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1 Introduction

In 3GPP RAN1#58 meeting, the MIMO codebook for uplink with 4 TX antennas was further progressed. The conclusion is as follows

· Non-zero elements from BPSK/QPSK alphabet
· Try to jointly assess CM property and performance. 

· Power constraint per antenna pending RAN4 response

· Provide CDF of transmit power as e.g. done in R1-093056

· Codebook size: 20

In this contribution, new codebooks for cubic metric preserving (CMP) and cubic metric friendly (CMF) are therefore re-designed with size 20. Meanwhile, link level simulation shows the clear performance difference between the two codebooks. 

2 Size 20 CMF and CMP Codebook
In this section, CMF/CMP codebooks with size 20 are designed.  Table 1 shows an optimized rank-3 CMF codebook and Table 2 shows an optimized CMP codebook.
Table 1 Size-20 CMF codebook
	Rank-3 codebook

· Size = 20
· Minimum chordal distance =0.2357
· 
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	Index 0 to 3
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	Index 4 to 7
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	Index 8 to 11
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	Index 12 to 15
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	Index 16 to 20
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Table 2 Size-20 CMP codebook

[image: image22]
Table 3 Size-12 BPSK CMP codebook
	Rank-3 codebook

· Size = 12
· Minimum chordal distance = 0.2887

	Index 0 to 1
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	Index 2 to 3
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	Index 4 to 7
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	Index 8 to 11
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3 Simulation Results

Link level simulations are performed to evaluate the codebooks proposals. The simulation parameters are given in the Appendix.  Fig.1 shows the codebooks performance in SCM channel ((Two cross-polarized antennas separated by 4lamda at eNB)) and the transmission rank is fixed to be 3.
In figure 1 we observe CMF codebook outperforms CMP codebooks around 0.5dB in medium to high SNR region. We also observe almost negligible performance degradation of CMP codebook with size reduced to 12 (pure BPSK alphabet).  Meanwhile, the CMF codebook and LTE HH rank 3 codebook share similar performance.
4 Conclusion
This contribution evaluates the link performance comparisons of UL 4Tx rank 3 transmissions with CMP and CMF codebook. Simulation results clearly show the advantage of CMF codebook in power-non-limited scenario. 
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Fig.1 Link Performance of UL codebooks (rank =3)
Appendix
Table 4 Link simulation parameters

	Parameter
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	5MHz

	Data transmission BW
	4 RBs (48 subcarriers)

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	SCM

	UE speed
	3km/h

	Antenna configuration
	4x4

	Channel coding
	Turbo code

	Modulation
	QPSK, 16QAM, 64QAM

	Receiver
	Linear MMSE

	Channel estimation
	Ideal

	BLER target
	10% at 1st subpacket

	Processing delay
	4 ms

	Precoding codebook
	CMP; CMF

	Layer blanking during re-transmission
	No

	Rank
	3
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