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1. Introduction

This paper discusses MIMO transmission schemes for the DL in EUTRA based on codebook based precoding. Precoded MIMO transmission is a closed loop method which allows improvement in link performance based on channel knowledge. However, it has been established that reduction in feedback overhead is critical for closed loop MIMO to be practical. Codebook based methods provide a trade off between feedback overhead and closed loop MIMO performance. In this contribution, we evaluate unitary precoding and compare the performance of two codebook based schemes, one based on vector codebook and the other based on matrix codebooks. We conclude that matrix codebooks provide a better trade off between feedback overhead and performance than vector codebooks. We show that using matrix codebook, a smaller feedback overhead is required to achieve the same performance as the vector codebook proposed in [2]. Likewise, we recommend the use of matrix codebooks in 3GPP LTE.
2.  Precoded MIMO Transmission

[image: image1]
Figure 1. Precoded MIMO with Horizontal Encoding.

The precoded MIMO scheme used here is given in Figure 1. We assume horizontal encoding, i.e two independent codewords are transmitted assuming 2 receive antennas. The two streams are precoded and sent over 4 or 2 transmit antennas. It is assumed that adaptive modulation and coding (AMC) is done over each resource block (RB), i.e the common coding and modulation for each user is not assumed as required in the TR 25.824. This assumption is made to obtain an improvement in link spectral efficiency and provides an upper bound on the performance with common AMC – we believe that this assumption will not change the conclusions in general. The AMC levels used and downlink numerology are enumerated in the Appendix.

2.1 Precoding schemes

The unitary precoding schemes presented here feed back the index of the quantized values of the left singular vectors of the MIMO channel. We compare the vector codebook based precoding in [2] with matrix based codebooks presented here. For the 2x2 system the vector codebook method uses vector codebooks for 2x1 and 1x1 vectors, while the matrix codebook uses 2x2 matrices as codewords. Similarly, for the 4x2 system the vector codebook method uses vector codebooks for 4x1 and 3x1 vectors, while the matrix codebook uses 2x4 matrices as codewords. The feedback rates required for the two schemes presented in the simulations are given in the following table:

	
	Feedback for Ref [2] vector codebook scheme
	Feedback for proposed matrix codebook scheme

	2x2 system
	4 bits/RB
	4 bits/RB

	4x2 system
	11 bits/RB
	6 bits/RB


3. Simulation Results
In the following figures, overhead loss of 5/7 in the downlink is incorporated. Figure 2 shows the performance of the 2x2 precoded system at 3 km/hr for iid channel (ρt=0 and ρr=0) , where it is clear that for the same feedback requirement, the matrix codebook method has a 1-2 dB gain over the vector codebook method. Similar results are obtained at 30 km/hr.
Figure 4 compares the two methods for the 4x2 system at 3km/hr, where we see that for similar performance, the matrix codebook method has a reduction of about 45% in feedback requirement.  Similar results are obtained 30 km/hr.
[image: image2.wmf]
Figure 2.   2x2 system performance comparison of matrix and vector codebook methods at 3km/hr, TU channel, with i.i.d (ρt=0 and ρr=0). For the same feedback requirement, the matrix codebook method has a 1-2 dB gain over the vector codebook method.
[image: image3.wmf]
Figure 3.  4x2 system performance comparison of matrix and vector codebook methods at 3km/hr, TU channel, with i.i.d (ρt=0 and ρr=0). For similar performance, the matrix codebook method has a reduction of about 45% in feedback requirement.
5 Discussion and Conclusion

We make the following observations:
1. The matrix codebook schemes given here provide a better trade off between feedback overhead and link performance than the vector codebook methods. 
2. It is illustrated here that for the same feedback rate, matrix codebooks provide better performance than vector codebook; while for similar performance matrix codebooks require smaller feedback.
3. In general, the above conclusions made for the link level results can be generalized to system level performance.

4. As a result it is highly desirable to incorporate matrix codebook based methods in the 3GPP LTE standards.
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Appendix

A. DL Numerology and simulation parameters

	Carrier frequency
	1.9 GHz

	Sampling frequency
	7.68 MHz

	Number of total OFDM sub-carriers
	512

	Sub-carrier spacing
	15 kHz

	Number of used sub-carriers (including DC)
	301

	OFDM symbol duration
	68  s

	Subframe duration
	7 OFDM symbols = 0.50 ms

	Number of carriers per subchannel/resource block
	25

	Subchannel carrier mapping
	Localized 

	Total Number of subchannels
	12

	Pilot and control 
	2 OFDM symbols

	Channel estimation 
	ideal

	HARQ
	None

	Feedback delay for precoding
	3 subframes


The OFDM parameters used are specified in the table above and are in accordance to [1]. In our simulations, we assume that the 2 OFDM symbols carries the pilot and control data, only five OFDM symbols are available from data transmission. 

The simulation parameters are described below:

One turbo code block per TTI (based on UTRA Release 6 specifications)

Channel conditions = GSM 6-ray Typical Urban

Receiver structure – Minimum Mean Square Error (MMSE)  

MIMO channel model 

1. Kronecker model, with exponentially decaying correlation parameterized by the transmit and receive parameters ρt and ρr, the channel correlation is given by 
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B. AMC levels
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