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1 Introduction
CMP (cubic metric preserving) has been suggested as a baseline for the codebook design for 4 Tx UL MIMO,  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][5][6]. Instead of CMP, codebooks based on CMF (cubic metric friendly) were considered [3][4] for high ranks transmissions. Although codebook design principles about ranks 1, 2, and 4 were agreed in the last #57 meeting, rank 3 still remains FFS. In this contribution, we design rank 3 codebook based on CMP and present performance evaluation results.
2 Rank 3 codebook design
We propose the rank 3 codebook with following properties. In addition, Table 1 shows a design example with 16 precoding matrices, where each 4x3 matrix preserves CM. Observe that the first column of the codebook is a scaled form of the first column in the CMP codebook suggested by [5]. 
2.1 Cubic Metric Preserving (CMP)
SC-FDMA has been chosen as the only multiple access scheme for UL MIMO in LTE-A. Since lower CM can grant higher uplink transmission power, it is profitable to design a codebook which preserves CM by keeping the single-carrier property for each antenna [6].  Although CMF codebooks are designed based on the assumption that power is not limited in high ranks (i.e., rank 3 and 4) [3][7], power sharing between PUSCH and PUCCH may bring the limited power situation even in high ranks. CM analysis results also show that CMF produces quite higher CM values than CMP [3][6]. Therefore, we prefer rank 3 codebook based on CMP, where each matrix has two zeros and one non-zero element in each of the 4 rows. 

2.2 Equal Power Allocation among Layers
It was addressed that imbalanced power allocation among layers may affect channel estimation quality of precoded demodulation reference signals (DMRS) [3]. Furthermore, according to the simulation results, it is observed that CMP codebook with power imbalance among layers has performance loss in medium to high SNR region [3]. Therefore, we design CMP codebook with equal power allocation among layers. Basically, the codebook given in Table 1 follows the similar design as the CMP codebook suggested by [5] and the difference is that elements of the first column are scaled by 
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. In consequence, the power per layer is equally allocated. Instead, norms of row vectors are set to be different. 
2.3 QPSK Alphabet Constraint
QPSK values
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 are employed in the rank 3 codebook in Table 1 so that the computational complexity will be reduced, compared to codebooks with 8 PSK. 
Table 1     Rank 3 Cubic Metric Preserving Codebook for UL 4Tx MIMO 
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3 Performance
3.1 Simulation assumptions
The link simulation parameters are shown in Table 2. 
Table 2. Simulation assumptions for link level simulations
	Antenna configuration
	4 TX at UE, 4 RX at eNodeB

	MIMO mode
	Closed loop 

	Channel estimation
	Ideal channel estimation

	Rank 
	3

	MCS
	27 states 

	Channel models
	· TU 6 (UE correlated and uncorrelated Tx antennas., eNB uncorrelated Rx antennas, 3km/hr)
· SCM (UE Tx antennas separated by 
[image: image19.wmf]2
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, eNB Tx antennas separated by 
[image: image20.wmf]l
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, 3km/h)

	System Bandwidth
	10 MHz  

	PRB Allocation
	4 PRBs to one user

	Receiver, SC-FDMA
	MMSE

	Reference signal 
	Precoded DMRS

	Hybrid ARQ operation
	2 ACK/NACK for 2 CWs

	Max number of retransmission for HARQ
	3

	Target BLER
	0.1 for the initial transmission


3.2 Results and discussions
Figures 1 compares the link performance of the proposed rank 3 codebook with other designs given in [3][4][5]. As shown in Figure 1, in medium SNR regions (i.e., 8 to 14dB) under uncorrelated TU6 channel, the performance of the modified codebook given in Table 1 is almost the same as that of the CMP codebook designed by [5]. However, in medium to high SNR regions (i.e., 15 to 20dB), the codebook outperforms CMP. In Figure 1, the proposed codebook shows similar performance compared to CMF and DL HH (downlink householder). However, if we consider that CMF and DL HH produce higher CM values [3][6], the proposed codebook is superior to CMF and DL HH codebooks. That is, transmissions based on CMF or DL HH may use limited maximum power. 
Figures 2 shows results in the TU6 channel with Tx antenna correlation
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. There is no correlation between Rx antennas. Comparing the results in Figures 1 and 2, it is seen that the performance trend is similar between the two cases. The performance of the proposed codebook is similar to that of the CMP codebook at medium SNR regions (i.e., 8 to 16 dB). However, at high SNR regions (i.e., 18 to 20dB), the proposed codebook is significantly superior to CMP. In addition, the proposed codebook clearly outperforms CMF at medium SNR regions (i.e., 8 to 16 dB) and shows the same performance at high SNR regions (i.e., 16 to 20 dB). Furthermore, since the limited power situation (e.g., power sharing between PUSCH and PUCCH in LTE-A) may happen even in high ranks, the performance of the proposed codebook can be considered clearly better than CMF. 

Figures 3 shows link throughput in the SCM channel with UE Tx antennas separated by 
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 and eNB Rx antennas separated by 
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. It is observed that the proposed codebook and CMP codebook perform similarly.
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                  Figure 1. Link performance of UL codebooks in uncorrelated Tx Antennas
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Figure 2. Link performance of UL codebooks in correlated Tx Antennas
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Figure 3. Link performance of UL codebooks in SCM channel
4 Conclusion
In this contribution, we proposed the rank 3 codebook for 4 Tx UL MIMO in LTE-A. The suggested codebook is based on CMP design with equal power per layer and preserves CM. The simulation results show that proposed codebook outperforms the other codebooks and works very well even at high SNR regions.    
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