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Introduction
In the IEEE 802.16m System Requirements [1], The MIMO technique with different antenna configurations is regarded as one of the basic components for improving the system capacity without expanding the channel bandwidth. It is well known that the precoding/beamforming approach is widely used in WirelessMAN- OFDMA Reference System with designated precoding vector/matrix [2]. It is also demonstrated that the existing precoding matrix in the Reference System features fixed amount of feedback overhead and searching complexity due to constant codebook size. In this contribution we propose an equal-gain precoding matrix for MIMO scenarios. We show in the following sections that the performance of the proposed precoder is similar to the codebook-based approach in the Reference system. The benefit of the equal-gain precoding lies in its simple encoding operations since only phase shifts are needed in the precoding process.
Equal-Gain Precoding Matrix 

In the existing closed loop precoding MIMO techniques a set of precoding vectors/matrices are adopted based on the time-varying MIMO channel. The codebooks are designed independent of the number of transmit or receive antennas. On the other hand, the proposed equal-gain precoding matrix quantizes the precoding matrix using the equi-spaced constellations on the unit circle. The number of constellation points is formed by M=2q where q denotes the bitwidth of the codebook as shown in Figure 1 as an example. Note that the feedback bit number for the precoding matrix may grow in the product of (M-1) by S where M is the number of transmit antennas and S is the number of streams. The first entry of the encoding vector can be normalized to be unity and thus need not to be transmitted. 
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Figure 1 Example of an equal-gain precoder with bitwidth q=3

Simulations
The simulations evaluate the system performance of the existing precoding matrix and the proposed equal-gain approach. The number of data streams is fixed at one. The MIMO channel is iid complex channels. The feedback overhead of the existing precoding matrix is fixed at 6 bits per precoding MIMO transmission. In the proposed equal-gain precoding approach, the total number of bits is kept at also 6 bits. This means that the feedback quantity for each transmit antenna will be 2 bits. In the simulation results we compare four transmission schemes, ie.e, STBC encoder, the Grassmannian precoder [3], the equal-gain precoder, and the optimal SVD precoder. In Figure 2 we let M=2, S=1, and N=1 or 2 where N is the number of receive antenna. It can be seen that the Grassmannian and equal-gain precoders perform very similarly and are worse than the SVD un-quantized precoding by less than 1 dB without channel coding. Figure 3 shows the comparison result of the mentioned precoders with N=4, S=1, and N=1,2. The performance of the equal-gain precoder is still close to the Grassmannian precoder. Therefore it can be shown that the equal-gain precoder does not lose performance advantage as compared to the Grassmannian precoder under the assumption of equal feedback bits. However, the equal-gain precoder enjoys another benefit in encoding the transmitted signal. It is because the elements of the equal-gain precoder are composed of equi-spaced constellations on the unit circle. Thus the phase shift operations can be used instead of complex-valued multiplication operations. Moreover, when the encoded bits are less than 3, the elements in the precoder will contain only {1,-1, j, -j}. The multiplication operations can be replaced by data exchange or sign change. In this case the encoding process will become much easier than the conventional precoding procedures.
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Figure 2. Bit error probability comparison for different precoders with two transmit antennas.
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Figure 3. Bit error probability comparison for different precoders with four transmit antennas.

Conclusions

 We propose to provide the equal-gain precoder as a candidate for the DL MIMO precoding/beamforming scheme. From the simulation results it can be observed that the equal-gain precoder performs close to the Grassmannian precoder with two and four transmit antennas. Moreover, the equal-gain precoder has additional advantages such as low storage requirement for the precoding codebooks, and encoding simplicity on the transmit side. Therefore it can be a promising approach to be considered for the advanced DL MIMO techniques.
Proposed Texts
 We suggest the following proposed texts 

============== Start of proposed texts =================================================

11 Physical layer

  11.x DL MIMO schemes

     11.x.y DL MIMO Precoding
In the precoding MIMO schemes, the equal-gain precoder with equi-spaced constellations can be taken into consideration for improving the system performance while decreasing the feedback overhead. Figure x shows an example.
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Figure x Example of equal-gain precoder with encoding bitwidth of 3.
============== End of proposed texts ================================================
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