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1. Introduction
This contribution discusses the signaling requirements for 2 Tx precoding and what we can do to avoid some unnecessary signaling overhead. 

2. Signaling Requirements for Precoder Feedback

Coverage of the feedback signaling is critical and it is thus important to minimize the signaling overhead as much as possible. The 2Tx precoder codebook in Table 1, is seen to contain nine elements in total. This is obviously a rather inconvenient number to handle when it comes to designing the signaling for precoder feedback as it is one element too much to fit within three bits, complicating the design of the CQI and precoder signaling. We furthermore note that the two first rank one elements and the first rank two element corresponds to antenna selection. This is a principle that was abandoned for the 4 Tx codebook since it introduces problems with unbalanced power on the two PAs and it was concluded that such elements will most likely never be used. Because of this, it was in ‎[1] suggested to skip these three elements. This would have the benefit of

· Saving signaling overhead which anyway is not useful for improving the performance

· Resulting in improved coverage

· Simplifying the design of the precoder and CQI feedback, since six elements are more easily encoded into bits than nine elements

The proposal in ‎[1] could however not be agreed upon primarily because

1. It was claimed that the 2 Tx precoder codebook should not be touched since it had been agreed upon after lengthy discussions

2. Removing the antenna selection elements had some minor implications on the large delay CDD scheme.

It seems pity that all UEs in LTE have to suffer from extra signaling overhead and moreover complicate the precoder and CQI feedback design just because of these two reasons.

Table 1: Currently agreed 2 Tx precoding codbook as in specs.

	Codebook index
	Number of layers 
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3. Proposal to Circumvent Deadlock

This contribution is an attempt to accommodate the two views preventing a clean design and thus circumvent the deadlock in RAN1. Thus, we propose to keep the codebook as is but instead we design the feedback and downlink signaling to only handle six out of the nine elements. Clearly, this accommodates the first view of not touching the codebook. To see why it also accommodates the second view, we need to study the effective precoder matrix Weff which for large delay CDD is formed as 
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where i is the data resource element index and where W(i) is selected from the codebook in Table 1. Large delay CDD only affects the rank two case. The resulting effective precoder matrices for even i are listed in Table 2 (the two columns are swapped for odd i). The problem for large delay CDD with skipping the three antenna selection elements in the underlying codebook now becomes evident. We would then keep the two last effective 2x2 precoder matrices. But they are clearly equivalent and thus the performance of large delay CDD is slightly negatively affected in comparison with zero delay CDD, where the two remaining precoder elements would not be equivalent. This explains why there were views wishing to keep all nine elements because of issues with large delay CDD. 

However, if we get to choose the six elements freely, then another and better choice when it comes to large delay CDD is to skip the first two antenna selection elements and the last 2x2 effective precoder element. Two different 2x2 precoder elements are then available and the minor drawback of using six elements vanishes!

Table 2: Effective precoder codebook for large delay CDD.
	Codebook index
	Number of layers 
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4. Summary and Conclusions

This contribution addressed the signaling requirements for the 2 Tx precoding and it was observed that designing signaling for nine precoder elements is obviously not desirable from several aspects. To avoid the drawbacks of the present precoder codebook we propose that the signaling for precoder information should be designed so as to support only up to six precoder elements. But to avoid a fruitless deadlock in the standardization process as explained above, we further propose that the already agreed codebook subset restriction feature can be used for semi-statically configuring which of up to six elements out of the nine element codebook that should be used for the precoding. 
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