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3-Bit 2-Tx Codebook for Close Loop MIMO
Frank Zhou, Erik Stauffer, Arogyaswami Paulraj, Bert Hochwald, Beceem
1. Introduction
The 3-Bit 2-Tx codebook in 16e was designed 3-4 years ago without the power balance across antennas in mind.  Similar mis-haps at that time were Antenna Selection and Antenna Grouping in 16e. Typical contemporary BS implementation involves one constant PA per antenna.  In order to maximize the usage of PA power, the codeword should have constant modulus over its elements. The property of constant modulus with quaternary alphabet can also enable faster search and potentially eliminate SVD operations in MS implementations. Competing standard has codebooks designed with the above considerations in mind. Here we propose a new 3-Bit 2-Tx codebook that further improves the counterpart in competing standard.  It has been shown that performance of the 3-Bit 2-Tx codebook in the competing standard is similar compared with the 16e 3-Bit 2-Tx codebook; therefore the 3-Bit 2-Tx codebook we propose outperforms the 16e 3-Bit 2-Tx codebook.
2. 3-Bit 2-Tx Codebook in Competing Standard


[image: image1]
3. Salient Features of the New Proposed 3-Bit 2-Tx Codebook
· Fully utilize 8 indexes

· Results in better vector space quantization relative to the codebook in section 2 which is a subset of the 3-Bit 2-Tx codebook we propose
· Constant modulus to enable power balance over antennas

· Easier to search and potentially eliminating SVD operations at MS due to quaternary alphabet
· Rank 1 vector codeword is the first column of the corresponding (same index) Rank 2 matrix codeword; therefore, BS can perform rank overwrite if needed

4. New Proposed 3-Bit 2-Tx Codebook


[image: image2]
5. Performance of 16e 3-Bit 2-Tx Codebook is Comparable with the Codebook in Section 2


[image: image3]
Source: Nextwave

Here the purple curve is the codebook in section 2.
6. Conclusion
We recommend adopting the new proposed 3-Bit 2-Tx codebook since it simplifies MS implementation, maximizes the BS PA power, and outperforms the 16e 3-Bit 2-Tx codebook.
7. Text Changes
[Add the following text to the end of section 8.4.5.4.10.15, page 841, line 19]

Following are definitions of a new 3-Bit 2-Tx codebook:
The codebook uses entries from the quaternary alphabet {1, j, -1, -j}.
Table xxx – New 3-Bit 2-Tx Codebook for Close Loop MIMO

[image: image4]
[image: image5.wmf]Codebook 

index

 

Number of layers 

u

 

 

1

 

2

 

0

 

ú

û

ù

ê

ë

é

0

1

 

ú

û

ù

ê

ë

é

1

0

0

1

2

1

 

1

 

ú

û

ù

ê

ë

é

1

0

 

ú

û

ù

ê

ë

é

-

1

1

1

1

2

1

 

2

 

ú

û

ù

ê

ë

é

1

1

2

1

 

ú

û

ù

ê

ë

é

-

j

j

1

1

2

1

 

3

 

ú

û

ù

ê

ë

é

-

1

1

2

1

 

-

 

4

 

ú

û

ù

ê

ë

é

j

1

2

1

 

-

 

5

 

ú

û

ù

ê

ë

é

-

j

1

2

1

 

-

 

 


  


[image: image6.wmf]Codebook 

index

 

Number of layers 

u

 

 

1

 

2

 

0

 

ú

û

ù

ê

ë

é

1

1

2

1

 

ú

û

ù

ê

ë

é

-

1

1

1

1

2

1

 

1

 

ú

û

ù

ê

ë

é

-

1

1

2

1

 

ú

û

ù

ê

ë

é

-

1

1

1

1

2

1

 

2

 

ú

û

ù

ê

ë

é

-

j

1

2

1

 

ú

û

ù

ê

ë

é

-

j

j

1

1

2

1

 

3

 

ú

û

ù

ê

ë

é

j

1

2

1

 

ú

û

ù

ê

ë

é

-

j

j

1

1

2

1

 

4

 

ú

ú

û

ù

ê

ê

ë

é

-

2

1

1

2

1

j

 

ú

ú

û

ù

ê

ê

ë

é

+

-

-

2

1

2

1

1

1

2

1

j

j

 

5

 

ú

ú

û

ù

ê

ê

ë

é

+

2

1

1

2

1

j

 

 

ú

ú

û

ù

ê

ê

ë

é

-

-

+

2

1

2

1

1

1

2

1

j

j

 

 

6

 

ú

ú

û

ù

ê

ê

ë

é

-

-

2

1

1

2

1

j

 

ú

ú

û

ù

ê

ê

ë

é

+

-

-

2

1

2

1

1

1

2

1

j

j

 

7

 

ú

ú

û

ù

ê

ê

ë

é

+

-

2

1

1

2

1

j

 

ú

ú

û

ù

ê

ê

ë

é

-

+

-

2

1

2

1

1

1

2

1

j

j

 

 

[image: image7.emf]-10-505101520

0

5

10

15

SNR (dB)

10% outage capacity (b/s/Hz)

2 widely spaced antennas, SCM Urban Macro, 1 precoder per band

 

 

Waterfilling per subcarrier

Rank Adaptation: no quantization

16e   3-bit

16e rank 1 + OL rank 2

New 3 bit

