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1. Introduction
In this contribution, we propose a simple transform method on top of the standard codebook (16e, DFT etc) for close loop SU and MU MIMO. The transform method utilizes the channel correlation information to enhance the performance of the standard codebook especially in the highly correlated channel. 

The kind of method can work with any standard codebook, antenna configuration (ULA, SLA etc) and scenarios (uncorrelated, highly correlated.
Because the correlation information changes very slowly, which is in the same level as the shadow and passloss, the feedback overhead and computation complexity from correlation information is very small. 

The detailed design has been described in [1]. Slight update (remove Cholesky decomposition for simplicity) is described in the following sections.
2. Transformed codebook
The assumed system model is 
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where 
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 is the complex AWGN with variance 
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 is the received vector; 
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 is the channel matrix of size 
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 is the beamforming matrix (or vector) of size 
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. We suppose in the i-th time period and j-th subcarriers, the correlated channel matrix is 
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where 
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 is the 
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 transmit covariance matrix. The covariance (or correlation) matrix 
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 contains the averaged directions for beamforming. 

We would like to transform standard codebook for the correlated channels. The transformation takes the form 
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where 
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 is the i-th codeword of the original codebook and the transformed codebook, respectively; 
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 converts the input matrix (or vector) 
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 to an orthogonal matrix with orthonormal column(s) that span the same subspace as 
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’s columns. 
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 is essentially the orthogonalization of 
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’s columns and can be simply implemented by Grant-Schmidt operation. 
The normalized transformation matrix can be quantized in floating level, in general the measured correlation matrix can have
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where the diagonal entries are positive and the other nonzero numbers are complex. The normalized diagonal entries can be quantized by 1 bit and normalized complex numbers are quantized by 4 bits. So the total overhead is 6 bits for 2 transmit antenna and 28 bits for 4 transmit antenna.

3. Complexity
The overall complexity for generating the transformed codebook is comparable to the codeword search per resource block per frame. However, the codeword search is required for multiple, typically 5, resource blocks across the frequency per frame, while the codebook transformation runs only once for the whole frequency band per 10 or 20 frames. Therefore, the complexity for codebook transformation is only about 1% of that of the codeword search and thus it is negligible. In addition, 3-bit codebook is primarily used and there are only 8 codewords in the codebook. This further reduces the complexity. 

The key operation in the codebook transformation is the Grant-Schmidt operation, 
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. Note that this operation is required only for rank 1 and rank 2 scenarios because beamforming doesn’t gain for rank 4 with 4-Tx antennas and the complementary, norm vector is used in feedback quantization for rank 3 with 4-Tx antennas. Note that the multiplication of two complex numbers can be implemented by three real multiplications with five real additions. For 
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 real multiplications (RMs) and 1 table lookup (TL) for the inversion. For 
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The complexity is 
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 real multiplications and 2 table lookups. The overall complexities of codebook transformation are summarized in Table 1. 
Table 1. Complexities of codebook transformation.

	
	Real multiplication
	Table lookup

	2x1
	orth()
	6
	1

	
	Codebook transformation with 8 codewords
	128
	8

	4x1
	orth()
	12
	1

	
	Codebook transformation with 8 codewords
	448
	8

	4x2
	orth()
	48
	2

	
	Codebook transformation with 8 codewords
	1088
	16


4. Performance
The performance of system level simulation is provided. The stream supported is 2 for 4x2. For MUZF, every user transmits one stream and 2 users are scheduled in one RU. For transformed codebook, we also need feed back the quantized transform information; however this information is whole band and periodical feedback, such as 50/100ms.

From the figure 1 and figure 2, transformed codebook works well in any scenario and has promising gain in high correlated channel.
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Figure 1 System level simulation of SE comparison on MUZF in 4 transmit antenna 
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Figure 2 System level simulation of User throughput CDF on MUZF
5. Proposed SDD Text

11.8.2.1.3 Feedback for SU-MIMO

[Change from line 14 to 20 in page 83 to
For codebook based precoding, two three different feedback modes for the PMI are supported:

· The standard mode: the feedback from a mobile station shall be based on the same codebook as used by base station for transmission, and it shall be sufficient for the base station to determine a new precoder. The PMI feedback from a mobile station shall represent an entry of the base codebook. It shall be sufficient for the base station to determine a new precoder.
· The adaptive mode: The PMI feedback from a mobile station shall represent an entry of the transformed base codebook according to long term channel information.
· The differential mode: the feedback from a mobile station provides a differential knowledge which represents information that is used along with other feedback information known at the base station for determining a new precoder. the feedback from a mobile station provides a differential knowledge of the short-term channel information. This feedback represents information that is used along with other feedback information known at the base station for determining a new precoder.
Mobile station shall support the standard mode and may support the differential mode.

For codebook based precoding, the feedback from a mobile station shall be based on the same codebook as used by base station for transmission.
11.8.2.2.3.2 CSI feedback

[Change the line from 32 to 38 in page 84]: 
For codebook based precoding, two three different feedback modes for the PMI are supported:

· The standard mode: the feedback from a mobile station shall be based on the same codebook as used by base station for transmission, and it shall be sufficient for the base station to determine a new precoder. The PMI feedback from a mobile station shall represent an entry of the base codebook. It shall be sufficient for the base station to determine a new precoder.
· The adaptive mode: The PMI feedback from a mobile station shall represent an entry of the transformed base codebook according to long term channel information.
· The differential mode: the feedback from a mobile station provides a differential knowledge which represents information that is used along with other feedback information known at the base station for determining a new precoder. the feedback from a mobile station provides a differential knowledge of the short-term channel information. This feedback represents information that is used along with other feedback information known at the base station for determining a new precoder.
Mobile station shall support the standard mode and may support the differential mode.

For codebook based precoding, the feedback from a mobile station shall be based on the same codebook as used by base station for transmission.
6. Appendix

[1]. IEEE C802.16m_MIMO-08/1182  ”Codebook design for IEEE 802.16m MIMO Schemes”
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