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1   Introduction
According to the chairman’s notes from RAN1#73, the following agreement was reached with respect to 4Tx rank 1/2 codebooks for Rel-12.

	Agreement: 

· W1 with wide-spaced beams (2a or 2b) for the sake of robustness of the gains

Way forward for ranks 1-2: 

· Evaluate 2a and 2b and how to perform codebook subsampling until Friday 7th June. 

· Email agreement between 2a and 2b and codebook subsampling until Friday 21st June. 


As per the conclusion of the email discussion after RAN1#73: (1) Solution 2a was adopted as the dual codebook for Rel-12 and (2) the following agreement on codebook subsampling was reached:

PUCCH mode 1-1 submode 1: Entries [0,1,2,...,7] selected for W1 subsampling for rank 2.
There are several open issues remaining with respect to codebook subsampling and this contribution addresses them.
2  Codebook subsampling

2.1 PUCCH 1-1 submode 1

The 
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 structure that is common for solution 2a/2b has the component matrix
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So clearly, 
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 have the same columns except for a cyclic shift (i.e., the columns of 
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So, a subsampling of the form 
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for 
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 has been adopted for PUCCH 1-1 submode 1 rank 2 feedback where 
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represents the subsampled PMI and 
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(= 0,…,15) is the PMI index for 
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. Or in other words, from the value of the first PMI, 
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(0, 1,..,7), the codebook index 
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For rank 1, 
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comprises beam selection component matrix Y that can choose any beam for antenna port pairs (#15, #16) and (#17, #18) but, with a 
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 phase offset for one co-polarized pair with respect to the other. Strictly, these phase offsets result different beams for 
[image: image19.wmf] 

 

m

o

d

(

i

1

,

8

)

 and 
[image: image20.wmf] 

 

m

o

d

(

i

1

,

8

)

+

8

 for rank 1 although the performance difference between subsampling and full 4 bit W1 feedback is expected to be small. 

For PUCCH 1-1 submode 1, 3bits can be used for the first PMI by reporting  
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 with 1bit for RI (for rank 1/2) and 2bit RI (for rank 3/4).

Proposal 1: For PUCCH 1-1 submode 1, for rank 1, adopt 
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 similarly to that for rank 2. In other words, from the value of the first PMI, 
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(0, 1,..,7), the codebook index 
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2.2 PUCCH 1-1 submode 2

2.2.1 Rank 1
For PUCCH 1-1 submode 2, 3bits can be used for the first PMI by reporting 
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. No compression is necessary for the second PMI (
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2.2.2 Rank 2
Compression is necessary for both the first PMI (
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) for rank 2 to ensure that the payload size is 11bits (only 4 bits available for PMI). Two alternatives can be envisioned:

Alt 1: For this case, 3bits can be used for the first PMI by reporting 
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 as for rank 1. Co-phasing the same primary beam using phase offsets from the set {0, 180o} for 
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 can be adopted as below with 1bit for the second PMI: 
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 with 1bit for W2.

Alt 2: For this case, instead of using 3bits for the first PMI, 2bits can be used by reporting 
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 as for rank 1. For the second PMI, 2bits can be used with 
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 as below: 
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The max-min distance (both 2-norm and subspace distance) between the codewords for the subsampled codebooks are identical for the two alternatives.

We propose the following.

Proposal 2: For PUCCH 1-1 submode 2, adopt 
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subsampling by reporting 
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 (3bits) for rank 1. For rank 2, adopt 
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 (3bits) or 
[image: image41.wmf] 

 

I

P

M

I

=

m

o

d

(

i

1

,

4

)

 (2bits) based on either Alt 1 or Alt 2 and the corresponding subsampling for the second PMI.

2.3 PUCCH 2-1

For PUCCH 2-1, no compression is required for the first PMI. No compression is necessary for rank 1 for the second PMI. However for rank 2, compression for the second PMI is necessary (2bits). Alt 2 shown above (only the part that describes subsampling for the second PMI):
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with 2bits for the second PMI can be used.

Proposal 3: For PUCCH 2-1, for rank 2, adopt subsampling for the second PMI as shown under Alt 2.
3 Conclusions
In this contribution we provided a discussion on subsampling for the adopted Rel-12 4Tx codebook. We propose the following. 

Proposal 1: For PUCCH 1-1 submode 1, for rank 1, adopt 
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subsampling by reporting 
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 similarly to that for rank 2. In other words, from the value of the first PMI, 
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(0, 1,..,7), the codebook index 
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Proposal 2: For PUCCH 1-1 submode 2, adopt 
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subsampling by reporting 
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 (3bits) for rank 1. For rank 2, adopt 
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 (3bits) or 
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 (2bits) based on either Alt 1 or Alt 2 and the corresponding subsampling for the second PMI.

Proposal 3: For PUCCH 2-1, for rank 2, adopt subsampling for the second PMI as shown under Alt 2.
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