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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 that need to be taken into account. 

Two cross-polarized antenna setups are particularly important. Both setups 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 small pair-separation case, we propose the codebook in Section ‎3.1.1. Notice that due to the small pair-separation, this codebook only supports a maximum transmission rank of two. In case of the large pair-separation scenario, up to rank four transmission is needed and the codebook in Section ‎3.1.2 is instead proposed as a more suitable candidate. 

It deserves to be noted that both codebooks utilize an underlying block diagonal structure present in generating matrices G3 and G4. The block diagonal structure is tailored for a cross-polarized setup with vertical and horizontal polarization with high cross-polar discrimination (XPD) at NodeB side. The non-constant modulus property of such a structure however leads to imbalances in the use of the power amplifiers. To avoid this problem, the block diagonal structure is left-multiplied with a unitary matrix which ensures constant modulus property. An important feature of the unitary matrix is that it corresponds to rotating the polarization directions 45 degrees. Rotating the antennas an additional 45 degrees by employing +-45 degree cross-polarized antennas means that the underlying block diagonal structure in fact sees a virtual cross-polarized antenna setup with vertical and horizontal polarization, a setup well-matched to the block diagonal structure. The remaining codebook elements deal with channel realizations experiencing low XPD values.

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

3.1.1 Codebook for Two Pairs of Cross Polarized Antennas (small pair-separation)
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	Transmit Codebook index
	Rank 1
	Rank 2

	1
	G1(1)/2
	G1(12)/√8

	2
	G1(2)/2
	G1(13)/√8

	3
	G1(3)/2
	G1(14)/√8

	4
	G1(4)/2
	G1(23)/√8

	5
	G2(1)/2
	G1(24)/√8

	6
	G2(2)/2
	G1(34)/√8

	7
	G2(3)/2
	G2(12)/√8

	8
	G2(4)/2
	G2(13)/√8

	9
	G3(3)/2

	G2(14)/√8

	10
	G3(4)/2
	G2(23)/√8

	11
	G4(1)/2
	G2(24)/√8

	12
	G4(2)/2
	G2(34)/√8

	13
	
	G3(13)/√8

	14
	
	G3(24)/√8

	15
	
	G4(13)/√8

	16
	
	G4(24)/√8


3.1.2 Codebook for Two Pairs of Cross Polarized Antennas (large pair-separation) 
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	Transmit Codebook index
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	1
	G1(1)/2
	G1(12)/√8
	G1(123)/√12
	G1(1234)/4

	2
	G1(2)/2
	G1(13)/√8
	G1(124)/√12
	G2(1234)/4

	3
	G1(3)/2
	G1(14)/√8
	G1(134)/√12
	G3(1234)/4

	4
	G1(4)/2
	G1(23)/√8
	G1(234)/√12
	G4(1234)/4

	5
	G2(1)/2
	G1(24)/√8
	G2(123)/√12
	G1(1324)/4

	6
	G2(2)/2
	G1(34)/√8
	G2(124)/√12
	G2(1324)/4

	7
	G2(3)/2
	G2(13)/√8
	G2(134)/√12
	G3(1324)/4

	8
	G2(4)/2
	G2(24)/√8
	G2(234)/√12
	G4(1324)/4

	9
	G3(3)/2

	G3(13)/√8
	G3(123)/√12
	

	10
	G3(4)/2
	G3(14)/√8
	G3(124)/√12
	

	11
	G4(1)/2
	G3(23)/√8
	G3(134)/√12
	

	12
	G4(2)/2
	G3(24)/√8
	G3(234)/√12
	

	13
	
	G4(13)/√8
	G4(123)/√12
	

	14
	
	G4(14)/√8
	G4(124)/√12
	

	15
	
	G4(23)/√8
	G4(134)/√12
	

	16
	
	G4(24)/√8
	G4(234)/√12
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