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1 Introduction
It were agreed in RAN1#82bis [1] that DAI based solution is supported for Solution (a) dynamic HARQ-ACK codebook. In this contribution, we show our views on the remaining details of PUCCH codebook design for new PUCCH formats.
2 Discussion
2.1 DAI based dynamic HARQ-ACK codebook
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 (Total DAI): It is used to indicate the HARQ-ACK codebook size.
· Downlink assignment counter (Counter DAI): It is used to arrange the HARQ-ACK bits corresponding to the scheduled carriers/subframes.
The following DAI design is proposed to reduce the redundant HARQ-ACK bits on PUCCH: 
· For FDD, 2-bit counter DAI field and 2-bit total DAI field are added in each DL grant. 
· For TDD, 2-bit total DAI field is added in each DL grant and existing 2-bit counter DAI in DL grant is reused.
For HARQ-ACK transmission on PUSCH, existing 2-bit UL DAI in UL grant can be reused as total DAI to indicate HARQ-ACK codebook size as well. The 2-bit UL DAI in UL grant should be used as the indication similar to the 2-bit total DAI in DL grant. Hence, the 2-bit DAI in the UL grant can be triggered by eNB  for cross checking between UE and eNB on the HARQ-ACK codebook size.
Four pre-configured or pre-defined HARQ-ACK codebook sizes can be indicated by 2-bit total DAI field in DL grant. The number of HARQ-ACK feedbacks supported in one UL subframe is different between FDD and TDD. Four code points of 2-bit total DAI could be specified based on the number of configured DL CCs and the number of DL subframes associated with one UL subframe in TDD.  In Rel-12, the total HARQ-ACK codebook size is determined based on the number of configured DL CCs and the number of DL subframes associated with one UL subframe. The 4 code points of 2-bit total DAI can be pre-defined as the rounding the total HARQ-ACK codebook size multiplied by P, where P is a set of fractional values. For example, P can be defined as {1, 2/3, 1/2, 1/3} for simplicity. The 2-bit total DAI field in multiple DL grants transmitted in the DL subframes and DL CCs corresponding to the same UL subframe should indicate the same value. The indicated value of HARQ-ACK codebook size should be no less than the sum of the HARQ-ACK bits corresponding to all scheduled carriers/subframes. 
The 2-bit counter DAI is counted separately in each PUCCH group if two PUCCH groups are configured. For FDD PUCCH group, counter DAI can be circularly counted in frequency-domain from lowest carrier index to highest carrier index. Within a TDD PUCCH group, counter DAI can be circularly counted in frequency-first-time-second manner, as shown in Figure 1. 
· For HARQ-ACK transmission on PUCCH, the UE determines the HARQ-ACK codebook size based on 2-bit total DAI field in DL grant, and arranges the HARQ-ACK bits into HARQ-ACK sequence based on the 2-bit counter DAI in the DL grant. 
· For HARQ-ACK transmission on PUSCH, the UE determines the HARQ-ACK codebook size based on 2-bit total DAI field in DL grant and 2-bit UL DAI field in UL grant, and arranges the HARQ-ACK bits into HARQ-ACK sequence based on the 2-bit counter DAI in the DL grant. 
When the total number of HARQ-ACK bits indicated in total DAI field is larger than the total bits of the HARQ-ACK sequence based on the 2-bit counter DAI, padding bits are added at the end of HARQ-ACK sequence.
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Figure 1: HARQ-ACK sequence
With 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. Hence, we have the following proposals:
Proposal 1: 2-bit downlink assignment counter field and 2-bit total number of downlink assignments field shall be added in each FDD DL grant to support dynamic HARQ-ACK codebook in Rel-13 CA.
Proposal 2: 2-bit total number of downlink assignments field shall be added in each TDD DL grant and existing 2-bit DAI in TDD DL grant shall be reused for downlink assignment counter to support dynamic HARQ-ACK codebook in Rel-13 CA.
For LAA, the eNB should prepare DAI value in each DL grant in advance based on a prospective number of DL CCs. However, the eNB may fail to occupy the channel on one or more DL CCs in the following DL subframe.  The eNB might not have enough time to reset the DAI value in each DL grant according the actual number of occupied CCs. Hence, the proposed DAI based solution for dynamic HARQ-ACK codebook is not suitable since 4 continuous DL grants missing is not a rare case taking into account the failing on multiple DL CCs after LBT. In such case, only one DL grant missing may introduce the ambiguity of the HARQ-ACK codebook with the 2-bit circular counter DAI, as shown in Figure 2. To support robust HARQ-ACK codebook design in LAA, more bits are required in the counter DAI field in the DL grant to avoid ambiguity by folding effect. For example, 7-bit and 5-bit counter DAI are included in the DL grant for TDD and FDD respectively. Alternatively, fixed HARQ-ACK codebook based on the number of configured CCs can be used for LAA case if the larger counter DAI overhead is not acceptable.
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Figure 2: The ambiguity of the HARQ-ACK codebook in LAA
2.2 HARQ-ACK bundling
In Rel-10/11 CA, spatial HARQ-ACK bundling is used by both PUCCH format 1b with channel selection and PUCCH format 3. However, time-domain HARQ-ACK bundling is only used by PUCCH format 1b with channel selection. To support carrier aggregated more than 5 CCs, the time domain HARQ-ACK bundling for PUCCH format 3 and new PUCCH format can be considered. The target design for TDD HARQ-ACK bundling is the same as that for FDD system, i.e. one bundled HARQ-ACK bit per CC. 
To support time domain bundling, the design should consider effectively reducing the number of transmitted HARQ-ACK bits without the ambiguity of last downlink assignment missing in bundling windows.  
To achieve one bundled HARQ-ACK bit per CC, a new field (1 bit) can be added into each DL grant to indicate whether current DL grant is the last one in the bundling window. The last downlink grant indicator (LDI) is only included in downlink grant transmitted in USS in order not to increase the number of UE PDCCH blind decoding. All HARQ-ACK bits in bundling window on one CC are bundled into one bit. The downlink assignment missing is determined based on DL DAI and LDI, as shown in Figure 3.
Proposal 3: More effective time-domain bundling should be supported for TDD. The compression target is one HARQ-ACK feedback bit per DL CC.
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Figure 3: Enhanced time-domain HARQ-ACK bundling for TDD
3 Conclusions
In this contribution, we discuss the HARQ-ACK codebook design for new PUCCH format to support up to 32 DL CCs with the following proposals:
Proposal 1: 2-bit downlink assignment counter field and 2-bit total number of downlink assignments field shall be added in each FDD DL grant to support dynamic HARQ-ACK codebook in Rel-13 CA.
Proposal 2: 2-bit total number of downlink assignments field shall be added in each TDD DL grant and existing 2-bit DAI in TDD DL grant shall be reused for downlink assignment counter to support dynamic HARQ-ACK codebook in Rel-13 CA.
Proposal 3: More effective time-domain bundling should be supported for TDD. The compression target is one HARQ-ACK feedback bit per DL CC.
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