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1. Introduction

At RAN1 #62, following modes are agreed for CSI feedback via PUCCH [1]
· Extension of mode 1-1 with RI reporting – CSI Mode 1 (2 subframes)
· W1 & RI will be reported at the same sub-frame 

· Wideband CQI & wideband W2 will be reported at the same sub-frame

· Extension of mode 1-1 without RI reporting – CSI Mode 2 (Single subframe) 
· Wideband W1 & wideband W2 & wideband CQI will be reported at the same sub-frame

· Extension of mode 2-1 – CSI Mode 1 (3 subframes)
· RI & 1 bit PTI will be reported at the same sub-frame

· W1 or wideband W2&wideband CQI will be reported at the same sub-frame
· Subband W2&Subband CQI can be reported at the same sub-frame 

According to the agreement, codebook subset restriction will be mostly required for the mode 1-1 without RI reporting in CSI Mode 2, and restriction could also be required for the extension of mode 1-1 with RI reporting (CSI mode 1). In this contribution, we discuss an efficient restriction indication scheme which would provide sufficient feedback overhead reduction and tolerable performance degradation resulting from the codebook restriction.  
2. Codebook restriction 
2.1 Overhead reduction requirement 

The payload size for PUCCH CSI feedback is given in Table 1. In Rel-8, mode 1-1 reserves 11bits for wideband PMI/CQI reporting, and 2 bits for RI reporting. Assuming that Rel-10 will use the same payload size of CQI as defined in Rel-8 (4 bits will be used to report CQI of first codeword and 3 bits would be used to report the differential CQI of the second codeword), the extension of mode 1-1 with RI (CSI Mode 1) can report all the possible combination of W1, W2 and CQI without codebook restriction. However, since each of wideband W1 and wideband W2 requires 4 bits payload size, and wideband CQI reporting would require at least 7 bits payload size, the extension of mode 1-1 without RI (CSI Mode 2) would require codebook subset restriction to reduce the payload size to maximum 11 bits. According to the agreement at RAN1 #62, at extension of feedback mode 1-1 without RI reporting, maximum 15 bits are needed for W1, W2 and CQI reporting. For example, rank 1 reporting requires 12 bits payload size, rank 2 reporting requires 15 bits payload size, rank 3 reporting requires 13 bits payload size, rank 4 reporting requires 12 bits payload size, and rank 5~8 reporting requires 10 bits payload size. Thus, 15 bits are needed for rank 1/2 feedback, 13 bits for rank 3 feedback, and 12 bits for rank 4 feedback as shown in table 2. Therefore, 1~4 bits should be reduced by codebook restriction at rank 1~4 feedback. The restriction could be performed on W1 and/or W2 either jointly or separately. 
2.2 Joint/separate codebook restriction
In Rel-10 8Tx precoder, the precoder matrix is composed of two parts, beam forming vector selection per layer and co-phasing matrix selection, and codebook restriction would limit the selection of beam forming vector and/or the co-phasing matrix. Since the co-phasing elements are 4 at most (at rank 1 transmission), codebook restriction could require beam restriction at rank 1 or rank 4, and beam restriction is necessary at rank 2 and rank 3. Table 2 shows all the possible cases of codebook subset restriction where the minimum restriction is assumed.
Since beam forming vectors jointly indicated by PMI of W1 and PMI of W2 do not have the same properties to be reported, we suggest that the following properties should be satisfied by codebook restriction 
1. Beam forming vectors which show higher probability to be reported in non-codebook-restriction environment should be included at the restricted codebook

2. The possibility that a beam forming vector reported in non-codebook-restriction environment would be different from the beam forming vector reported by restricted codebook should be minimized.
Both properties can be satisfied by restricting the beam forming vectors which show the worst properties in non-codebook-restriction environment. Figure 1 and 2 show the properties of beam forming vectors to be selected in non-codebook-restriction environment where 8Tx and 2Rx antennas are assumed. We assume that codebook restriction is optimized for wideband W2 reporting, and the minimum possibilities that the beam forming vector reported in non-codebook-restriction environment would be different from the beam forming vector reported by restricted codebook are shown in Table 3.
Table 1 [Table 7.2.2-3 TS 36.213]: PUCCH Report Type Payload size per Reporting Mode
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Table 2. Possible options for PMI payload reduction by codebook restriction
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Table 3. Property of PM mismatch with the codebook restriction optimized for wideband W2
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3. Direct beam restriction  
In Rel-8, for 4Tx closed loop MIMO transmission, 
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 64 bits are used for the indication of codebook restriction. In rel-8, each restriction bit 
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 is linked to one of the 64 precoder matrices, and by setting 
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 will be removed from the codebook. In rel-10, at rank 1/2 transmission, each precoder matrix can be indexed in two ways. For example, precoder matrix 
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 can be expressed either by 
[image: image10.wmf]10

PMI

=

, 
[image: image11.wmf]20

PMI

=

 or by 
[image: image12.wmf]116

PMI

=

, 
[image: image13.wmf]211

PMI

=

. The overlapping structure is designed to support subband W2 reporting, but the simulation results in Table 3 shows that the restriction could degrade the accuracy of subband W2 reports. In this section, we suggest direct beam restriction algorithm where restriction index 
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 disables the beam forming vector 
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. By doing this, one to one match exists between each restriction indication and beam forming vector 
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, and the simulation result in table 4 shows that the direct beam restriction can support higher accuracy at subband W2 reporting. An example of direct beam restriction algorithm for rank 1 is shown below. Figure 1 shows that 
[image: image17.wmf]722

~

vv

 are not frequently used neither in wideband W2 feedback mode nor in subband W2 feedback mode. By letting 
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 to 0, these beams will be removed from the codebook, and the restricted codebook which reduces feedback size for W1 can be determined as 
W1 = 
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The index 
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 means that W1 is composed by 4 beam forming vectors 
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. The restriction at W2 can be done in similar way.
4. Conclusion
In this contribution, we compared performances of joint codebook subset restriction and separate codebook restriction at rank 1/2 downlink MIMO transmission. At both joint restriction and separated restriction, the restriction causes serious impact on subband precoding than wideband precoding, and restriction at W2 beam selection hypothesis results in more chance of precoder matrix mismatch than the restriction at W1. The direct beam restriction shows moderate performance for both at wideband W2 reporting and subband W2 reporting. It should be noted that at most 64 or 32 bits are needed to support one to one matching between restriction indicator and precoder matrix at rank 1 or rank 2, while joint restriction requires 
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 bits at rank 1 or rank 2.
Table 4. Property of PM mismatch by beam restriction optimized for wideband W2
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Figure 1. Property of beam forming vector selection at 8X2 MIMO in 3 sector Macro-cell 
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Figure 2. Property of beam forming vector selection at 8X2 MIMO in 3 sector Macro-cell
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