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1. Introduction 
In RAN1#62 meeting, the CSI feedback mode via PUCCH was agreed, and, according to the agreement, we need to design a sub-sampled codebook for 8Tx MIMO since the wideband PMI1, wideband PMI2 and the wideband CQIs can be reported at the same subframe [1]. 
· UE specific codebook subset restriction following the Rel.8 principle is supported in Rel.10 
· Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame
· For each rank, 1 subset of codebook C1 and/or subset of codebook C2 are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits

· For each rank, the subset of C1 and C2 are fixed and hence not configurable

· For each rank, the subset of C1 and the subset of C2 are designed either separately or jointly

In this contribution, we suggest a sub-sampling algorithm to build a fixed subset for PUCCH mode 2 reporting, and we show the codebook subset for rank 1~4. The properties of Rel-10 codebook and the sub-sampling algorithm are discussed in section 2, and the resulting subset is proposed in section 3. 
2. Sub-sampling rules for 8Tx codebook subset
The final codebook for 8Tx MIMO is agreed in RAN1#62bis [2], and the agreed way forward explains that the codebook for each rank is built on each of the following 3 design rules.
· Resolution of beam forming vector

· 32 PSK beams are agreed for rank 1 and rank 2 precoding 

· 16 PSK beams are agreed for rank 3 and rank 4 precoding 

· Hypothesis on beam selection 

· Rank 1

· All of the 32 beams can be indexed by PMI1 and PMI2
· Rank 2

· Oversampling of 
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 can be indexed by PMI1 and PMI2 for all 32 beams 

· All the beam pairs of 
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 can be indexed by PMI1 and PMI2  

· Rank 3

· Oversampling of 
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 can be indexed by PMI1 and PMI2 for all the beams 

· Rank4 
· Oversampling of 
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 can be indexed by PMI1 and PMI2 for the beams 
· Hypothesis on co-phasing

· For rank 1, 4 QPSK co-phasing hypothesis is agreed
· For rank 2, 2 QPSK co-phasing hypothesis is agreed
· For rank 3, co-phasing is not used
· For rank 4, 2 QPSK co-phasing hypothesis is agreed 

The subset can be built by reducing the amount of hypotheses on each design rule, and obviously, the rule having less impact on MIMO performance should be considered before the other rules having more severe impact on MIMO operation. Over the last several meetings, we observed that the resolution of beam forming or beam pairing has an impact not only on Rx power enhancement at UE side, but also on MAI management. Thus, for subset design, it would be a natural step to remove co-phasing hypothesis before we deal with the resolution of beam forming vectors. Therefore, we suggest following two rules for subset design. 

Step 1. The duplicated parts which are included to reduce edge effect should be removed for PUCCH CSI mode 2 reporting.
Step 2. If additional size reduction is required after step 1 is applied, co-phasing hypothesis should be eliminated before the hypothesis of beam forming vector would be reduced 

We also suggest following two assumptions should be applied for subset design.
· The subset size should be maximized.

· Subset size would be 7 bits for rank 1, or 4 bits for rank 2~4.

· The subset should be designed to support maximum beam selection or pairing hypothesis.

· The subset should be designed to have maximum Chordal distance.
3. Subset Proposal 
Rank 1 subset 
By removing the duplicated parts, 7 bits subset is defined for rank 1. The subset can be designed in two different ways.
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All the hypotheses for 32 PSK beam selection and 4 QPSK co-phasing are supported for rank 1 subset. 

Table 1. Beam selection and co-phasing for rank 2 subset. 
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Rank 2 subset 
The rank 2 precoder matrix defined by 
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 is given as combinations of 96 beam pairing hypotheses and 2 QPSK co-phasing hypothesis. By removing the over-samples and co-phasing hypothesis, the subset size decreases to 96 elements, and for further reduction, we could reduce the resolution of beam forming vectors. We suggest to build rank 2 subset by 16 PSK beams, and to assign different co-phasing element for adjacent beams as suggested by [4], [9]. Table 1 shows possible combination of beam forming vectors and co-phasing elements. The pairs of beams and co-phase element highlighted by the same color can be selected as a rank 2 subset, and the subsets for codebook 1 and codebook 2 are defined as 
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Rank 3 subset 

Since rank 3 codebook does not have any over-sampled elements or co-phasing hypothesis, we need to remove 48 beam paring hypotheses from rank 3 codebook. 32 hypotheses are removed by reducing the beam resolution from 16PSK to 8PSK. The remaining beam pairing hypotheses are shown below.
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The final subset is extracted by removing the elements having the least Chordal distance, or having similar properties. We start with the beam selection hypothesis which use 
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And we assume that the hypothesis 
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Since 
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 are composed by the same beams, the two precoder matrixes would have similar properties, the hypothesis 
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 will be removed from the subset. 
Table 2. Precoder matrices having most similarities with 
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We suggest including 
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 in rank 2 subset since it has larger Chordal distance than 
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 when the distance is measured from 
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 to be used twice could be defined in this way. 
Next, we jump to the element where 
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Comparing the Chordal distance of 
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 is selected for rank 3 subset, and by comparing the Chordal distance of 
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 is selected as an element of rank 3 subset. The sets of 
[image: image47.wmf](

)

12

,

ZZ

 which contains 
[image: image48.wmf]0

b

 or neighboring beams of 
[image: image49.wmf]0

b

 are shown in Table 2. We expect the sets in table 2 would maximize the Chordal distance, 

By repeating the same procedure for every other cases, the 16 beam selection hypothesis is defined as 
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And the subset is defined as  
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Table 3. Hypothesis for beam forming vector selection and co-phasing hypothesis 
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Rank 4 subset 

Rank 4 subset is simply defined by removing the co-phasing hypothesis. The pairing rule between beam forming vectors and co-phasing elements is just the same as with rank 2 subset. The possible pairs of beam forming vectors and co-phasing elements are shown in Table 3. The subset is defined as 
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4. Conclusion 
In this contribution, we suggest design rules for the codebook subset, and the subsets based on these rules are given as below. In our proposal,
· The size of subset is 
· 7 bits for rank 1

· 4 bits for rank 2~4

· Beam selection hypothesis is 

· 5 bits for rank 1

· 4 bits for rank 2~4

And we suggest to selecting one of the two alternatives at each rank. 

Rank1

Alt 1. 
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Alt 2. 
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Alt 1. 
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Alt 2. 
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Rank 3
Alt 1. 
[image: image67.wmf]11

(3)(3)

CC

=

%

 and 
[image: image68.wmf][

]

(

)

[

]

(

)

[

]

(

)

[

]

(

)

{

}

2115155737373

(3),,,,,,,,,,,

Ceeeeeeeeeeee

=

%

%%%%%%%%%%%%


Alt 2. 
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Rank 4

Alt 1. 
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Alt 2. 
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The proposed subset supports maximum beam selection resolution and the maximum Chordal distance.
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