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1 Introduction
In RAN1#72bis, it was agreed that one additional 4Tx codebook will be introduced in Rel-12 with the specific codebook to be selected being subject to RRC configuration [1]. The structure of the additional codebook is based on the Rel-10 8Tx dual codebook structure. Following this structure, we provided the details [2] for the additional codebook during email discussion [72b-05]. In this contribution, we provide additional information for our proposal through analysis and system level evaluation results.

2 Rank 1/2 codebook
A good scheme should perform well in all important antenna configurations while being robust to implementation mismatches. For both macro eNB and low power nodes, closely and largely spaced cross-polarized antennas are the two most important antenna configurations [3]. In addition, uniform linear array (ULA) is another important configuration for low power nodes. Since low power nodes are expected to be widely used in small cells in future LTE networks, all three antenna configurations mentioned before should be taken into account in the designing of the 4Tx codebook. Otherwise, there may be performance issues when specific antenna configurations are used. 
It is well understood that the agreed dual codebook structure is mostly optimized for a configuration with two pairs of cross-polarized antennas.  It is apparent since the rank one codeword has the following structure

[image: image1.wmf][

]

2

1

)

(

T

j

j

j

e

e

e

b

a

b

a

+

,


(1)
where 
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 describes the beam direction of the two pairs of antennas and 
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 describes the phase difference between the two polarizations. For backward compatibility, 
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can be taken from the 32-PSK alphabet, i.e., 
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 may be taken from the QPSK alphabet i.e. 
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(2)
Although this structure meets the needs of cross-polarized antennas, it may not meet the needs of uniform linear arrays which are expected to be crucial for practical low power node deployment. Due to the equal spacing and same polarization assumptions, the desired codeword structure for a ULA is 
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Apparently, the difference between (1) and (3) needs to be addressed for delivering improved performance for both cross-polarized antennas and ULAs. In the following, we propose a simple solution for accommodating the two types of arrays. 
By simply rotating the co-phasing alphabet of 
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 by 
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 in (1), i.e., letting 
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, the rank one codeword in (1) can be written as
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This rotation guarantees that when 
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 equals 0, the rank-1 codeword has the structure of the vector in (3), i.e., a 4Tx DFT vector, and meets the needs of a ULA. Namely, when 
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 takes values between 0 and 360 degrees for the cross-polarized antenna configuration, it also generates one codeword meeting the needs of a ULA as an additional benefit. This benefit comes for free since it does not sacrifice the performance of cross-polarized antenna while still quantizing the co-phase with the same resolution. 
To be compatible with the Rel. 10 dual codebook structure, a unified structure for cross-polarized antennas and ULA, i.e., 
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, can be constructed with minimum efforts as follows. We can simply reuse the same W1 codebook from the 8Tx codebook. 
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where
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For each W1(n), the corresponding W2  for the rank-1 codeword is given by (6). 
Let
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, i=0,1,2,3, where 
   represents the 4x1 vector with all zero entries except for the i-th entry
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Similarlly for each W1(n), the corresponding W2  for rank-2 can be written as:
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Compared to the original generating equations, all we need is just to add a rotation term 
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 to the original generating equations. Besides the ULA codeword, the phase rotation brings another benefit in quantizing the co-phase 
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. Since consecutive beam groups partially overlap, each beam is present in two groups. In addition, the quantization codebook of 
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 rotates across groups. This increases the quantization resolution of 
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 because the same beamforming vector can be quantized by one group with one 
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 codebook and also be quantized by an adjacent group with another 
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 codebook. In contrast, the 
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 codebook remains the same if the phase rotation is not applied. Therefore, the rotation effectively enhances the performance in two ways.
Proposal: Rotate the co-phasing alphabet of matrix W2 by 
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 as in equation (6-7).
3 System level evaluations
In this section we report system level evaluation results for the proposed solution in Section 2. Table 1 presents the system-level throughput comparison results for the three considered antenna configurations. 
Table 1, System throughput comparison using full buffer traffic model
	
	Uniform linear array
	Closely-spaced cross polarized antenna
	Largely-spaced cross polarized antenna

	
	5%-ile Cell edge throughput (bps/Hz)
	Cell average throughput (bps/Hz)
	5%-ile Cell edge throughput (bps/Hz)
	Cell average throughput (bps/Hz)
	5%-ile Cell edge throughput (bps/Hz)
	Cell average throughput (bps/Hz)

	Without rotation the co-phasing alphabet
	100%
	100%
	100%
	100%
	100%
	100%

	With rotating of the co-phasing alphabet by 
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	113%
	102.5%
	100.6%
	100.1%
	102.5%
	100.3%


Observation 1: From full-buffer simulation results, the proposed ULA friendly phase rotation provides significant gains 13% and 2.5% improvement for the cell-edge and cell average throughput, respectively. This additional phase rotation also improves moderately the system throughput of largely spaced cross polarized antennas.
4 Conclusion
In this contribution we propose to rotate the co-phasing alphabet for enhancing the ULA performance without sacrificing the performance of cross-polarized antennas. The rotation enables one fourth of the codeword to meet the need of a ULA while addressing the needs of cross-polarized antennas.  Using both analysis and system-level evaluations, we have shown that this additional phase rotation can improve the codebook performance of both ULA and largely-spaced cross-polarized antennas without jeopardizing the performance of closely-spaced cross polarized antenna. Therefore, we make the following proposal:
Proposal: Rotate the co-phasing alphabet of matrix W2 by 
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 as in equation (6-7).
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