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Introduction
Rel-13 includes the standardization of the enhanced carrier aggregation (eCA) where the number of component carriers (CCs) that can be aggregated is increased (with respect to Rel-12 CA) to 32 CCs. 

In this document we discuss some aspects of necessary enhancements to enable HARQ ACK feedback in the UL for up to 32 DL CCs.   
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Discussion
In Rel-13, a UE may be configured with up to 32 CCs. It was agreed earlier that a single UL CC may be configured with up to 32 DL CCs, which implies that a single PUCCH may need to handle HARQ feedback for up to 32 DL CCs.  Since the existing PUCCH formats are designed to handle up to 5 DL CCs. Some PUCCH enhancements are thus necessary. 

PUCCH Format Selection: In the Rel10-12 design, the PUCCH format can depend on whether PCell only is scheduled or SCell is scheduled; however, the format doesn’t depend on how many SCells are scheduled. This solution becomes increasingly inefficient as the number of aggregated DL CCs is increased.  It is inefficient to use a format that supports dozens of HARQ ACK bits when only a few DL SCells were scheduled. 
Moreover, as the PUCCH format selection, it is obvious that different PUCCH formats offers various tradeoffs between PUCCH performance and PUCCH multiplexing capability. Such a tradeoff should be UE-specific. For instance, while a UE in power-limiting scenarios is more desirable to have a performance oriented PUCCH format, a UE in favorable channel conditions is more desirable to have a multiplexing capacity oriented PUCCH format especially when there is a need to multiplex more UEs from system perspective (at the expense of slightly increased UE transmit power, which is not a concern when the UE channel condition is good).
· Proposal 1: Support dynamic PUCCH format selection based on the number of SCells scheduled, while the PUCCH format selection mechanism should be UE-specific. 
DAI for HARQ Payload and Format Selection: The fixed PUCCH format used in Rel10-12 enables a fixed mapping of HARQ ACK bits.  If the PUCCH format depends on the number of SCells scheduled, the mapping of HARQ ACK bits within the PUCCH payload is no longer fixed.  It is important that the UE and the eNB have the same understanding of the HARQ ACK bit mapping. 

In the offline email discussion, quite a few options on how to design the DAI were proposed and summarized. Although the indication of HARQ payload and PUCCH format in eCA is primarily with respect to frequency domain indexing and counting, the mechanism as in the TDD case, which is desired based on time-domain indexing and counting, can be largely re-used. It is also preferable to keep the design simple and straightforward such that error/corner cases can be minimized. As a result, we propose:
· Proposal 2: Use DAI based mechanism to support signaling of HARQ ACK bit mapping within the PUCCH payload. The detailed DAI mechanisms should use the TDD design as a baseline.

ACK bundling:  This technique is similar to that used in TDD.  Bundling could be performed across MIMO codewords, DL CCs, and/or DL subframes. Each of these options have some negative impact on HARQ efficiency, as they result in unnecessary retransmissions.  The more correlated the decoding results are among the bundled processes, the smaller the resulting loss is. 

· Proposal 3: Further evaluation is necessary to determine whether or not to support ACK bundling in eCA, and if so, how
3
Conclusions 
Based on the discussion presented in the paper, we propose the following:
· Proposal 1: Support dynamic PUCCH format selection based on the number of SCells scheduled, while the PUCCH format selection mechanism should be UE-specific. 
· Proposal 2: Use DAI based mechanism to support signaling of HARQ ACK bit mapping within the PUCCH payload. The detailed DAI mechanisms should use the TDD design as a baseline.

· Proposal 3: Further evaluation is necessary to determine whether or not to support ACK bundling in eCA, and if so, how
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