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1. Introduction

We describe feedback schemes for downlink MIMO pre-coding and transmit beamforming (TxBF). MIMO pre-coding or a TxBF matrix can be quantized using codebook-based approach. SVD or an equivalent beamforming algorithm can be used to generate the pre-coding matrix before quantization. Group feedback that considers one feedback per group of resource blocks (RBs) can be used to reduce feedback overhead. A codebook-based MIMO pre-coding and TxBF scheme using combined differential and non-differential feedback was considered and evaluated for uplink MIMO [1]. In this document we consider a similar feedback scheme of combined differential and non-differential feedback for codebook-based MIMO pre-coding and TxBF for various configurations of downlink MIMO. 

2. System description 

2.1. MIMO pre-coding

Channel response matrix H can be decomposed into 
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The pre-coding matrix V can be represented using Jacobi rotation or another transform matrix. For a 2 x 2 MIMO configuration the pre-coding matrix is represented as,
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For higher dimension MIMO configurations such as 4 x 2, 4 x 3 or 4 x 4, the pre-coding matrix can be represented using a mixed two-stage transform or beamforming matrix which is described in a later section.
2.2. Differential feedback

Differential feedback using iterative transforms may be used to reduce feedback overhead. For feedback instance n-1, the pre-coding matrix is represented by,
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For the next feedback instance n, the pre-coding matrix is,
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When the channel changes, 
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 is not diagonal. The precoding matrix needs to be updated for correct diagonalization. Call V the differential precoding matrix that represents the delta of the feedback update which is sent back to the transmitter from the receiver. The previous precoding matrix V(n-1) is updated to obtain the next precoding matrix V(n) by multiplying the previous precoding matrix with the differential pre-coding matrix V,
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The differential feedback V can be computed at the receiver from the previous precoding matrix V(n-1) and the current precoding matrix V(n) by
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2.3. Combined differential and non-differential feedback

In general differential feedback may be more suitable for low speed channels and non-differential feedback may be suitable for high speed channels. A combined differential and non-differential feedback may be considered for feedback overhead reduction and performance improvement. 

Differential feedback can be reset every N TTIs or every certain period of time for avoiding error accumulation or propagation due to differential processing and feedback errors/erasures. At each reset non-differential feedback is used. Non-differential feedback occurs every N TTIs in which information for the full pre-coding matrix is fed back. Differential feedback is used for the TTIs between the resets or between non-differential feedbacks in which only information for the delta pre-coding matrix is fed back. 

Two codebooks can be used for the combined differential and non-differential feedback. The codebook of less quantization levels is used for differential feedback which requires less feedback bits and codebook of more quantization levels is used for non-differential feedback which requires more feedback bits for quantization. A combined differential and non-differential feedback can reduce the feedback overhead and improve the performance for the MIMO pre-coding.

2.4. Two-stage beamforming

For 4x2 MIMO, we propose to use a two-stage pre-coding as shown in Figure 1, where the inner pre-coder is a 4x2 matrix and outer pre-coder is a 2x2 matrix. The composite pre-coding matrix can be written as  
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More specifically, the outer pre-coding matrix 
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 is the Jacobi rotation matrix described earlier for a 2x2 MIMO. The inner pre-coding matrix consists of two column vectors of a 4x4 DFT matrix. Accordingly, codeword selection is separated into two stages. In the first stage, the inner pre-coding matrix 
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 is selected such that channel capacity defined by effective channel matrix 
[image: image6.wmf]2

HV

 is maximized. In the second stage, the effective channel matrix 
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 is used to obtain the Jacobi rotation matrix for the outer pre-coder. To maintain the same feedback overhead, the codebook size for inner and outer pre-coders should be smaller than the codebook for one-stage pre-coding. For the same overhead, it is shown from simulations that two-stage pre-coding performs better than a one-stage approach. It should be noted that, for the same total codebook size, the two-stage pre-coding approach requires less searching complexity. Assuming N1 and N2 are the size of the outer and inner codebooks, the searching complexity is proportional to N1 + N2. For the one-stage approach the complexity is proportional to N1*N2.
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Figure 1. Illustration of two-stage pre-coding for a 4x2 MIMO
2.5. Mixed transform feedback

A mixed transform feedback of a pre-coding matrix is described. Two stages are required to perform the mixed transform. The first stage reduces the dimension of MIMO pre-coding matrix to a lower dimension sub-matrix. A Householder transform can be used for such a purpose [2]. The Householder transform is expressed by the following equations:
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where F is the Householder reflection matrix and w is the difference between the pre-coding vector v and unit vector e.

The second stage uses a Jacobi rotation matrix to represent the sub-matrix after matrix reduction. The sub-matrix T can be represented by a Jacobi rotation matrix with two parameters 
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The mixed or two-stage transform feedback of the pre-coding matrix is depicted in Figure 2.
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Figure 2. Mixed transform feedback.
The pre-coding matrix is reconstructed at the transmitter using the feedback information. Figure 3 depicts the reconstruction operation of the pre-coding matrix.
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Figure 3. Pre-coding matrix reconstruction using feedback information.
3. Simulations Results
In this section, we provide preliminary simulation results comparing two-stage pre-coding with one-stage pre-coding for a 4x2 MIMO. For one stage pre-coding, we construct a codebook with 8 entries. Each entry is obtained by multiplying a 4x4 DFT matrix with a random diagonal matrix with phase randomly drawn from a uniform distribution between [0, 2*pi]. In operation, two columns are selected from one of eight matrices as a pre-coding matrix. As there are total of 48 combinations, a 6-bit index is needed. The one-stage pre--coding scheme is similar to method described in [3]. For two-stage pre-coding, two columns are selected from a DFT matrix for the inner pre-coder, and one of eight Jacobi rotation matrices is selected as the outer pre-coder. Similar to one-stage pre-coding, there are total of 48 combinations. The eight Jacobi rotation matrices are constructed as
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Table 1 Simulation Parameters

	Issues
	Details

	MIMO Configuration
	4x2

	TTI length
	0.5 ms 

	Number of OFDM symbols per TTI
	6 (data) + 1 (pilot) 

	Transmission BW
	5MHz

	Available sub-carriers
	300

	FFT size
	512

	CP Length 
	Short

	RB size
	12 sub-carriers, 1 TTI

	Block size
	10 RBs

	HARQ
	None

	Target PER
	10%

	Channel estimation
	Ideal

	Pre-coder index feedback overhead
	6 bits per RB

	Uplink feedback delay
	1 TTI

	Carrier Frequency
	2.0G

	Channel Model
	TU6, 3kmh

	Antenna Correlation (TX, RX)
	(0, 0)


[image: image14.wmf]
Figure 4. Performance comparison between two-stage and one-stage precoding for a 4x2 MIMO

Simulation parameters are shown in Table 1. Figure 4 shows performance comparison between one-stage and two-stage pre-coding methods, both using 6 bits feedback as a pre-coding index. It can be seen that the two-stage approach provides about 1 dB improvement over one-stage pre-coding, while requiring less searching complexity.
4. Conclusions

In this document a MIMO pre-coding feedback scheme based on differential feedback and mixed transform or two-stage feedback and beamforming is described for downlink MIMO.  Combined differential and non-differential feedback with periodic resetting is considered. Differential feedback with mixed or two-stage transform feedback and pre-coding requires less feedback overhead than non-differential feedback while the performance is maintained.   
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