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1. Introduction
In RAN1#59bis, CM-preserving (CMP) criterion was agreed for rank-3 codebook design with the following side notes for further investigation [1]:

· 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

To progress on this issue, the following factors should be considered:
· Incurred performance loss due to reducing the codebook size from 20 to 12

· Advantages (if any) of reducing the codebook size by 8

This contribution attempts to address the above issues. 
2. Discussion
We discuss the above two factors in this section. 

2.1. Performance
Assessing the performance difference between size-12 and size-20 requires at least one design for each size. Two designs are given in Table 1:

· The first design is a size-12 BPSK-only CMP codebook.
· The second design is size-20 QPSK and was taken from [2].

Table 1. Two CMP codebook candidates: size-12 and size-20
	Rank-3 codebook CMP
· Size = 12, BPSK-only
· Minimum chordal distance = 0.3536
· Mean chordal distance = 0.3669

	Index 0 to 3
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	Index 4 to 7
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	Index 8 to 11
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	Rank-3 codebook CMP (R1-093999)
· Size = 20, QPSK
· Minimum chordal distance = 0.3536
· Mean chordal distance = 0.3613

	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 19
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The performance of the above two codebooks are depicted in Figure 1. The simulation assumptions are given in the Appendix. A size-20 codebook proposed in [3] by Ericsson is also simulated to show the performance of another size-20 codebook. Observe that:

· Two size-20 designs (TI and Ericsson codebooks) perform equally well.

· Reducing the size from 20 to 12 results in marginal performance loss especially when rank adaptation is used (<1%). We expect that the results with rank adaptation are more relevant as they represent the expected geometry range of interest for rank-3 codebooks. 

Hence, it is apparent that the performance loss due to reducing the codebook size from 20 to 12 is marginal. This is quite expected due to the constraining structure of CMP design (i.e. only one free variable along with different row permutations).  
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Figure 1.Throughput comparison

2.2. Smaller Rank-3 Codebook Size
Reducing the rank-3 codebook size from 20 to 12 may lead to one of the following cases:
1. Case 1: Reduction of the total 4Tx codebook size by 8, i.e. from 61 to 53. This reduces the complexity of precoding selection at the eNB by ~13% per UE. Since the total size is still larger than 32, a 6-bit precoding information field is still needed in the UL grant. Here, the remaining 11 (=64 – 53) available hypotheses are reserved.
2. Case 2: Increase the codebook size for rank-1 and/or rank-2 by up to 11 elements. There are several possibilities along this line. For instance, it is possible to add 8 more elements in the rank-2 codebook to address the performance under spatial channels with low correlation as pointed out in [4]. Such 8 additional elements are given in Table 2. The eight additional elements will result in a size-24 rank-2 codebook which includes the originally agreed (size-16) codebook along with the cross product design proposed in [4]. 
While either case 1 or case 2 are feasible, case 2 seems beneficial if better performance with low correlation is desired (which may be the case under different antenna configurations). 

At the same time, it is also possible to keep the rank-3 codebook size to 20 as already agreed. Yet this may be the only reason to keep the codebook size to 20. 
Table 2.8 additional elements for the rank-2 codebook 
	Index 16 to 23
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3. Conclusion
It was demonstrated that reducing the rank-3 CM-preserving (CMP) codebook size from 20 to 12 results in marginal performance loss (<1% with rank adaptation). This is expected due to the limited degrees of freedom in the CMP codebook. Consequently, size-12 design is acceptable in terms of performance. Three alternatives were discussed:
· Alt1: Keep rank-3 codebook size to 20

· Alt2: Reduce rank-3 codebook size to 12 and keep the codebook size for other ranks the same

· Alt3: Reduce rank-3 codebook size to 12 and expand rank-2 codebook to include the 8 left-over cross product elements [4] 

In any case, the remaining precoding information hypotheses in the UL grant will be reserved. From the above 3 alternatives, Alt2 or Alt3 seems attractive from complexity or performance perspective. 
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Appendix: Simulation Assumptions 

Table 1. Simulation assumptions

	Parameter

	Explanation/Assumption

	Bandwidth
	5 MHz

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	300

	Number of SC-FDMA symbols per TTI
	12

	UE speed and fading model
	3 Kmph

	Antennas Configurations
	4x4 

	Codebooks
	Rank-1,2, and 4: as agreed in [4]

	Channel models and antenna configurations
	1) TU-6 delay profile + spatially uncorrelated channel; 

2) System-level SCM Urban Macro:
· Tx (UE): 2 pairs of XP antennas separated by /2

· Rx (eNB): 2 pairs of XP antennas separated by 4

	Center frequency
	2GHz

	BLER target for 1st transmission
	10%

	MCS Set
	28-level MCS with QPSK, 16QAM, and 64QAM

	Allocated RBs
	4

	HARQ scheme
	Chase Combining, 1 HARQ process per CW 

	Max number of retransmissions
	3 (total of 4 transmissions)

	Number of HARQ processes
	8

	HARQ configuration
	No layer shifting, separate HARQ across 2 codewords

	Processing delay 
	4 ms

	Receiver
	MMSE
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