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1.
Introduction
One important part of LTE-Advanced UL SU-MIMO transmission is the actual codebooks used for precoding. Most of the decisions needed for the codebook design were made already during the LTE-Advanced Study Item and rank 3 codebook was agreed to be CM preserving in RAN1#59bis meeting [1]. Only two issues remain open on the precoding codebooks:

· Consider size-12 in addition to the  formerly agreed size-20 for rank 3 codebook 

· Actual rank 3 codebook entries  

In this contribution we briefly discuss and present our preferences on both issues.  

2.
Discussion
In RAN1#59 meeting it was agreed that rank 3 codebook size can be revisited and codebook size may be changed to size-12 codebook from the agreed size-20 codebook if there is enough reason for the change. Based on the discussion in RAN1#59 meeting, main motivation for size-12 codebook is lack of tangible throughput improvement when codebook size is increased to 20. For example, there is only marginal performance difference between size-12 and size-20 CMP codebooks in the results shown in [2]. A drawback of a larger codebook is some increase in computational complexity in precoder selection at eNB. Hence, we are open for reducing the codebook to size-12 if there is no concrete performance loss between size-12 and size-20 CMP codebooks submitted to RAN1#60 meeting. However, we do not want that the selection of size-12 codebook causes additional delay on the LTE-Advanced WI progress since sufficiently good size-20 codebooks have already been proposed in [3] and [4].
One potential source for further 3GPP discussions is the use of excess 8 PMIs available with size-12 codebook. Texas Instruments proposed two possible options for them on email reflector: 

1. Agree that the remaining hypotheses (i.e. excess 8 PMIs) are unused
2. Add 8 matrices to the rank-2 codebook to address the concern from [5] on high correlation performance.
From these options, we slightly favour option 2 since it has been shown in [5] that there is some room for improvement in rank 2 codebook design from the viewpoint of high correlation channels. Also the addition of 8 “cross-product” matrices is straightforward, since there are only 8 “cross-product” precoding matrices missing from the agreed rank 2 codebook that are proposed for size-16 codebook in [5].

We see that the rank 3 codebook should be selected based on performance comparison. However, if concrete performance differences between candidate codebook proposals cannot be found, a codebook design that is suitable for a large variety of radio channel conditions, UE positions and hand grips should be selected. For that, including all antenna grouping possibilities for layer 1 into the codebook is important.   
3.
Conclusions
In this contribution, we discussed the remaining open issues for uplink rank 3 codebook and concluded following:
· Rank 3 codebook size can be reduced to size-12 if there is no concrete performance difference between size-12 and size-20 codebooks

· In the case of size-12 codebook, the excess PMIs can be used to include 8 additional ‘cross-product’ precoding matrices proposed in [5] to the agreed rank 2 codebook
· Rank 3 codebook should be selected based on performance comparison. If there is no concrete performance differences between codebooks, a codebook containing all antenna groupings for layer 1 should be selected.
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