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1. Introduction

Reuse of Rel-8 codebook is an attractive way of designing Rel-10 codebook since the codebook which is an extension of rel-8 codebook would inherit the same properties as Rel-8 codebook. To this end, we need to find an efficient way to extend rel-8 type codebook to 8 Tx MIMO. Since we agreed to use two separate codebooks for downlink MIMO, we would have two choices for Rel-10 codebook design reusing Rel-8 codebook. We can design the extension of Rel-8 codebook as a combination of two precoder matrices, or as a single codebook with additional operation on the remaining codebook. This contribution details on these possible options for Rel-8 codebook reuse. 
2. 8 Tx codebook using Kronecker product 
Rel-10 supports both ULA and DPA at the transmitter and the receiver, and different antenna configuration would require different precoder matrix. For DPA, a precoder matrix given in equation (1) is suggested[1], and for ULA, a precoder matrix of equation (2) is suggested [2].
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(2) 
We have a good example of implementing DPA precoder matrix which is composed of two precoder matrices and two codebooks [1]. In the example, the overall precoder matrix is written as  
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, and the product of channel matrix and precoder  can be written as
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 separately precodes each group of co-polarized antennas, and 
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 would be dependent upon the relative phase relation between the two orthogonal polarizations [1]. Since 
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 performs precoding or beamforming for each co-polarized antenna set, the codebook for 
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 is a 2 Tx or 4 Tx antenna codebook, and Rel-8 codebook or the modification of Rel-8 codebook can be used for 
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. 
For ULA antenna configuration, and the extension of Rel-8 codebook is suggested as [2]
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For a better resolution of codebook for ULA antenna configuration, we may build a codebook which selects the value of 
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s, which satisfy 
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3. Codebook extension to 8x8 linear array antenna 

We agreed that Rel-10 codebook should support higher accuracy than Rel-8 codebook, and the accuracy enhancement would be achieved by using two codebooks. This section shows a general extension of Rel-8 codebook to 8x8 MIMO which can achieve higher accuracy. The general extension of Rel-8 codebook to 8x8 MIMO can be written as 
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 is a rank 4 codeword selected from Rel-8 codebook, and codewords for the ranks less than 8 would be given as a subset of 
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. We expect that Rel-10 codebook would also be needed to be a unitary matrix just as Rel-8 codebook is, and with this expectation, we can make a selection rule between set of 
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 and set of 
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 for linear array antenna. To be a unitary matrix, the precoder matrix should satisfy the following equation,
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The set of 
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 exists only when 
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. For a uniform linear transmit antenna array, all the possible combinations of Rel-8 codebook satisfying unitary matrix property are given at table A1. We have 9 combinations of Rel-8 codewords for 
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, and 31 possible sets of Rel-8 codewords for 
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. Note that the example of codebook for linear array antenna [2] is a specific case of 
[image: image25.wmf]1

*

1

0

*

3

2

-

=

a

a

a

a

 and 
[image: image26.wmf])

4

(

3

2

1

0

n

W

R

R

R

R

=

=

=

=

. For polarized 8 transmit antenna, there would be no limitation for the selection of 
[image: image27.wmf]n

R

s or 
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s, and the precoder matrix would be a unitary matrix for choice of 
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We could have at maximum 
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 sized codebook, where 
[image: image31.wmf]N

 is the number of the possible combination of 
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. We have two options for the general extension of Rel-8 codebook. We can generate two codebooks which selects the value of 
[image: image33.wmf]n

a

s or 
[image: image34.wmf]n

R

s. 

[image: image35.wmf]1

3

1

2

0

C

Î

ú

û

ù

ê

ë

é

a

a

a

a

,  
[image: image36.wmf]2

3

1

2

0

C

R

R

R

R

Î

ú

û

ù

ê

ë

é

,
where 
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 and 
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 indicate separate codebooks. The structure of overall precoder matrix can be written as function of 
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 is precoder matrix selected from codebook 
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In the other way, the selection of 
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s can be performed by one codebook as 
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In this case, we need to design one more precoder codebook for the performance enhancement, and the overall precoder matrix 
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The design of codebook for the other precoder matrix is out of the scope of this contribution. However, since the precoder 
[image: image49.wmf]W

 has size of 
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 rank), simple matrix multiplication can be performed between 
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4. Conclusion
This contribution discusses possible options for the extension of Rel-8 codebook for larger linear transmit antenna array. With general extension, the codewords could be selected from 40N possible precoder matrices, and this would improve performances than the codebook (or codebooks) which is just a simple extension of Rel-8 codebook by Kronecker product.
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5. Appendix
Table A1. All the possible extension of Rel-8 codewords to 8x8 MIMO transceiver.
[image: image57.emf]Possible codewords













