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1 Introduction
System-level simulation results summarized in [1] have shown that there could be as much as 5% performance degradation in cell edge user throughput when the antenna selection codewords are removed from the 2-Tx codebook. 
In the LS from RAN4 [2], there is an additional concern about power imbalance issue as caused by the antenna selection codewords. While power imbalance can be avoided by the use of power pooling in the power amplifier (PA) design, we have suggested the alternative of using codebook subset selection to support non-power pooling based PA design, during the last RAN1 #52bis meeting [3].

This contribution provides further details on the approach of subset selection on the 2-Tx codebook. Subset selection for 2-Tx codebook has previously been proposed in [4] and [5].
2 Codebook Subset Selection
The constant modulus 2-Tx codebook subset is shown in Table 1, and the antenna selection 2-Tx codebook is shown in Table 2. The 2-Tx codebook which has been adopted into the current standard TS 36.211 v8.2.0 is also shown in Table 3.
There are two possible configurations for a sector with respect to codebook subset selection. In the first configuration, a NodeB can select one of the two subsets for use in a sector. For example, if NodeB does not use power pooling for its PA design, and foresees a problem with power imbalance, then it can be configured to use the constant modulus subset of the 2-Tx codebook, as shown in Table 1. 

In the second configuration, codebook subset selection is done by each UE. An UE performs a typical channel measurement procedure to select one of the codewords from a total of 9 distinct codewords for 2-Tx. The subset selection is signaled through the higher layer, while the index of the selected codeword in the subset is signaled using 2 bits through normal PMI feedback. 

It is expected that changes in the subset selection would not happen very often, noting that the two subsets share 3 common codewords, i.e. 
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. Subset selection is not changed if UE selects any common codeword. Furthermore, subset index may be filtered to reduce fluctuation. Signaling of subset selection will not be necessary unless there is a change in the subset. 
On the NodeB side, PMI can be overridden as currently supported by the standard, if NodeB desires. A different PMI from the subset as signaled by an UE can be selected by the NodeB for transmission. 

To support this approach, the PMI indication for both downlink and uplink signaling needs 2-bits. Selection of subset is performed at the higher layer infrequently. 
Table 1 Constant Modulus 2-Tx Codebook Subset

	Codebook index
	Number of layers 
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Table 2
Antenna Selection 2-Tx Codebook Subset

	Codebook index
	Number of layers 
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Table 3.
 2-Tx precoding codebook in TS 36.211 v8.2.0

	Codebook index
	Number of layers 
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3 
Conclusions

A cell site can be configured to operate in one of two possible ways:

I. NodeB selects a subset for all UEs in the same sector, e.g., use only the constant modulus codebook subset in Table 1, or,
II. Each UE can select any of the 9 codewords as shown in Table 3. Depending on the subset where this codeword belongs, i.e., Table 1 or Table 2, the corresponding subset index is signalled to the NodeB, using higher layer signalling.

The above proposal to support 2-Tx codebook subset selection can be supported by the standard with negligible complexity. 
This proposal relieves NodeB designs from power imbalance problem without the need to reduce the set of codewords. The reduction of the codebook size from 9 to 6 entries has been found to degrade the sector throughput performance by about 2% and cell edge throughput by about 5% [1]. 
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