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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.  Based on discussions in RAN1 #57bis, 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, the scaling causes entries 4 and 5 to virtually always produce less received power at eNB than entries 0 through 3.  Therefore, eNB will need to use a selection algorithm for rank 1 other than a straightforward one that maximizes received power.  For there to be a benefit from the use of entries 4 and 5, eNB will need to conserve UE power by selecting from entries 4 and 5 when their performance is sufficiently close to that of entries 0 through 3.
In order to ensure that eNB implementations support this UE power conserving feature, we propose some text for the LTE-A study item TR.

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

[image: image23.wmf](

)

22

12

11

11

Re

2

r

r

j

r

r

n

+

+

³

  , where n is an integer
For the above equation to be true, since 
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is positive real, we must have:

[image: image25.wmf](

)

0

Re

12

£

r

j

n


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, unless it is explicitly to allow the UE to save power by not transmitting on an antenna.  
3. Text Proposal
We have seen in the previous section that eNB will need to use a “UE power friendly” algorithm that trades some degradation in performance for reduced UE power consumption in order for there to be a benefit from codebook entries 4 and 5. Since this algorithm is not as straightforward as one that, say, maximizes received eNB power, and because the purpose of codebook entries 4 and 5 is not clear in the present TR text, we propose to add the following text (highlighted in yellow) to section 6.1, “Uplink spatial multiplexing”, of [1].
For FDD and TDD, precoding is performed according to a predefined codebook. If layer shifting is not configured, precoding is applied after the layer mapping. If layer shifting is configured, precoding is applied after the layer shifting operation. Application of a single precoding matrix per uplink component carrier is supported. In case of full-rank transmission, only identity precoding matrix is supported. For uplink spatial multiplexing with two transmit antennas, 3-bit precoding codebook as defined in Table 6.1-1 is used.  Codebook entries 4 and 5 are used to allow the UE to save power.  When eNB determines the performance with entry 4 or 5 is sufficiently close to that of entries 0 through 3, and it wishes to allow the UE to save power, eNB will select either entry 4 or 5.
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).  Because the sqrt(2) factor seems to eliminate the performance benefit of these codebook entries, their benefit arises from the power savings the UE may obtain by not transmitting through one of the antennas.  In order for UEs to benefit from this power savings, new eNB behaviour is needed.  We therefore propose text for the LTE-A study item TR that captures this understanding of eNB behaviour.
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� Similar arguments will apply if antenna 2 is stronger.
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