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1. 4 Tx SU-MIMO Codebooks for Polarized Setup

E-UTRA DL will support codebook based channel dependent precoding. For 2 Tx antennas, the codebook for SU-MIMO was decided in RAN1 meeting #48. It now remains to agree on the codebook(s) for 4 Tx. Signaling overhead, performance and balanced use of the power amplifiers are issues to take into account. We believe there should be support for 2 codebooks to cover two different polarized scenarios. Both scenarios concern two cross-polarized antenna pairs with +-45 degrees polarization at the NodeB. In the first scenario, the pair-separation is small (0.5 lambda) whereas in the second scenario the separation is large (larger than 4 lambda). For the former scenario, the codebooks in Section 3.1 are appropriate. Notice that due to the small pair separation, those codebooks only support a maximum transmission rank of two. For the latter, uncorrelated, scenario up to rank for transmission is needed and the codebooks in Section ‎3.2 are more appropriate. 

As seen, the proposed codebooks are either completely or partly, block diagonal. Thus they suffer from power balancing issues. To avoid that, the codebooks should all be multiplied with


[image: image1.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

-

-

4

/

exp

0

4

/

exp

0

0

4

/

exp

0

4

/

exp

4

/

exp

0

4

/

exp

0

0

4

/

exp

0

4

/

exp

p

p

p

p

p

p

p

p

j

j

j

j

j

j

j

j


so as to obtain constant magnitude of all elements.

Preliminary link level investigations indicate significant gains from the use of some of the described codebooks in polarized scenarios. 
When performing link level investigations with the channel models SCM-A to SCM-D described in ‎[1] it is important to realize that the order of the antenna elements matters. Assuming the channel model is implemented correctly, the NodeB antennas are arranged as +45, -45, +45, -45 according to [1]. The codebooks herein however assume the order +45, +45, -45, -45. Thus for evaluation purposes it is crucial to get the ordering correct both in the codebook and in the channel model. To align these codebooks to the link level channel models would mean that after multiplying the entries with the above matrix, row two and three should be interchanged.

2. References

[1] 3GPP TR 25.814 V7.1.0, “Physical Layer Aspects for Evolved Universal Terrestial Radio Access”.

3. Appendix

3.1. Codebooks for Closely Spaced Cross-Polarized Antenna Pairs

Table 1: Codebook for two spatially separated (small distance) cross polarized antenna pairs in SU-MIMO mode.

	Tx Rank
	Codebook per Rank
	Size per Rank
	Total Size

	1
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Table 2: Another alternative codebook for two spatially separated (small distance) cross polarized antenna pairs in SU-MIMO mode.

	Tx Rank
	Codebook per Rank
	Size per Rank
	Total Size

	1
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3.2. Codebooks for Two Cross-Polarized Antenna Pairs with Large Inter-Pair Distance

Table 3: Codebook for two spatially separated (large distance) cross polarized antenna pairs in SU-MIMO mode.

	Tx Rank
	Codebook per Rank
	Size per Rank
	Total Size

	1
	
[image: image6.wmf](

)

(

)

(

)

(

)

(

)

(

)

1

,

,

0

'

1

,

,

0

,

2

/

'

2

exp

1

2

/

2

exp

1

1

,

,

0

'

1

,

,

0

,

2

/

'

2

exp

1

2

/

2

exp

1

3

,

,

0

,

4

/

2

exp

1

0

0

3

,

,

0

,

0

0

4

/

2

exp

1

L

L

L

L

L

L

=

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

k

k

k

j

k

j

k

k

k

j

k

j

k

k

j

k

k

j

p

p

p

p

p

p


	16
	48

	2
	
[image: image7.wmf](

)

(

)

(

)

(

)

(

)

(

)

W

W

j

j

W

k

k

k

j

k

j

k

j

k

j

k

k

k

j

k

j

Î

ú

ú

ú

û

ù

ê

ê

ê

ë

é

Î

ú

ú

ú

û

ù

ê

ê

ê

ë

é

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

-

=

Î

=

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

´

´

´

´

´

2

2

2

2

2

2

2

2

2

2

,

0

0

,

0

0

1

1

,

1

1

1

1

1

,

,

0

'

1

,

,

0

,

2

/

'

2

exp

1

2

/

2

exp

1

2

/

'

2

exp

1

2

/

2

exp

1

1

,

,

0

'

1

,

,

0

,

2

/

'

2

exp

1

0

0

0

0

2

/

2

exp

1

W

W

W

W

W

L

L

L

L

p

p

p

p

p

p


	12
	

	3
	
[image: image8.wmf](

)

(

)

3

,

,

0

,

,

0

0

0

4

/

2

exp

1

3

,

,

0

'

,

,

4

/

'

2

exp

1

0

0

0

1

1

,

1

1

1

1

2

2

2

2

2

2

2

2

2

2

L

L

=

Î

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

Î

ú

ú

ú

û

ù

ê

ê

ê

ë

é

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

-

=

Î

´

´

´

´

´

k

W

k

j

k

W

k

j

j

j

W

W

W

W

W

W

p

p


	16
	

	4
	
[image: image9.wmf]W

W

j

j

W

Î

Î

ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

-

=

Î

´

´

´

´

´

2

2

2

2

2

2

2

2

2

2

,

,

0

0

1

1

,

1

1

1

1

V

W

V

W

W


	4
	


Table 4: Another alternative codebook for two spatially separated (large distance) cross polarized antenna pairs in SU-MIMO mode.

	Tx Rank
	Codebook per Rank
	Size per Rank
	Total Size

	1
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