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1 Introduction
In the rank 3 codebook design for 4 Tx UL MIMO, CMP (cubic metric preserving) has been proposed as one approach, since the reduction of the transmit power due to PA (power amplifier) back-off needs to be considered in the power limited scenario [1][2][3][4].  Furthermore, in the last #59bis meeting, below conclusions were made [5]. 
Proposed way forward [6] is agreed with the following additions:
· Revisit size of 12 for rank-3 codebook if there is enough reason to change from the former agreement on size of 20. 

· May revisit if the CMP is appropriate if serious problem is identified

Based on two reasons, we would like to reduce rank-3 CMP codebook size. First, according to our simulation results, the performance difference between size-12 and size-20 CMP codebooks is negligible. Second, currently, rank-2 codebook size is 16 and rank-3 codebook size is 20. If we have to use CMP codebook, instead of mixed codebook, for rank 3 transmission, it does not seem to make much sense that higher rank obtains more precoding gain with larger codebook size. Therefore, in this contribution, we suggest size-12 CMP codebook [8].

2 Rank 3 Codebook Design
We design size-12 CMP codebook, which is named as (D) in Table 1. Also, Figure 1 represents element indexing for cross-polarized antennas employed in this contribution. Since antenna pairs with identical polarization (i.e., 1st and 2nd antennas, 3rd and 4th antennas in Figure 1) have higher spatial correlation, compared to antenna pairs with cross-polarization (i.e., 1st and 3rd , 2nd and 4th , 1st and 4th , 2nd and 3rd antennas in Figure 1),  we first select 8 precoding matrices in the antenna pairs with identical polarization for the first layer transmission as shown in Table 1. We also select remaining 4 precoding matrices in the antenna pairs with cross-polarization (i.e., 1st and 3rd, 2nd and 4th antennas) for the first layer transmission as shown in Table 1. Each CW is mapped to the same number of antennas, i.e., symbol data of the first CW are transmitted by two Tx antennas and those of the second CW are transmitted by other two Tx antennas. Since each CW is transmitted using two antennas, each CW obtains beamforming gain or transmit diversity gain. 
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Figure 1. Antenna element indexing
Table 1.    CMP Codebooks  
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	Size-20 CMP (A) (e.g., see [3])
	Size-20 CMP (B) (e.g., see [1])
	Size-12 CMP (C)   (e.g., see [7])

	Size-12 CMP (D)  (e.g., see [8])

	1st and 2nd antennas for the first layer
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	3rdand 4th  antennas for the first layer
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	1st and 3rd antennas for the first layer
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	2ndand 4th antennas for the first layer
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	1st and 4th antennas for the first layer
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	2nd and 3rd antennas for the first layer
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3 Results and Discussions
Table 1 shows size-20 and size-12 CMP codebooks, respectively. In Table 1, 
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 represents 4 precoding matrices, i.e.,
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Also, 
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 represents two precoding matrices, i.e.,
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Figure 2 compares link throughput performance of CMP codebooks. In the simulations, ideal channel estimation was employed with using 3 precoded DMRS corresponding to the respective three layers. In Figure 2, observe that the performance difference among size-20 and size-12 codebooks is negligible. Figure 3 also shows the relative gain over size-20 CMP codebook (A) [3] used in this simulation. The performance difference between size-12 and size-20 codebooks is less than 1%. Furthermore, in case of proposed size-12 CMP codebook (D), that is less than 0.7 %. 
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Figure 2.  Link throughput comparison among size-20 and size-12 CMP codebooks 
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Figure 3.  Relative gain comparison among size-20 and size-12 CMP codebooks
4 Conclusion
In this contribution, we evaluated the performance of size-20 and size-12 CMP codebooks. The simulation results show that the performance difference between size-12 and size-20 CMP is very marginal (i.e., it is less than about 0.7 % in high SNR regions). Thus, we propose the size-12 CMP codebook (D) in Table 1, for rank-3 transmission. 
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Appendix: Simulation Assumptions
The link simulation parameters are shown in Table 2
Table 2. Link level simulation assumptions
	Antenna configuration
	4 TX at UE, 4 RX at eNB

	MIMO mode
	Closed loop 

	Channel estimation
	Ideal channel estimation 

	Rank 
	3

	Link adaptation
	On

	UE speed
	3km/h

	Channel models
	SCM-C

	System Bandwidth
	10 MHz  

	PRB Allocation
	4 PRBs to one user

	Receiver, SC-FDMA
	MMSE

	Reference signal 
	3 Precoded DMRS

	Hybrid ARQ operation
	Chase Combining,  2 ACK/NACK for 2 CWs

	Max number of retransmission for HARQ
	3

	Target BLER
	0.1 for the initial transmission
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