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1. Introduction

From the WID RP-121416 [1], “Further Downlink MIMO Enhancement for LTE-Advanced”, there are several issues have been identified to be enhanced. Some issues are introduced for codebook enhancements to support finer spatial and frequency granularity, and some issues are discussed for macro and small cells with co-polarized/cross-polarized, closely/widely spaced and co-located/non-colocated antennas, taking the power imbalance into consideration. 
In view of all the above improvements, additional feedback information and thus control format might be needed. As additional feedback information requires higher capacity in feedback channel, in this document, we consider the feedback capacity enhancement on PUCCH.
2. PUCCH capacity enhancement for periodic CSI feedback
The periodic CSI feedback is delivered from UE to eNB over PUCCH, with format 2, 2a and 2b each contains 20, 21 and 22 bits. The maximum number of bits  for CQI/PMI is 11 bits and could be encoded into 20 bits via RM (20,A) code. After appending possible HARQ bits (0, 1 or 2), the total number of bits that shall be delivered to eNB is 20, 21 or 22, and thus over PUCCH format 2, 2a or 2b.
Now, considering if we introduce some CSI enhancements which increases the number of feedback bits, we need a feedback channel supporting periodic feedback with higher capacity. Or, we need a more efficient encoding scheme which can encode higher number of information bits into feedback channel with the same size. For the first consideration, one convenient method is to reuse the PUCCH format 3, which is introduced originally to transmit HARQ bits to multiple cells in Carrier Aggregation (CA). For the second consideration, we could consider RM (16, 11) code as a candidate, which achieves similar coding performance with RM (20, A) code but can contain more information bits. 
Assuming now after some codebook enhancements, we have 
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 feedback bits to be encoded and delivered to eNB, where 
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is larger than 11. One possible way to deliver them is via existing PUCCH format 3, which is currently used for HARQ feedback in CA. The encoding process for PUCCH format 3 in Rel. 10 is as follows, where all HARQ bits are separated into 2 streams and each stream can carry a maximum number of 11 bits. After RM (32) encoding and truncation, the number of bits in each stream becomes 24 and the total number of bits is 48, which is just the PUCCH format 3 capacity. 
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Figure 1: Encoding and scrambling for PUCCH format 3 in 3GPP Rel. 10 specification [2].
In view of the existing encoding process for PUCCH format 3, we can easily increase the maximum number of feedback bits from 11 to 22 by simply replacing the HARQ bits by CSI bits.

Proposal 1: Reusing the PUCCH format 3 to carrier the additional CSI bits.
Another possible way to further increase the PUCCH format 3 capacity is via more efficient encoding scheme, and one candidate based on RM (16, 11) code has been discussed in [3]. The motivation behind is that, since the coding performance of RM (16, 11) code is similar to the coding performance of RM (32) code, as shown in figure 2, but could contain more information bits, then why not use the RM (16, 11) code instead of the RM (32) code. 
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Figure 2: Minimum distance of RM(16,11) code, compare to RM(32,O) puncturing the last 8 bits.
If RM (16,11) code is adopted, the maximum number of information bits can be delivered over PUCCH format 3 becomes 33, which is a significantly increased from 22 and even from 11.
Proposal 2: Considering efficient encoding scheme to deliver additional CSI bits, such as RM (16,11) code.
3. Conclusion
In this document we propose the following,
Proposal 1: Reusing the PUCCH format 3 to carrier the additional CSI bits.
Proposal 2: Considering efficient encoding scheme to deliver additional CSI bits, such as RM (16,11) code.
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