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1. Introduction

In RAN1 #57, a sqrt(2) scale factor was added to entries 4 and 5 of the 2 antenna codebook.  It is our understanding that the scale factor was added so that the peak power per transmit antenna port would be constant for all codebook entries, and so that battery life could be enhanced when one of the elements is heavily attenuated.  However, given the behavior of the codebook it is not clear to us how the enhanced battery life can be obtained with the new power scaling.  We therefore consider alternatives to the use of the sqrt(2) factor and to the use of antenna selection in the 2 antenna codebook.
2. Codebook Behavior with added sqrt(2) Factor 
In RAN1 #57, a sqrt(2) scale factor was added to entries 4 and 5 of the 2 antenna codebook, resulting in the codebook below [1]:  
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We can model the received (noise- and interference-free) signal at eNB for rank-1 transmission as:
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where 
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is a MxP long column vector corresponding to M receive antennas and P subcarriers, 
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is a matrix with MxP rows and 2 columns, and 
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is a 2 element column vector from the codebook.  
If eNB selects 
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to maximize the received power, then it selects the kth codebook entry
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where 
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H

is the Hermitian transpose of 
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If we select 
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 from entries 0 through 3, then the corresponding power for the kth entry of the codebook is
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Assuming that UE antenna 1 is received at greater power than UE antenna 2 at node B
 and we select from codebook entries 4 and 5, then the maximum power 
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corresponds to codebook entry 4, and
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Since the codebook entries are scaled roots of unity, for eNB to select from the “selection part” of the codebook, we must have: 
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And so
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  , where n is an integer
For the above equation to be true, since 
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is positive real, we must have:
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Therefore, the used precoding vector is improperly chosen, since it destructively combines even though we have full flexibility to change the sign of the real part in the equation above by using the proper value of n.

Since they do not maximize UL power, it is not clear to us why eNB would ever select codebook entries 4 and 5, and so despite the lower power requirements for these entries, we do not think there can be UE battery life savings or a performance benefit from the use of these entries in the codebook.
3. Way forward
Some alternatives come to mind for ways forward:

1. Add a second codebook that only has codebook entries 4 and 5. Here, the peak UE transmit power requirement is clearly reduced.  However, the performance is also reduced relative to the case where the codebook includes all entries and operates under nominal conditions (ie, sufficiently PMI low error rates and delay).  Therefore, a reduced size codebook could only be beneficial under specific conditions, for which it is likely that at least the PMI feedback would have to be adjusted.  These specific conditions and the need to adjust the feedback operation would essentially mean an additional mode of operation.
2. Remove the sqrt(2) scaling.  In this case, there could be a performance benefit from including codebook entries 4 and 5 in some scenarios.  This could mean that the peak power of the antenna ports’ power amplifiers would have to be 3 dB higher.  As pointed out in [2], such a configuration may be feasible with limited impact to UE battery life and RF complexity.
3. Since precoding using antenna codebook entries 0-3 does not always provide significant performance benefit, another approach would be to allow the UE to semi-statically change its capability to single antenna transmission.  The UE could autonomously slowly select its antenna port (or “virtual antenna”) in a manner transparent to eNB.  This may provide a performance benefit in cases where there is a large antenna port imbalance that changes slowly.

4. Remove codebook entries 4 and 5, since their removal should not impact performance under nominal conditions.  This would also ensure that the peak antenna port transmit power is constant across antenna ports and codebook entries.
We find it hardest to justify alternative 1 without further study of both the conditions where it would be beneficial and the complexity of adding an additional mode of operation.  Alternative 2 may be attractive provided that sufficient performance benefits can be obtained with sufficiently low impact to battery life and RF complexity.  Alternative 3 seems to have limited standardization impact and should be considered independently of the other alternatives.  If alternative 2 is not pursued, then we recommend at least pursuing alternative 4.
4. Conclusions
We have considered the performance of the LTE-A uplink MIMO codebook when codebook entries 4 and 5 are scaled by 1/sqrt(2).  This sqrt(2) factor seems to eliminate the performance benefit of these codebook entries.  We therefore recommend that either:

a) the sqrt(2) factor be removed from these two entries, or 

b) the entries be removed from the codebook.  

We feel that both alternatives are worth further consideration, given that the UE RF complexity, battery life, and performance tradeoffs are not clear at this stage. 

Furthermore, it may be possible to improve battery life or reduce complexity with a codebook consisting solely of antenna selection.  However, since there are non- or lightly-standardized solutions to heavily imbalanced antenna configurations that can also provide these benefits, and since such a transmission mode may only be beneficial under limited scenarios given the other transmission modes, we would like careful study of the merits and tradeoffs of such a selection-only mode prior to its use in LTE-A.
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� Similar arguments will apply if antenna 2 is stronger.
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