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Introduction
At the last RAN1 meeting the following was agreed: 
Agreements:
· HARQ-ACK feedback with one bit per TB is supported.
Agreements:
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting
· Option 1: CB-group based re-transmission (Samsung) 
· Option 2: Decoder state information feedback (Nokia)
· Option 3: CB-level outer erasure code (Qualcomm)
· Option 4: Any combination of Option 1-3
· Other options are not precluded
· Note that if RAN1 will not reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15

In this contribution we discuss the aspect to utilize multiple HARQ-ACK feedback bits from one TB, given the options listed. We further consider an another aspect of HARQ-ACK reporting
Discussion
Utilize multiple HARQ-ACK feedback bits from one TB
In general, we do not see clear evidence to support any of the three options on the table. 
The first option corresponds to CB-group based retransmissions in [2]. This aspect is discussed from the use case of mini-slots puncturing a slot transmission in [1]. The contribution proposes a single bit indicator to indicate to the UE whether or not the whole TB has been punctured. It should further be studied if the UE can autonomously detected the punctured parts of the data. Consequently, for this use case it is currently too early to agree on introduce a more detailed mechanism without performing the corresponding study. The second main case is to handle burst interference from a neighboring cell of short mini-slot transmissions onto slot based transmissions. For the case of very strong neighbor cell interference, it looks from a UE perspective rather similar to the first aspect. The third case would be around the size of the actual transport block. To understand this better we firstly would need to consider the maximum carrier bandwidths and the corresponding numerologies the larger bandwidths can be used in. This would be done within RAN4 and it would be good await feedback before concluding. Lastly for the concept it would be of interest to understand the MAC level modelling of transport blocks on high-level before agreeing on this specific approach.
The second approach relates to decoder information and is proposed within [3]. This a new approach within 3GPP to provide this type of information’s and more specifics of design and what it can achieve are not clearly defined. The document [3] cited academic research, which is based on a single code block transmission. Under such simplified setup, the research indicates retransmission resource can be reduced if high quality decoder state information can be provided. There are at least three aspects that should be analyzed further. First, the retransmission resource saving of a single code block was shown in Figure 2 of [3]. It is stated that in 70% of retransmission cases, the resources can be reduced by a factor of ten. Since retransmissions are needed 10% of the time, the proposal reduces the average resources from 0.9*1+0.1*2=1.1 units to 0.9*1+0.1*(0.7*1.1+0.3*2)=1.037 units. The net resource saving is only 5.7% on average but comes at a cost of doubling the ACK bits and reduced PUCCH coverage. Secondly, in a wideband system such as NR or LTE, each transmission consists of multiple code blocks. The multiple code blocks may have different decoder state ACMI levels. This complicates the protocol designs. If the multi-bit ACK is based on average ACMI of the code blocks, then the worse than average code blocks are still not decodable. If the multi-bit ACK is based on the worst code block ACMI, then the claimed resource saving will be lost. 
The third aspects are outer codes. This has been initially discussed already in both RAN1 and RAN2 related to NR. It is not clear how this outer erasure decoding can be implemented in the UE economically but still satisfying fast ACK feedback latency requirements. It should be particularly noted that the outer code decoder hardware cannot be budgeted assuming it will be used on 10% of the time. In the event of a link adaptation error, several consecutive transmissions/layers will all require retransmissions. To satisfy the ACK latency requirement, the outer coder decoder need to be designed to handle such correlated transmission errors. Furthermore, what is clear from the discussions is that the impact is rather significant in both working groups and correspondingly just from a time perspective it would be good not introduce this within Rel-15.
For all three mechanisms it is clear that they further can be introduced in a backwards compatible manner in a later release of NR.
Proposal
· Introduce CB-group level HARQ-ACK feedback if the MAC-level modelling have been understood well enough and the gains are large enough by the remaining scenarios not covered by solution for mini-slots puncturing slots in DL.
HARQ-ACK reporting
Hybrid-ARQ acknowledgement ‘immediately’ after reception of downlink data is clearly beneficial from a latency perspective, as well as for operation in unlicensed spectrum. Hence this was agreed at RAN1 #87. 
Indicating multiple timing possibilities in the DCI may require multiple bits. Either these bits can indicate predefined timing relations (same slot, next slot, next-next slot, etc), point to a set of RRC configured relations (same slot, RRC conf 1, RRC conf 2, etc), or “polling” can be used. In the latter case, the DCI could contain a single bit indicating whether the UE should transmit the hybrid-ARQ acknowledgement (in the same slot) or not. If the UE was instructed not to transmit a hybrid-ARQ acknowledgement, the network could at a later time instant “poll” the UE for the status of the previous receptions. Polling could have the benefit of avoiding complicated HARQ-ACK codebooks as used in LTE. They can also be useful for operation in unlicensed spectrum for devices not capable of ‘immediate’ ACK.
Proposal
· Consider polled ACK in addition to ‘immediate’ ACK.
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Conclusion
In this contribution we have discussed various aspect of HARQ-ACK reporting and propose the following:
· Introduce CB-group level HARQ-ACK feedback if the MAC-level modelling have been understood well enough and the gains are large enough by the remaining scenarios not covered by solution for mini-slots puncturing slots in DL.
· Consider polled ACK in addition to ‘immediate’ ACK.
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