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Discussion and decision 
1 Introduction 
In the RAN1#71 meeting, the following agreement has been made [1]: 
· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI
· 2 Tx: 0 bit
· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively
· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2
· 4Tx: FFS with the consideration of codebook enhancement in Rel.12
· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively
· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel
· Additional information in the CSI reports for this new feedbsack mode

· For example CSI feedback enhancements targeted at improving MU performance

(Note that the current Rel-10 4tx codebook has W=W1W2 structure).

In this contribution, we discuss enhanced 4-Tx codebook designs. 
2 A Proposed Structure of an Enhanced 4-Tx Codebook  
As agreed in RAN 1 #71, the enhanced 4-Tx codebook W should adopt Rel. 10 8-Tx double codebook structure, i.e., 
· W=W1W2; 
· W1  may correspond to a long term and/or wideband  channel properties; 
· W2  may correspond to a short term and/or  narrow channel properties; 
We propose an enhanced 4-Tx codebook W with W1 and W2 for Rank-1 and Rank-2, which are specified as follows:
· W1 Codebook:  W1 has a block diagonal structure as follows: 
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matrix.  The values of 
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 depend on the rank.  
          For Rank-1 and rank-2, one possible X is chosen to from the following set of oversampled DFT vectors. 
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Proposal: The block diagonal structure for W1 should be considered. 
· W2 Codebook:  W2 is a 
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 depends on the rank.
Rank-1:  One possible option for W2 is to reuse the Rel. 8 rank-1 2-Tx codebook.  
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Rank-2: One possible option for W2 is to reuse the Rel. 8 rank-2 2-Tx codebook. 
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Since W2 is for subband, the codesize for W2 is critical to the overall overhead increase particularly when the bandwidth is large. 
 Proposal: Additional overhead increase relative to PUSCH mode 3-1 should be studied.  
· The overall codebook W is obtained as W1W2 with proper power normalization.  
Proposal: Trade-off between performance enhancement and overhead increase should be studied.
3 Design Considerations 
In the Rel. 10 8-Tx codebook, beams in W1 are constructed based on oversampled DFT vectors and the role of W2 is to perform co-phasing and beam selection for the beams contained in W1. Particularly, beams in W1 are targeting at the long term channel properties.  However, these designs do not take into account PMI usage in the systems.  We observe from our system level simulation results that PMI usage are not uniformly distributed across the PMI bins and some PMI are used much more than the others. As an example, we apply the following evenly oversampled DFT vectors (oversampling factor is 2) to the 2-Tx co-polarized ULA set-up:
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 EQ (1) .
PMI is defined as the value of n+1, which belongs to [1, 8].  Figure 1 shows the PMI usage statistics obtained over many TTIs and UE drops using ITU channel models.  Clearly,  PMI usage are not uniformly distributed. 
Figure 1: PMI Usage Statistics
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Figure 2 Beam Gains versus Azimuth Angle (EQ (1))
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In Figure 2, we plot beam gains versus the azimuth angle for evenly oversampled DFT vectors defined in EQ. (1).  As can be observed from the figure, most beams are evenly distributed around 90 degree (approximately), which corresponds to be the beam vector [1 1].  Due to the fact that PMI are used in a highly non-uniform manner, the evenly oversampled DFT vector may not be the best option.  
Proposal: The codebook W1 should have DFT-like vectors. The number of DFT-like beams and the choice of DFT-like beams should be studied.     

4 Conclusions
In this contribution, we discuss enhanced 4-Tx codebook deigns and we make the following proposal for consideration:
· Proposal 1 (for W1): The block diagonal structure for W1 should be considered. The codebook W1 should have DFT-like vectors. The number of DFT-like beams and the choice of DFT-like beams should be studied.     
· Proposal 2 (for W2): Additional overhead increase relative to PUSCH mode 3-1 should be studied.
· Proposal 3 (for W): Trade-off between performance enhancement and overhead increase should be studied.
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