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Introduction
In the WID of EBF/FD-MIMO, specification enhancements on CSI reporting was included [1]:
· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained.
It was agreed that codebook for the purpose of PMI reporting of 2D antenna arrays has dual-stage precoding structure [2]. Also the flexibility of antenna configuration was addressed [3].
In this contribution, we propose a flexible codebook design.

Discussion
Precoding matrix of dual codebook can be represented as multiplication of wideband precoding  and subband precoding, where indices  and  denotes wideband/subband PMI respectively.
Wideband precoding  implies 2D grid-of-beams.

Each row corresponds to a TXU, and the number of rows in submatrices  and  equal to  and  respectively. Column vectors of the submatrices can be taken from  DFT matrix  whose element is given as

Subband precoding  performs beam selection and co-phasing. Column vectors are taken from the identity matrix .

In principle, given RI, wideband precoding can be determined in component-wise manner, i.e.  and . Beam selections of subband precoding should be performed on 2D grid-of-beam jointly.
For rank 1-2 wideband precoding, legacy dual stage codebook designs specify normalized beam spacing  for  respectively. For array size  other than 2 and 4, spacing parameters in Table 1 can be considered.
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	(2, 4)
	(3, 4)
	(4, 4)
	(6, 4)
	(8, 4)

	
	(0.5, 0.0625)
	(0.75, 0.09375)
	(0.125, 0.25)
	(0.1875, 0.375)
	(0.25, 0.5)



Subband precoding can be extended from the legacy codebook as follows, since transmission layers are multiplexed in polarization domain.

For rank 1,


For rank 2, the beam selection pattern of legacy codebook can be reused as a baseline and it was rewritten in Table 2 for completeness.


[bookmark: _Ref427412418]Table 2 Beam selection pattern for rank 2
	 or 
	0
	1
	2
	3
	4
	5
	6
	7

	 or 
	(0, 0)
	(1, 1)
	(2, 2)
	(3, 3)
	(0, 1)
	(1, 2)
	(0, 3)
	(1, 3)



[bookmark: _GoBack]2D codebook designs are more involved for higher rank cases than low rank cases. And prioritization may be needed considering tight time budget.

Conclusions
In this contribution, a 2D codebook design has been proposed for rank 1-2.

References
[1] RP-151085, “New WID Proposal: Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, Samsung.
[2] TR 36.897 v13.0.0, “Study on elevation beamforming/FD-MIMO for LTE”
[3] R1-153586, “Motivation for flexible framework for non-precoded CSI-RS”, Ericsson

1
	
