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1. Introduction

Precoded MIMO transmission is a closed loop method which allows improvement in link performance based on channel knowledge. Codebook based methods provide a trade off between feedback overhead and closed loop MIMO performance and have been considered favourably for 3GPP LTE. In general for 2x2 and 4x2 MIMO two streams can be transmitted. However when channel conditions are not favourable, rank adaptation is important to be considered to adapt to channel rank and geometry. When this optimization is done at the UE size, extra information is required to be fed back which increases overhead on the already constrained feedback link. 
In general, two bits may be required to choose between spatial multiplexing (equal power on all streams) and beamforming (single stream transmission) along one of two possible streams for 2x2 MIMO.

In this contribution, we propose precoding methodologies for EUTRA MIMO in which rank adaptation is done at the UE side. One methodology consists of optimization of unitary precoding with rank adaptation between spatial multiplexing and beamforming for an added overhead of a single bit per precoding cluster instead of the two possible bits mentioned above. Alternatively, a different rank adaptation mechanism is obtained when rank information is encoded in CQI feedback.
In addition, in the precoding methodology proposed here, we constrain that one codeword in the codebook is the identity matrix. This allows fast switching between closed loop and open loop MIMO at the physical layer.
2.  Precoded MIMO Transmission

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

The precoded MIMO scheme proposed for EUTRA 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. We also assume a scenario where frequency dependent scheduling is used for closed loop MIMO so that CQI values are fed back for each RB to obtain good frequency scheduling gains. In addition, we assume that precoding indices are fed back periodically and are reflected in the CQI values used for scheduling. 

3 Precoding Mechanisms
3.1  Single Bit Rank Adaptation

In this methodology, the precoding matrix has the form 
P = DW

where W is a unitary matrix from a unitary codebook and D is a diagonal matrix with diagonal elements (d1 , d2) such that d1 take values from the set (1, ½) and d1 + d2 = 1.

Thus beamforming is implemented by enforcing the first stream to be dominant stream. This can be achieved by aligning the columns of W such that the first column of W is aligned along the dominant spatial stream of the MIMO channel. For example, when SVD based precoding is used, the columns of the matrix of the eigenvectors can be interchanged to have the dominant eigenvector along the first column, which is then used to find the ‘closest’ precoding matrix from the codebook. In general, this alignment can be achieved with any precoding method.

It is straightforward to generalize this for 4x4 MIMO.
3.3 CQI Encoded Rank Adaptation
In this methodology, the precoding matrix is unitary from a unitary codebook – the rank adaptation is encoded in the CQI feedback. Consider the case for 2x2 MIMO. In the case of SM, the CQI values are sent as usual. However, when the channel rank is one, then BF is enforced by feeding back a CQI value for one stream below a threshold. Thus when the feedback CQI values for any stream is below a certain threshold it is understood that at the transmitter, that spatial stream is turned off or zero power is given to that stream.
3.4 Physical Layer Switching between open and closed loop MIMO

For the case of 2x2 and 4x4 MIMO, this can be implemented with the simple constraint that the codebook contains the identity matrix as one of the codewords. 
Open loop MIMO can be implemented by feeding back the index to the identity matrix along with the spatial multiplexing option. This mechanism allows for fast dynamic switching in EUTRA at the physical layer compared to other possibilities of switching at a higher layer.
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