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1 Introduction
The purpose of this contribution is to discuss the design principles of the new double codebook (DCB) for 4Tx and also to address open issues that arise due to its introduction:
· Configuration of DCB vs. configuration of Rel.8 CB

· Shall a UE be able to be configured to use the Rel.8 codebook and the DCB codebook at the same time (e.g. per PUCCH mode/PUSCH mode/CSI process)?

· Which PUCCH/PUSCH reporting modes does the DCB apply to?

In this contribution we show our DCB design and discuss these listed issues further.
2 Design of 4Tx DCB

The work item description indicates that the target antenna setup is the cross-polarized antenna with closely and widely spaced cross-poles. This is somewhat different to the Rel.8 codebook that was designed to be robust to any antenna setup and the resulting codebook is a compromise with the performance. This can be seen from the recent evaluation results that shows improved performance with DCB since it is tailored for cross-polarized case (and gains can be seen even with comparable less feedback overhead).  

The 8Tx design in Rel.10 was targeting a narrowly spaced cross-pol antenna configuration and we believe that such codebook design, using a set of DFT beams for W1 and co-phasing the polarizations in W2 (plus selection, if needed) would serve well also for 4Tx. 
It should be noted however that in the 4Tx case there is only two spatially separated antennas for each polarization so the beam-width is roughly doubled compared to the 8Tx case which has four spatially separated antennas per polarization. This means that the importance of per sub-band selection from nearby beams using W2 is likely to have even less significance in the 4Tx case (it should be noted that most of the W2 gain in the 8Tx case comes from co-phasing and not the beam selection). Hence, the number of beams in W1 to select from could probably be reduced compared to the 8Tx case and if beam selection is used, it is probably more efficient to use largely spaced/orthogonal beams in W1.
Observation: The benefit of per subband beam selection by W2 is smaller in the 4Tx case compared to the 8Tx case due to the wider beam width 
The 4Tx case allows for an implementation with somewhat larger column spacing than the 8Tx case, for the same environmental impact, and hence scenarios with lower channel correlation arise, useful for higher rank SU-MIMO operation. Hence, this scenario should be taken into account as well and this lower correlation case was also indicated in the work item description..  
Observation: A difference compared to the 8Tx design is that the spatial separation of the antennas could be wider and lead to less correlated channels  

To capture this in the codebook, widely spaced or orthogonal beam directions should also be present in the W1 precoding matrices for higher ranks.  Lower correlation leads to higher probability of rank 3 and 4 transmissions to UEs supporting 4 layer reception. If DCB is introduced for 4Tx, it has to be introduced for up to 4 layer feedback to benefit fully from the cross-polarized antenna structure. 
An alternative that has been discussed is to have a mixed codebook with the Rel.8 codebook for rank 3+4 but  use the DCB for rank 1+2. This leads to more complex implementations both for UE and eNB, since the nested property does not hold anymore across the rank 2-3 boundary. Hence, the nested property that implies efficient utilization of the matrix inversion lemma, cannot be used and the UE complexity for computing CQI and searching for the preferred PMI increases as two different codebooks needs to be handled separately. Moreover, rank override at the eNB side, e.g. reducing rank from 3 to 2, to schedule MU-MIMO, cannot be used, since the related CQI cannot be computed. This leads effectively to the conclusion that UEs capable of receiving 4 layers will never be possible to configure to use a new Rel.12 DCB. 
We are very reluctant to agree on such mixed codebook in the specifications and to conclude our position, we propose:

Proposal: If a new 4Tx DCB codebook is introduced in Rel.12, the new codebook should be defined for all ranks 1-4.  
2.1 Codebook proposal

Here follows our codebook proposal in terms of W1 and W2 matrices. Note that the resulting product codebook W=W1W2 should also be normalized but this has been omitted here. It is assumed that antenna (i.e. matrix row) 1 and 2 corresponds to one co-polarized antenna group with spatially separated antenna elements and 3,4 is the other co-polarized antenna group. The codebook description here is tries to capture the main design ideas of our proposal, and the final details (parameter values, codebook sizes etc) are up for further evaluation and discussion. 
Note also that the codebooks described here may need a final adjustment to center the beams on broadside of the antenna array (to have equaled number of beams pointing “left” and “right”). Whether this is needed, and how, depends on the final codebook design. 

