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1. Introduction

The WI on EBF/FD-MIMO was agreed [1] and the objectives in WID include enhancement on reference signal and CSI reporting for beamformed CSI-RS as follows: 
· Specify enhancements on reference signal in the following areas

· Beamformed CSI-RS
· Specify enhancements on CSI reporting in the following areas

· Necessary channel state information for beamformed CSI-RS
This contribution proposes a high-rank codebook design for beamformed CSI-RS. In our companion contribution [2], codebook design for rank 1 and 2 is proposed by applying on legacy codebook framework. In this contribution, we discuss some possible approaches for high rank codebook design by applying the legacy codebook framework. 
2. Review on Legacy Codebook
Compared to legacy 8Tx rank 1 and 2 codebook, rank 3 to 8 codebooks have different W1 and W2 structure, e.g., different number of beams in W1 matrix and different beam selection rules. In the Table 1, property of W1 and W2 codebook of legacy 8Tx rank 3 to 8 codebooks are summarized. 
Table 1. Summary of W1/W2 contents of Rel.12 8Tx codebook

	Rank
	W1
	W2

	
	W1 index
	Beam selection
	W2 index
	Beam selection
	Co-phase

	Rank3
	0~3
	8 closely spaced beams 
out of 16 beams
	0~15
	1 pair out of 4 pairs
	2 bits

	Rank4
	0~3
	8 closely spaced beams 
out of 16 beams
	0~7
	1 pair out of 4 pairs
	1 bit

	Rank5
	0~3
	4 widely spaced beams 
out of 16 beams
	0
	N/A
	N/A

	Rank6
	0~3
	4 widely spaced beams 
out of 16 beams
	0
	N/A
	N/A

	Rank7
	0~3
	4 widely spaced beams 
out of 16 beams
	0
	N/A
	N/A

	Rank8
	0
	N/A
	0
	N/A
	N/A


The advantage of applying on legacy codebook framework for a codebook design for beamformed CSI-RS is that minimal specification impact is expected to support beam selection feedback. In that sense, it is desired to have a common modification of legacy codebook for all rank cases, i.e., rank 1 to 8 codebook. However, as shown in Table 1, differences in terms of beam selection mechanism according to rank of legacy codebook might cause separate codebook design for each rank. For instance, an example for rank 1 and 2 shown in the companion contribution [2], i.e., W1 codebook is replaced by block diagonal matrix with identity matrix entries is not applicable to rank 3 to 8 codebook .
Observation 1: Separate codebook designs between rank 3 to 8 codebook and rank 1 and 2 codebook might be needed if RAN1 considers applying legacy codebook framework for a codebook design for beamformed CSI-RS.
3. Possible Approaches for High-Rank Codebook Design for Beamformed CSI-RS
In the legacy rank 3 to 8 8Tx codebook framework, a beam set composed of 16 beams is given as follows in [3]: 
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Among beams in the set, W1 codebook and W2 codebook result in a proper beam selection with co-phase between polarizations according to codebook indices and this property can be applied for rank 3 to 8 codebooks for beamformed CSI-RS. In particular, replacing B into a proper form could provide multiple port selection out of 4 beams that were transmitted on 4 pairs of beamformed CSI-RS ports, i.e.,8 CSI-RS ports. For instance, if the set with DFT vectors are replaced by a set composed of selection vectors, the legacy codebook framework would result in a port selection and co-phase. A simple example is given as follows:
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Observation 2: Applying the legacy codebook framework with proper replacement of W1 codebook can also be considered for 8Tx a high-rank codebook design as well.

There might be multiple options to design a proper beam set that composes of selection vectors, and since rank 5 to 8 codebooks only rely on W1 feedback while rank 3 and 4 codebooks have both W1 and W2 feedback, resulting beam selection can be various according to the beam set design. It is obvious that codebook optimization for each rank can provide performance enhancement. But to take an advantage of applying legacy codebook approach where minimal specification change is expected, it is desired to adopt a common codebook structure for rank 3 to 8 codebook in Rel.13.
Proposal 1: It is preferred to adopt a common codebook design for rank 3 to 8 codebook in Rel.13. 
4. Discussion and Conclusion

This contribution has discussed rank 3 to 8 codebooks design for beamformed CSI-RS in Rel-13, and made following observation and proposals.
Observation 1: Separate codebook designs between rank 3 to 8 codebook and rank 1 and 2 codebook might be needed if RAN1 considers applying legacy codebook framework for a codebook design for beamformed CSI-RS.
Observation 2: Applying the legacy codebook framework with proper replacement of W1 codebook can also be considered for 8Tx a high-rank codebook design as well.
Proposal 1: It is preferred to adopt a common codebook design for rank 3 to 8 codebook in Rel.13. 
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