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1 Introduction
In RAN1 #72bis, it was agreed that a new 4 Tx codebook will be introduced in Rel-12 at least for rank 1 and rank 2. For rank 3 and rank 4, the following working assumptions are agreed [1]:
· FFS until RAN1#73 whether rank 3-4 is:

· same as Rel-8 or 

· enhanced or

· not supported in the new codebook

· If rank 3-4 is supported in the new codebook, a same W1 codebook is assumed for rank 3 and rank 4 feedback
· If new codebook is agreed for rank 3-4
· W1: 2 bits

· W2: FFS between:

· 4,3 for ranks 3,4 respectively, or 

· 3,3 for ranks 3,4

In this contribution, we analyse the three alternatives from the perspectives of performance and implementation complexity, and share our view about the rank 3-4 codebook.
2 Discussion
In the last RAN1 meeting, most companies confirmed the benefits of the enhanced 4Tx codebook for rank 1 and rank 2 for at least closely-spaced cross-polarized antennas. However, for rank 3-4, quite a few companies still prefer reusing the Rel-8 rank 3-4 codebook because the performance gain of codebook enhancement is still unclear for rank 3-4. The motivations to introduce rank 3-4 codebook enhancement mainly come from the following aspects: 
1) The codebook should be optimized for different antenna configurations, including both highly-correlated and lowly-correlated antenna arrays. UE is more likely to prefer high-rank transmission when the spatial correlation is low and the SINR is high. 
2) If the rank 3-4 codebooks are not enhanced, the nesting structure is broken and the computational complexity of the CSI calculation is increased. 
3) Rank override cannot be used because of the lack of nesting structure.
Regarding the first argument, we evaluated the UE preferred rank distribution for different antenna configurations as shown in Fig.1. It is clear that rank 4 is rarely selected even at high geometries for low-correlated antenna configuration. For the cases of closely-spaced cross-polarized (XPol) antennas or uniform linear array (ULA), UE could even only take rank 1-3 into account during link adaptation in order to save the CSI calculation effort. Furthermore, although rank 3 is selected with relatively high probability, it is shown later in this contribution that the enhanced rank 3-4 codebook provides almost no performance gain.
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Fig.1. Rank distribution for different antenna configurations

Regarding the second argument, our understanding is that computational complexity savings at the UE can be achieved even without the strict nesting structure of the codeword. To be specific, as long as each column of a higher rank codeword can be found in the columns of any lower rank codewords, the computational complexity could be reduced. For example, if the enhanced codebooks for rank 1-2 include similar columns of Rel.8 rank 3-4 codewords as the Rel. 8 rank 1-2 codebook, the computational complexity would be similar with the complexity of the enhanced codebook. It is worth noting that if we introduce the enhanced rank 3-4 codebook, the increased complexity due to larger codebook size would also contribute additional computational complexity during the CSI calculation. 
Due to the use of UERS based beamforming, we do not believe that the rank override remains to be a problem. Because eNB can simply decrease the transmission rank by removing columns from the UE recommended precoder, and the resultant precoder does not need to be a codeword of the codebook of the reduced rank.

The performance of the enhanced rank 3-4 codebook is compared with the Rel-8 codebook in Fig. 2 (the simulation assumptions are listed in the Appendix of this contribution). With double or quadruple codebook size, the marginal performance gain does not seem to justify defining an enhanced codebook for rank 3-4. Taking the above analysis into account, the observations and the proposal of this contribution are summarized as follows:
Observation 1): Performance-wise, codebook enhancement for rank 3-4 does not provide sufficient benefit over the existing Rel-8 codebook;
Observation 2):The lack of nesting structure does not necessarily increases the CSI calculation complexity but in contrast the augmented codebook size of the enhanced rank 3-4 codebook does increase the computation complexity;
Observation 3): Since UERS based precoding is used, rank override can be performed by eNB without the need of nesting property.
Proposal: Reuse the Rel-8 codebook for rank 3-4.
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Fig.2. Performance comparison of the enhanced codebook of rank 3-4 with the Rel-8 rank 3-4 codebook
3 Conclusion
This contribution analysed the pros and cons of introducing an enhanced 4Tx rank 3-4 codebook by considering both performance and computational complexity issues. In summary, we make the following observations and proposals:
Observation 1): Performance-wise, codebook enhancement for rank 3-4 does not provide sufficient benefit over the existing Rel-8 codebook;

Observation 2):The lack of nesting structure does not necessarily increases the CSI calculation complexity but in contrast the augmented codebook size of the enhanced rank 3-4 codebook does increase the computation complexity;

Observation 3): Since UERS based precoding is used, rank override can be performed by eNB without the need of nesting property.

Proposal: Reuse the Rel-8 codebook for rank 3-4.
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Appendix
Table 1 Simulation assumptions

	Parameter
	Value

	Antenna configuration
	XX  ->  ++; X   X -> + +; |||| -> ||||;

	Channel model
	SCM

	Carrier frequency
	2.00 GHz

	Allocated PRBs for PDSCH
	6 PRBs

	MIMO scheme
	SU-MIMO / TM9

	Receiver type
	MMSE

	Codebook
	For figure 1: Rank 1-2 [2]; Rank 3-4 [3]
For figure 2: Rel-8 Rank 3-4; Rank 3-4 [3][4]

	Feedback
	PUCCH 1-1,  sub mode 1 as 8Tx

	Feedback periodicity
	10 ms for RI/PMI1; 5 ms for PMI2/CQI

	Feedback delay 
	8 ms

	Channel estimation 
	2D MMSE

	HARQ
	4 retransmissions
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