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1. Introduction

In RAN1#72b meeting, designing 4 Tx new codebook was mainly discussed and the following working assumption for rank 3, 4 codebook was made:
Working assumption for rank 1-4:
· New 4 tx codebook is constant modulus

· Companies can provide further evaluations for Scenario C1 until RAN1#73 if desired

Working assumption for rank 3,4:

· 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
· W1: 2 bits

· W2: FFS between:

· 4,3 for ranks 3,4 respectively, or 

· 3,3 for ranks 3,4

As captured above, there are three alternatives on designing 4 Tx new codebook for rank 3, 4; same as Rel-8, enhanced, or not supported. In this contribution, we share several issues on these alternatives.
2. Discussion
In the previous meeting, it was agreed that a new 4 Tx codebook for rank 1 and 2 is introduced in Rel-12 but it is still FFS if enhanced codebook is needed for rank 3 and 4. For our understanding, one of the main reasons we focus on low rank codebook design is that, in high rank, codebook is not the key to performance enhancement. Based on this understanding, we designed 8 Tx codebook in the way that the higher rank the smaller codebook size is. Therefore, it seems more reasonable to use the existing codebook for rank 3 and 4 than to design a new codebook.
Even if it is agreed to combine an enhanced codebook for low rank and Rel-8 codebook for high rank, there are several points in PUCCH feedback we need to discuss further. First of all, it is necessary to tweak current PUCCH feedback mode since codebook structure changes according to rank. For example, two different feedback frameworks in PUCCH feedback mode 2-1 may be needed to handle both dual codebook structure and single codebook structure. In other words, in rank 3/4, 8-Tx feedback framework based on PTI seems no longer effective. Also, if it is still needed to feedback report type 1a consisting of sub-band CQI and sub-band PMI in rank 3/4, we need to consider a sub-sampling method for Rel-8 codebook in order to meet 11 bits feedback container.
The simplest way could be not to support rank 3 and 4 in a new 4 Tx codebook. Some companies could be concerned about this approach since it looks incomplete and it seems to exclude the possibility that high geometry UEs achieve maximum spectral efficiency. However, we need to weigh how much the future demand for 4 Rx UE will be when Rel-12 system is launched in the market. It seems very unlikely that the 4 Rx UE is actually used in the near future given that there is very little or no demand for even 4 Tx eNB from operations currently. Therefore, even if rank 3 and 4 is supported in a new codebook, it is probably not used. 
3. Conclusion
This contribution discussed 4 Tx codebook for rank 3/4. We points out several issues that need to be considered when Rel-8 codebook for rank 3/4 is re-used; feedback frameworks and subsampling in PUCCH feedback. In our view, it is also reasonable to consider not supporting rank 3/4 in a new 4 Tx codebook since it seems very unlikely that the 4 Rx UE is actually used in the near future.
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