2.1.1 Codebook for W1

Following the principle for 8Tx, for a given rank R={1,2,3,4}, the long term and wideband feedback matrix W1 is written as a set of 
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 block diagonal matrices
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Where the matrix in each block diagonal is consists of a GoB with 
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 beams by an arrangement of DFT vectors:
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Here, 
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 determines the GoB beam directions. As mentioned in the previous section, the codebook design should target both closely and widely spaced cross-poles, and this can be reflected by having both near parallel and orthogonal beam directions in W1. 
Proposal: W1 is a block-diagonal matrix.  Each block has DFT columns creating either near parallel or orthogonal beam directions

This was used in our rank two codebook proposal [1] by having two sets of beam structures for W1. 
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and 
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where 
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 are targeting higher angular spread and/or low correlation channels and 
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is targeting low angular spread and/or high correlation channels. Depending on which W1 is selected by the UE, a different W2 codebook could be used for each W1 beam structure to keep the overhead at minimum. 
Another alternative is to use a larger value of 
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 and incorporate both the narrow and the orthogonal beams in the same W1, and then perform the beam structure using W2 by beam selection. This comes at an additional overhead cost of at least one bit per subband. Hence, by letting W2 codebook depend on the selection of W2 leads to a more overhead efficient codebook and such codebook designs are worth investigating further as better performance can be achieved for a given cap on the overhead. 
Proposal: Investigate feedback efficient codebooks where the W2 codebook depends on the selection of W1. 
2.1.2 Codebook for W2
The subband and short term feedback component W2 then performs selection of columns from W1 (in case selection is needed) and co-phasing. Hence, each W2 candidate is a 
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Where each column performs selection and co-phasing
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And 
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 is a selection vector of zeros and “1” in the i:th row. So each column r in a W2 codebook element selects a beam from W1 using 
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 and co-phases the polarizations using the parameter 
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Proposal: W2 performs beam selection (if needed) from W1 plus co-phasing. 
3 Use of the 4Tx DCB
Although the DCB has shown to give benefits in terms of cell and user throughput when compared to Rel.8 codebook for the target scenario of cross polarized antenna setups, there may be scenarios where it is beneficial to use the Rel.8 codebook, even for Rel.12 terminals that support DCB. Furthermore, Rel.12 terminals must be able to operate in networks of earlier releases.

Therefore, the choice of 4Tx codebook (Rel.12 or Rel.8) used for CSI feedback should be done by the eNB through a UE specific configuration. We don’t see any benefit of allowing e.g. PUCCH and PUSCH reporting modes to use different codebooks. Allowing this may even increase the UE complexity. Furthermore, as mentioned above, using a mix of Rel.8 codebook and DCB is undesirable as it will be difficult to keep the nested property which leads to increased UE complexity.
Proposal: If a Rel.12 codebook is introduced, a UE is configured to either use the Rel.12 or Rel.8 codebook for all its CSI reporting
The PUSCH feedback Modes used by TM8-10 are 1-2, 2-2, 3-1 and the new 3-2 mode. An open issue is which of these modes benefit from a DCB. Our simulation results show that 3-2 gives a clear benefit with DCB while the benefit for 3-1 is smaller but still positive. The benefit of using DCB together with mode 1-2 and 2-2 is unclear and needs further justification. 
 
Proposal: At least PUSCH mode 3-2 and 3-1 support DCB
For PUCCH feedback, the modes used by TM8-10 are 1-1 and 2-1 and subsampling of the codebook is used to allow the payload fit in a PUCCH report. Depending on the final codebook design the subsampling may need to be defined. Furthermore, which PUCCH reporting modes that should be supported if a Rel.12 codebook is configured needs further discussion.
4 Conclusions

In this contribution we discuss the design of a new Rel.12 codebook based in double codebook structure:
Proposal: If a new 4Tx DCB codebook is introduced in Rel.12, the new codebook should be defined for all ranks 1-4.  

If it is agreed to have a new codebook, then we have these proposals:
Proposal: W1 is a block-diagonal matrix.  Each block has DFT columns creating either near parallel or orthogonal beam directions

Proposal: Investigate feedback efficient codebooks where the W2 codebook depends on the selection of W1. 
Proposal: W2 performs beam selection (if needed) from W1 plus co-phasing. 

Furthermore, these proposals relate to the configuration of such new codebook and related feedback configurations
Proposal: If a Rel.12 codebook is introduced, a UE is configured to either use the Rel.12 or Rel.8 codebook for all its CSI reporting
Proposal: At least PUSCH mode 3-2 and 3-1 support DCB
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