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1. Introduction

In the RAN #52 meeting, there were some discussions on the PDCCH contents [2]. Among various formats for PDCCH contents, format 2 was proposed and discussed for the MIMO operation which includes the number of layer(RI), precoding matrix index(PMI) and precoding confirmation. In addition, some issues were raised about compressing MIMO-related indication especially for 2 tx antenna. However, the possibility of compressed format for 4 tx antenna is still FFS. In this contribution, we will investigate special properties of precoding matrix for 4 tx antenna. Based on that property, we will propose the compressed indication for MIMO-related information especially for 4 tx antenna case.
2. Some Properties of the Precoding Codebook Table for 4 Tx antenna
The precoding codebook for 4 tx antenna is defined in Table 6.3.4.2.3-2 in TS36.211. [1] In the codebook, the notation 
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 is the identity matrix and 
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 is the basis vector for Householder transform. The excerpted table is shown in Table 1 below.
Table 1. Excerpted Codebook for transmission on antenna ports 
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If we concentrate on codebook indices for 4 layer case, we can find the fact that the same basis vectors are reused between some codebook indices only with 
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multiplied or column order changed. It should be noted that the multiplication of 
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 with the same basis vector produces same SINR at the receiver. In addition, the exchange between basis vectors in a codebook keeps the SINR values with the order altered corresponding to the changed of basis vectors. Therefore, some pairs of codebook index generate same set of SINR values with just order changed.
However, it should be noted that what we have to focus on is not SINR value for each layer but CQIs to be reported. In rank 4, two codewords are mapped to the 4 layers according to the Table 6.3.3.2-1 in TS 36.211[1]. Based on the codeword-to-layer mapping, two CQIs shall be generated and mapped to {layer 1, layer 2} and {layer 3, layer 4}, respectively. Therefore if two basis vectors are exchanged between the layers of a CQI, the CQI shall be remained as the same CQI. 
The some pairs of codebook indices generate the exchanged SINR values in each of two CQIs. The two CQIs of one codebook are identically same as those of the other codebook in the pair. These codebook pairs generating same CQIs are {
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}. Moreover if we look into the codebook index group {
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}, the CQI values of two codewords are inter-switched. This change of CQIs order can be considered as the same kind of report since the sum rate of two CQIs is identical. For the convenience, in table 1, the pairs of codebook indices are filled in the same color. The details and relationship of CQI in the codebook pairs generating same CQIs are shown in Table2. 
To illustrate, we take an example of {
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} codebook index pair in Table 2. In codebook index 
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, there are two out of four basis vectors 
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in red box for codeword 1 and the other basis vectors 
[image: image53.wmf]}

4

,

3

{

0

W

in blue box for codeword 2. And similarly, in codebook index 
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in red box for codeword 1 and the other basis vectors 
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Table 2: Codebook for transmission on antenna ports
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Now then we can observe that three codebook indices result in the same CQI, the three duplicated codebook indices can be reserved without any performance loss. Therefore, the total required number of states for precoding codebook indices can be reduced from 64 to 61. These 3 reserved states can be saved or reserved for precoding confirmation and other control signals.

3. PMI-field compression form for MIMO operation

In the way forward about PDCCH contents, format 2 is used for the MIMO operation which includes MIMO related information such as the number of layer(RI), precoding matrix index(PMI) and precoding confirmation. In addition, the possibility of compressing MIMO-related indication especially for 2 tx antenna was discussed. However, the case for 4 tx antenna is still FFS. 
In 2 tx antenna case, the required number of PMI is 6(for 1 layer) and 3(for 2 layers) so that the total number of PMI is 9 which requires 4 bits. These 4 bits give 16 states so that there are 7 states left which can be used for PMI confirmation. It should be noted that this compression method combines the RI, PMI and PMI confirmation altogether into one field. As discussed in the last meeting, by combining and squeezing the PMI-related information into one field, we can get 1 bit saving from 5 bits(4bits for RI&PMI, 1bit for PMI confirmation) to 4 bits as shown in Figure 1-A. On the contrary, in 4 tx antenna case, the required number of PMI is 16 for each layers so that the total number of PMI is 64 which requires 6 bits. Since the 64 states spans all the space in 6 bits, there is no room for other signals.
However, as already mentioned in the previous section, we can save the three duplicate PMI codebook indices and reserve the three PMI codebook indices for other control signal such as PMI confirmation. If we combine the PMI-related information into one field and reserve the one of the duplicated PMI codebook indices for PMI confirmation, we can save one bit from 7 bits(6bit for RI&PMI, 1bit for PMI confirmation) to 6 bits as shown in Figure 1-B.
On top of that, another application for the reserved PMI codebook indices can be a default PMI [3] and/or an open-loop TxD indicator [4].
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Figure 1-A: compressed PMI-field concept for Format 2 on PDCCH for 2 tx antenna case
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Figure 1-B: compressed PMI-field concept for Format 2 on PDCCH for 4 tx antenna case

4. Conclusion

In this contribution, we investigated the properties of rank-4 precoding codebook for 4 tx antenna and proposed the compressed PMI-field in format 2. The proposed method for 4 tx antenna is in line with an already discussed compressed method for 2 tx antenna. 
· The compressed PDCCH field format combing the number of layer, precoding information and precoding confirmation seems to be useful and good approach to reduce the PDCCH overhead.
· Three duplicated PMI states can be reserved

· One of reserved PMI states can be used for PMI confirmation.
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