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1   Introduction
An LS from RAN4 [1] asks RAN1 to re-assess the need for antenna selection elements of the two antenna codebook shown below in Table 1.  In the LS, RAN4 expressed their concerns regarding the power amplifier complexity and the performance benefits of antenna selection, based on the simulation results for the case of 64-QAM, R-3/4 in EVA5 channel model, as reported in [5]. 
Further simulations have been performed for various modulation and coding schemes (MCS), in various channel models [2]. The simulation results as reported in [2] show gains of between 0.1 dB to 1.55 dB, depending on the MCS and channel models. 
The contribution [2] has further addressed the concern regarding power amplifier complexity. In a fully loaded system, the issue of power imbalance was unlikely, as multiple users are typically scheduled for transmission on different RBs. Thus, antenna selection does not introduce additional power amplifier complexity.

Table 1. Two Transmit Antenna Precoding Codebook [3].
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These are important reasons to maintain the current two antenna codebook in its entirety. 
However, in order to address the concerns raised by RAN4 we propose a few possible options for the way forward, including a simplification on the use of the two transmit antenna codebook.
2 
Proposals
Proposal 1: 
Retain the codebook for two transmit antennas as shown in Table 1, which has been adopted by RAN1 since March 2007, after extensive discussions [3].
As discussed in the previous section, the concerns of RAN4 regarding performance benefits and power amplifier complexity for antenna selection have been shown to be resolvable [2]. 
Proposal 2:
To avoid the drawbacks of the present precoder codebook and to address the concerns in the RAN4 LS, we propose: 
· The signaling for precoder information should be designed so as to support only up to six precoder elements, i.e., four codewords for Rank-1 and two codewords for Rank-2, to maintain the nested property.   
· 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. 
The above proposal was originally presented in [4].
3 
Discussion
It has been suggested that antenna selection can be realized through the use of virtual antenna mapping in association with the constant modulus codewords (Index 2-5). However, there are a number of drawbacks in the use of virtual antennas:

· Increased transmitter complexities with virtual antenna mappings

· Degradation in channel estimation especially when signal from one of the antennas is much stronger than the other

· For UEs not using antenna selection, only two precoding vectors are available for selection, which could lead to performance degradation 
· All UEs in a cell have to employ the same restricted codebook

The benefits of the proposals above are as follows:
Proposal 1:

· Concerns as expressed by RAN4 have been shown to be resolvable [2]
· Performance gain of 6 codewords over 4 codewords can be significant [2], [7]
· Avoid unnecessary changes to the standard after the codebook has been adopted for over a year, as the changes can impact ongoing product development.  
Proposal 2:

· The second codebook subset has constant modulus
· For implementations in which antenna selection is needed, the use of the first codebook subset can be used.
· The restriction of the rank-1 subset size to 4 elements allows signaling of the codebook element with 2 bits in all cases, which decreases overhead and limits the number of test cases for different feedback formats.
· Codebook restriction can be UE specific based on the channel conditions

4 
Conclusions
In response to the LS from RAN4, we recommend RAN1 to provide a response based on either proposal 1 or 2. Proposal 1 is the preferable choice, as it leads to better performance with a smaller number of test scenarios. 

The codebook for 2 transmit antennas has been stable for more than a year. A reduction in codebook size from 9 to 6 elements can result in significant system performance degradation in some scenarios. There is no sufficient evidence, e.g., extensive link and system-level simulation results to justify the changes. 
Simulation results in [8] have shown a significant gain using the identity matrix (Codebook Index 0) for case of Rank-2, open-loop SM. It is possible that this matrix may also provide non-negligible gain for the closed-loop case. Thus, the impact of removing this codeword should be evaluated carefully. 
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