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1 Introduction
After RAN1#80, the following enhancements on UL control signaling for supporting up to 32 component carriers were discussed in email discussion [80-03]:

· At least the following enhancements to UL HARQ-ACK feedback signaling need to be considered/specified in order to support the increase in UL control information:

· Restricting increase of HARQ-ACK payload. Details FFS including

· HARQ-ACK bundling in spatial, time, and/or frequency domain

· Reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes.

In this contribution, we share our views on reducing the number of HARQ-ACK feedback bits.
2 Discussion

In Rel-10 CA, the number of HARQ-ACK feedback bits is determined based on the number of configured DL CCs and configured transmission modes for each CC, in order to avoid the ambiguity of the HARQ-ACK codebook size between eNBs and UEs. It should be noted that for both channel selection and PUCCH format 3 with RM coding, eNBs can perform smart decoding easily. Therefore, the detection performance will not be significantly impacted by the redundant HARQ-ACK bits. However, for Rel-13 CA, it was agreed that Rel-8 TBCC is used by new PUCCH format to support up to 32 CCs. Smart decoding of TBCC is much complicated. Hence, UE power wasting will be severe when a lot of carriers or subframes in the configured CC set are not scheduled for PDSCH transmission. Therefore, the HARQ-ACK codebook size reduction according to the actual scheduling is beneficial and should be supported. 
The principle of Rel-10 TDD HARQ-ACK arrangement for PUCCH format 3 with dual RM coding can be reused to reduce the redundant HARQ-ACK bits for Rel-13. Generally, two kinds of DAIs are needed:

· Total number of downlink assignments: It is used to indicate the HARQ-ACK codebook size.

· Downlink assignment counter: It is used to arrange the HARQ-ACK bits corresponding to the scheduled carriers/subframes.
The following DAI design can be considered for reducing the redundant HARQ-ACK bits: 

· For FDD, 2-bit downlink assignment counter and 2-bit total number of downlink assignments are added in each DL grant.
· For TDD, 2-bit total number of downlink assignments is added in each DL grant and existing 2-bit DAI in DL grant is reused for downlink assignment counter.
eNB configures up to 4 HARQ-ACK codebook sizes by high-layer signaling and indicates one of the predefined values by 2-bit total number of downlink assignments in DL grant. The indicated total number should be no less than the sum of the HARQ-ACK bits corresponding to all scheduled carriers/subframes. Downlink assignments are circularly counted in frequency-domain firstly then in time-domain, as shown in Figure 1. 
The UE determines the HARQ-ACK codebook size based on 2-bit total number of downlink assignments in DL grant, and then arranges the HARQ-ACK bits into feedback sequence based on the 2-bit downlink assignment counter in DL grant. When the indicated total number is larger than the sum of the HARQ-ACK bits corresponding to all scheduled carriers/subframes, padding bits should be added into the end of HARQ-ACK sequence.
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Figure 1: HARQ-ACK sequence
For this approach, the ambiguity of the HARQ-ACK codebook will only exists when 4 continuous DL grants are missed, which can be considered as a rare case. The main advantage of above approach is that the additional DCI overhead for reducing redundant HARQ-ACK bits is low.
3 Conclusions
In this contribution, we discuss the reducing the redundant HARQ-ACK bits for Rel-13 CA. Generally, we propose that additional DCI overhead for reducing the redundant HARQ-ACK bits should be limited. The approach present in section 2 should be considered.
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