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1 Introduction

This contribution identifies scenarios where the HARQ-ACK bits have not been clearly defined. In particular, the HARQ-ACK representation needs to be defined when one transport block is transmitted while the transmission modes allows up to two transport blocks.
2 Discussion
In [1], the following was captured

For FDD, a UE shall determine the number of HARQ-ACK bits, based on the number configured serving cells and the downlink transmission modes configured for each serving cell. A UE shall use two HARQ-ACK bits for a serving cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-ACK bit otherwise.

For PUCCH format 3, a UE shall generate a NACK for a DTX HARQ-ACK response for a transport block associated with a configured serving cell.
In [2], the following was captured
For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of HARQ-ACK information, is used for that cell. For cells configured with other transmission modes, 2 bits of HARQ-ACK information are used for those cells, i.e., with   corresponding to HARQ-ACK bit for codeword 0 and corresponding to that for codeword 1.
There are three scenarios of the transmission modes and the actual PDSCH transmission:

1. The transmission mode allows a single codeword only, and one codeword is transmitted. In this case the HARQ-ACK representation is: ACK→1, NACK →0, DTX→0.

2. The transmission mode allows up to two codewords, and two codewords are transmitted. In this case, the HARQ-ACK representation is: (ACK,ACK) →(1,1), (NACK,ACK) →(0,1), (ACK,NACK) →(1,0),(NACK,NACK) →(0,0), DTX→(0,0).

3. The transmission mode allows up to two codewords, and only one codeword is transmitted. The HARQ-ACK has two states: ACK, NACK/DTX, where DTX and NACK share the same representation. However, the representation for these two states is not clearly defined.

2.1 DTX
With a downlink transmission mode that supports up to two transport blocks, there are two kinds of control channel, one for transmission of one codeword only, the other for transmission of up to two codewords. For example, there has been defined the control channel with DCI format 1A and the control channel with DCI format 2 in the case of transmission mode 4. 

When there is no PDCCH detected and there is no PDSCH transmission with SPS, the UE will feed back DTX. The UE is not able to distinguish a DTX for one transport block transmission or two transport block transmission. Hence the UE needs to feed back the same representation for DTX regardless of one transport block transmission or two transport blocks transmission. Therefore the DTX state needs to be represented by the same bits for (NACK, NACK) /DTX as in scenario 2.
Proposal 1: For PUCCH format 3, a UE shall generate (NACK,NACK) for a DTX HARQ-ACK response regardless of one transport block or two transport blocks in the case of downlink transmission mode that support up to two transport blocks. 

2.2 ACK
When a downlink transmission mode that supports up to two transport blocks, 2 bits are reserved for ACK/NACK. There are three cases where just one transport block is transmitted even though the transmission mode supports up to two codewords. 
1. Downlink control channel that supports 2 transport blocks has been detected, but one transport block has been disabled;
2. Downlink control channel that supports single transport block has been detected;
3. PDCCH that indicates downlink SPS release.
In both case 1 and case 2, only one codeword is actually transmitted. Hence the feedback is ACK or NACK. There should be a mapping from {ACK, NACK} to {(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK)}. 
In case 3, {ACK} should be generated if the PDCCH is detected.

Implicit feedback of DTX has been agreed in 3GPP for a lower overhead than explicit DTX. Implicit DTX means DTX and NACK are not differentiated in the feedback, and thus NACK and DTX should be mapped into the same state, which is just represented by (NACK, NACK) in scenario 2. ACK can be mapped into one of the elements in set {(ACK, ACK), (ACK, NACK), (NACK, ACK)}. 

In an FDD system, there is no big difference with either of the 3 mapping options: ACK-> (ACK, ACK), ACK->(ACK, NACK), ACK-> (NACK, ACK). 

In TDD system, dual Reed-Muller code is used to support 12 to 20 bits of ACK/NACK. With the mapping ACK->(ACK, ACK), if two bits for a component carrier are split to be encoded with  two (24, A) Reed-Muller codes separately, 1 bit in the case of single transport block transmission is spread into the whole encoded 48 bits. Coding performance is better compared to ACK-> (ACK, NACK) or ACK->(NACK, ACK). 
Proposal 2: ACK is mapped into (ACK, ACK), and NACK is mapped into (NACK, NACK) in the case of single transport block transmission in the transmission mode that support up to 2 transport blocks.
3 Conclusions
We propose the following to be captured in 36.213:
Proposal 1: A UE shall generate (NACK,NACK) for a DTX HARQ-ACK response regardless of one transport block or two transport blocks in the case of downlink transmission mode that support up to two transport blocks.
Proposal 2: ACK is mapped into (ACK, ACK), and NACK is mapped into (NACK, NACK) in the case of single transport block transmission in the transmission mode that support up to 2 transport blocks.
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