selected basis with coefficients. If the first step is processed by LT channel property as proposed by Siemens[2], the feedback information would be decreased very effectively in correlated channel environment. 
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Figure 1. Two-step approach for Tx diversity
Furthermore, if we apply the equal gain combing scheme for the second step rather than just one bit switching, additional SNR gain could be obtained even without extra signaling of feedback information [3].
Weighted combining concept

In the Busan TSG R1 #20 meeting, we proposed to use the weighted combing concept for the second step. Since the equal gain combining scheme may cause the degradation of system performance  when LT basis values are quite different to each other, for example LT eigenvalue ratio < 1, the weighted combing scheme should be more effective to obtain the SNR gain. The weighted combing scheme is processed by following manner [4]:

A short term estimate of the UE received power is performed for each weight vector by calculating
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. m characterizes the degree of the combining phase. Where (1 and (2 are first and second largest eigenvalue, respectably and q1 and q2 are eigenvectors according to the their eigenvalue. The weight vector that gives the maximum value of the received power Pm is selected and signaled to the Node B.
In figure 2, the diagrams of three basis combining methods are described.




(a) Beam switching
(b) Equal Gain
(c) Weighted combining concept

Figure 2. Basis combining methods

Extension of weighted combining concept

The weighted combining concept applied in >2 antenna Tx diversity can be extended to CL-MIMO processing. In CL-MIMO, different MCS levels are applied to each antenna based on each LT basis value.

2 Simulation results

The raw BER comparison of CL-MIMO and the other schemes is evaluated in flat fading channel. Table 1 and table 2 are the list of simulation parameters and the channel models are referred to R1-01-0883.

Table 1 Simulation parameters for figure 3
	Parameter
	Single(1x1)
	MIMO(Uncorr)
	MIMO(Corr)
	Eigen-beamforming

	Tx:Rx antennas
	1:1
	4:4

	Multiplexing
	1
	4
	2
	1

	Modulation
	16QAM
	BPSK
	QPSK
	16QAM

	Throughput
	4bits

	MIMO Channel
	N/A
	Case 1
Uncorrelated
Flat
	Case 4 (Modified)

Microcell
Flat

	Element spacing
	N/A
	0.5 wavelength

	PDP
	Single Path

	Tx Channel Knowledge
	Nothing
	LT basis vectors
	LT+ST


Table 2 Simulation parameters for figure 4
	Parameter
	MIMO(Uncorr)
	MIMO(Corr)
	CL-MIMO(LT)
	CL-MIMO(6bits)

	Tx:Rx antennas
	4:4

	Multiplexing
	4
	2

	Modulation
	BPSK
	QPSK
	1: 16QAM

2: QPSK

	Throughput
	4bits
	6bits

	MIMO Channel
	Case 1
Uncorrelated Flat
	Case 4 (Modified)

Microcell 

Flat

	Element spacing
	N/A
	0.5 wavelength

	PDP
	Single Path

	Tx Channel Knowledge
	Nothing
	LT basis vectors
	LT basis vectors

LT basis values


CL-MIMO with LT basis selection

In figure 3, the raw BER of the CL-MIMO with LT basis selection is compared with Single(1x1) and MIMO(Corr) in case of correlated multi-antenna environments. Since the MIMO channel is assumed to be highly correlated, the performance of CL-MIMO(LT) is much better than MIMO(corr) ,while it is worse than the weighted combine eigenbeamforming in this situation. 
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Figure 3. CL-MIMO with LT basis selection in the correlated environment

Applying weighted combining concept

In figure 4, the raw BER of the CL-MIMO which is extended the weighted combining concept is compared with MIMO(Corr), MIMO(Uncorr) and CL-MIMO(LT). As a results, although more 2 bits added to CL-MIMO(LT), the performance of CL-MIMO(6bits) is still better than MIMO(Uncorr) by about 1.5dB.
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Figure 4. Applying weighted combining concept for throughput increase

3 Further study

Two step approach for CL-MIMO

The MIMO system model can be described as the following system model:
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where x is the N-dimensional transmitted data vector, H is the MxN MIMO channel matrix, n is the M-dimensional Gaussian noise vector and y is the M-dimensional received data vector [5].

For the first step, we need to calculate the LT covariance matrix (RLT) from the instantaneous covariance matrix (RIN) through the following manner:
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where the instantaneous covariance matrix is calculated as RIN = HHH, k is represent the time index of the instantaneous covariance matrix and QLT is the basis matrix which consists of the effective eigenvectors of RLT and (LT is the diagonal basis value matrix which consists of the effective eigenvalues of RLT.

For the second step, we need to calculate the ST covariance matrix (RST) from the instantaneous covariance matrix (RIN) and the LT covariance properties (QLT, (LT) through the following manner: 
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where QST is the basis matrix which consists of the effective eigenvectors of RST and (ST is the diagonal basis value matrix which consists of the effective eigenvalues of RST.

By above two-step calculation, we can make the optimum instantaneous weight matrix, which consist of the weight basis through follow manner:
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Figure 5 shows the block diagram for two-step approach of CL-MIMO. As described above, not only basis vectors but also basis values are necessary for two-step approach CL-MIMO.









Figure 5. Two-step approach for CL-MIMO

4 Conclusion

We summarize two kinds of basis schemes, which are described in TxDiv TR 25.869. Those schemes are implemented by two-step approach for efficiently reducing the feedback information. Furthermore, not only the basis vector but also the basis value feedback is highly important for enhancing the performance of >2 antenna Tx diversity and similar concept is also applicable for CL-MIMO. Therefore, we strongly propose to study the extended weighted combing concept for CL-MIMO in the working group.
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