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Beamforming feedback for frequency selective channels
Qinghua Li, Xintian Eddie Lin, Guangjie Li, Hongming Zheng, Shanshan Zheng, Senjie Zhang
Feng Zhou, Minnie Ho, Yang-Seok Choi 
Intel Corporation

Abstract
In the existing proposals, there is only one beamforming matrix feedback per frequency subband. This causes about 10% performance degradation due to frequency selectivity across the subband for uncorrelated and weakly correlated MIMO channels. We propose feeding back two beamforming matrixes per subband and interpolating the beamforming matrixes across the subband. A gain of 4% is achieved for the same feedback overhead.

1. Introduction
In the existing systems, only one beamforming matrix is fed back per frequency subband. The beamforming matrix (or referred to as precoding matrix index (PMI)) is then used for the transmit beamforming for the whole subband. This causes performance degradation because the channel response and thus the ideal beamforming matrix vary across the subcarriers within the subband. This problem gets severe as the subband bandwidth increases. 
For multiuser MIMO (MU-MIMO), a large subband width is used to increase the chance of user pairing. Therefore, the subband usually has 72 subcarriers i.e. about 800 kHz for multiuser MIMO, which consists of 4 consecutive 18x6 tiles. Bandwidths greater than 72 subcarriers are likely to be used for reducing feedback overhead. The variation of the channel response within the subband causes the ideal beamforming angle to vary for about 50 degrees for typical channels, which are spatially uncorrelated and spatially weakly correlated MIMO channels. An example of the real part of the channel response is shown in Figure 1. The corresponding beamforming angle varies across the 72 subcarriers as shown in Figure 2. The angle variation reduces the beamforming accuracy for the edges of the subband and causes strong interference across users’ signals for the downlink of multi-user MIMO. In addition, the variation of the signal quality within the subband may also limit the usage of high rate channel codes. It is desirable to reduce the variation and improve the beamforming accuracy.
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Figure 1. Frequency selective channel across 72 subcarriers. 
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Figure 2. Beamforming angle variation across 72 subcarriers for a 2x2 MIMO channel. 
2. Proposed solution

Instead of one beamforming matrix, we propose an option to feed back two beamforming matrixes per subband when feedback bandwidth is available. Namely, it is an optional configuration for the mobile user to generate two feedbacks per subband. Since the feedback channel can indeed carry more bits for strong users, this option allows the strong users to benefit from their good channels. 

The two feedback matrixes are for the high and low ends of the frequency subband, respectively. Interpolation is made for all the beamforming matrixes in the subband using the two fed back matrixes. Therefore, the applied beamforming matrixes smoothly vary across the subband. The existing and the proposed schemes are illustrated one the left and right in Figure 3, respectively.
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Figure 3. One and two PMIs per subband. 
A simulation is made for 2x2 single-user MIMO with 1 stream transmission and Pedestrian B eITU channels without spatial correlation. As a baseline, the 802.16e 3-bit codebook is used for the center subcarrier of the subband, i.e. the 37-th subcarrier. It is compared to two enhancement options. The first one increases the codebook resolution by using an optimal 6-bit codebook that has uniformly distributed codewords. The feedback is only for the center subcarrier and the performance is increased by 2.5 %. However, adding the 6-bit codebook increases the number of codebooks and complicates the system design. The other option uses two feedbacks using the 802.16e 3-bit codebook as shown on the right of Figure 3. It increases the performance by 4.1% without adding a new codebook. Therefore, the second option is more desirable in view of both performance and complexity. 
[image: image4.emf]-6-4-20246

1

1.5

2

2.5

3

3.5

SNR (dB)

Beamformed channel capacity (b/s/Hz)

 

 

ideal feedback

16e codebook, 3 bit

uniform codebook, 6 bit

16e codebook, 2x3 bit, interpolated


Figure 4. Channel capacities for 2x2 MIMO with 1 stream transmission. 
3. Proposed SDD Text
Add following text in page 83, line 23 and page 84, line 34
“The feedback of two PMIs per subband may be supported.”
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