) 4 (

3 3

) 4 (

1 1

) 4 (

2 2

) 4 (

0 0

W W

W W

 

 













) 4 (

2 3

) 4 (

1 1

) 4 (

3 2

) 4 (

0 0

W W

W W

 

 













) 4 (

1 3

) 4 (

3 1

) 4 (

2 2

) 4 (

0 0

W W

W W

 

 













) 4 (

0 3

) 4 (

2 1

) 4 (

3 2

) 4 (

1 0

W W

W W

 

 













) 4 (

7 3

) 4 (

5 1

) 4 (

6 2

) 4 (

4 0

W W

W W

 

 













) 4 (

6 3

) 4 (

5 1

) 4 (

7 2

) 4 (

4 0

W W

W W

 

 













) 4 (

11 3

) 4 (

9 1

) 4 (

10 2

) 4 (

8 0

W W

W W

 

 













) 4 (

10 3

) 4 (

9 1

) 4 (

11 2

) 4 (

8 0

W W

W W

 

 













) 4 (

13 3

) 4 (

14 1

) 4 (

12 2

) 4 (

13 0

W W

W W

 

 













) 4 (

0 3

) 4 (

1 1

) 4 (

1 2

) 4 (

0 0

W W

W W

 

 













) 4 (

0 3

) 4 (

2 1

) 4 (

2 2

) 4 (

0 0

W W

W W

 

 













) 4 (

0 3

) 4 (

8 1

) 4 (

8 2

) 4 (

0 0

W W

W W

 

 













) 4 (

0 3

) 4 (

10 1

) 4 (

10 2

) 4 (

0 0

W W

W W

 

 













) 4 (

1 3

) 4 (

3 1

) 4 (

3 2

) 4 (

1 0

W W

W W

 

 













) 4 (

1 3

) 4 (

9 1

) 4 (

9 2

) 4 (

1 0

W W

W W

 

 













) 4 (

2 3

) 4 (

3 1

) 4 (

3 2

) 4 (

2 0

W W

W W

 

 













) 4 (

4 3

) 4 (

5 1

) 4 (

5 2

) 4 (

4 0

W W

W W

 

 













) 4 (

6 3

) 4 (

7 1

) 4 (

7 2

) 4 (

6 0

W W

W W

 

 













) 4 (

8 3

) 4 (

9 1

) 4 (

9 2

) 4 (

8 0

W W

W W

 

 













) 4 (

10 3

) 4 (

11 1

) 4 (

11 2

) 4 (

10 0

W W

W W

 

 













) 4 (

12 3

) 4 (

14 1

) 4 (

14 2

) 4 (

12 0

W W

W W

 

 













) 4 (

15 3

) 4 (

12 1

) 4 (

12 2

) 4 (

15 0

W W

W W

 

 













) 4 (

14 3

) 4 (

2 1

) 4 (

12 2

) 4 (

0 0

W W

W W

 

 













) 4 (

12 3

) 4 (

2 1

) 4 (

14 2

) 4 (

0 0

W W

W W

 

 

1

1

*

0

3

*

2



 

 

1

1

*

0

3

*

2

 

 

 

15 ~ 0

) 4 (

3

) 4 (

1

) 4 (

2

) 4 (

0















n for

W W

W W

n n

n n

 

 






























































PAGE  
3

_1332248014.unknown

_1332335438.unknown

_1332335698.unknown

_1332335991.unknown

_1332336051.unknown

_1332336101.unknown

_1332336138.unknown

_1332336162.unknown

_1332336066.unknown

_1332336030.unknown

_1332335862.unknown

_1332335964.unknown

_1332335738.unknown

_1332335456.unknown

_1332335492.unknown

_1332335447.unknown

_1332334640.unknown

_1332334885.unknown

_1332334891.unknown

_1332334668.unknown

_1332334767.unknown

_1332331919.unknown

_1332249098.unknown

_1332249083.unknown

_1332246122.unknown

_1332247749.unknown

_1332247965.unknown

_1332247982.unknown

_1332247871.unknown

_1332246896.unknown

_1332247498.unknown

_1332246185.unknown

_1331730998.unknown

_1331823501.unknown

_1332232626.unknown

_1331823542.unknown

_1331731906.unknown

_1331748016.unknown

_1331748054.unknown

_1331748007.unknown

_1331731697.unknown

_1324652585.unknown

_1331714015.unknown

_1331714473.unknown

_1331714527.unknown

_1331556041.unknown

_1324652241.unknown

