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Introduction
In RAN1#82bis [1], CSI reporting enhancements for elevation beamforming and full-dimensional (FD) MIMO has been discussed.  For Class B CSI reporting with K = 1, it was agreed that [2]
· A value N1={1, 2, 4, 8} is configured as one Rel.12 NZP CSI-RS resource
· eNodeB signals the number of ports N1 via NZP CSI-RS resource configuration
· CSI reporting with PMI-feedback-only based on W2-only feedback for N1 ports
· Working assumption: Using all/components of W2 in Rel.13 class A codebook configuration 4 
· DFT vectors are replaced by column vectors of identity matrix
· In addition, legacy (Rel.12) CSI reporting is also supported with MR functionality 
· For K=1, a new N1-port codebook (where each different CSI-RS port is virtualized from different sets of antenna elements) is to be investigated and possibly specified in Rel.14
Following above agreement, the W2-only PMI codebook for rank-1 with N1 = {2, 4, 8} was defined based on the class A codebook configuration 4 with following definition: [3]
· i11 = i12 = 0 
· , , 
·  is the (i + 1)th column of the N-dimensional identity matrix
	N1
	PMI value
	Selected  indices from class A codebook table
	

	2
	0 – 3
	0 – 3
	

	4
	0 – 7
	0 – 7
	

	8
	0 – 15
	0 – 15
	


Following RAN1#82bis, codebook proposals for rank-2 and above were submitted over the RAN1 email reflector.  Some of the proposals including the straightforward extension of the rank-1 codebook to rank-2. The construction of codebooks for higher ranks, however, is non-trivial.  In this contribution, we discuss the design of W2-only PMI codebooks for rank 3-4.
PMI codebooks for rank 3-4 
The agreed working assumption on the W2-only PMI codebook implies that
· The N1 ports can be divided into N1/2 groups and there are 2 ports in each group.  
· Each port in the same group is virtualized by antenna elements with the same polarization with a common virtualization weight.
As a consequence, each port group is associated with a beam, , and these N1/2 beams are orthogonal.  To construct a rank-3 or rank-4 precoder, two orthogonal beams are needed.  Given N1 ports, there are  orthogonal beam selection hypotheses.  Given an orthogonal beam selection, there are 4 co-phasing hypotheses for rank-3 and 2 co-phasing hypotheses for rank-4.  For N1 = 8, there are 24 hypotheses for rank-3 precoders and 12 hypotheses for rank-4 precoders.  As discussed before, a 4-bit PMI is expected in order to maintain the PMI feedback overhead.  Hence, a down-selection is needed.  The down-selection can be either on beam selection hypotheses or on co-phasing hypotheses. Considering the quantization resolution on co-phasing terms is already low, a down-selection on the beam selection hypotheses is preferred.  
For rank-3 and rank-4 precoders, there 6 beam selection hypotheses as illustrated in Figure 1(a).  The nodes 0, 1, 2, 3 presents 4 beams and the edge (m1, m2) between nodes m1 and m2 presents the selection of beams m1 and m2.  The full set of feasible beam selection hypotheses is {(0, 1), (0, 2), (0, 3), (1, 2), (1, 3), (2, 3)}.  
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Figure 1.  Beam selection hypotheses for rank-3 and rank-4 precoders.
One possible down-selection is {(0, 1), (1, 2), (2, 3), (3, 0)}.  Such a down-selection should be fine if the spatial direction of the 4 beams are unstructured.  However, if there is some intrinsic structure in the 4 beams, the down-selection as shown in Figure 1(b) may be problematic.  Suppose these 4 beams has a Kronecker product structure, i.e.
· Alt-1:  or
· Alt-2: ;
where  and  are associated with two orthogonal spatial directions in one dimension, respectively;  and  are associated with two orthogonal spatial directions in the other dimension.  Then, the down-selection {(0, 1), (1, 2), (2, 3), (3, 0)} is not optimal.  For example with Alt-1, as shown in Figure 1(b), it forces the selected beam pairs being in the same direction.  Such down-selection is valid if the angular spread in one direction is much larger than that in the other direction.  Though these are not all the cases.  Some users may have a channel with comparable angular spreads in both dimensions.  In such case, the selection of beam pairs (b0, b2) or (b1, b3) may be preferred.  To allow the diagonal beam pairing cannot be done by reordering the antenna ports.  As shown in Figure 1(c), even if the antenna ports are ordered as Alt-2, the beam pairs in one dimension will never be selected.  According to the above discussion, the down-selection {(0, 1), (1, 2), (0, 3), (1, 3)}, as shown in Figure 1(d) can be considered.  Such down-selection captures both intra-dimension pairing and inter-dimension pairing.  The resulting codebook is summarized in Table 2 and Table 3.
Table 1.  Rank-3 PMI codebook for class B CSI reporting with K = 1.
	N1
	PMI 
	

	4
	0 – 3
	, , , 

	8
	0 – 15
	, , , 
.


Table 1.  Rank-4 PMI codebook for class B CSI reporting with K = 1.
	N1
	PMI 
	

	4
	0 – 3
	, 

	8
	0 – 7
	, 
.


Proposal: Adopt the rank-3 and rank-4 PMI codebooks in Table 1 and Table 2.
[bookmark: _Ref378529477]Conclusions
In summary, we discuss the rank-3 and rank-4 PMI codebook design for class B CSI reporting with K = 1.  We analyze the down-selection of precoders considering potential structure of the antenna ports.  Based on our analysis, rank-3 and rank-4 PMI codebooks are proposed.
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