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Introduction
Several enhancements to HARQ operation have been proposed for the New Radio (NR) air interface. One such enhancement is the support of multiple HARQ-ACK feedback bits per transport block (TB). This feature was discussed at the NR ad-hoc meeting with the following conclusion [1],
Agreements:
· HARQ-ACK feedback with one bit per TB is supported.
· 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 design considerations for these proposed feedback schemes to help make a decision on how to proceed for NR HARQ-ACK feedback in Release 15. 

Discussion on multiple HARQ-ACK bits per TB
In LTE, a TB may be segmented into smaller code blocks (CBs) based on the maximum input block size to the turbo encoder. Each CB is further appended with a separate CRC before encoding. This additional CRC can enable early decoder termination at the receiver side. It should be apparent that the existence of this CB-level CRC could also enable finer granularity to the HARQ-ACK feedback. Such a feedback scheme has the potential for significantly improved radio resource utilization when channel/interference conditions are such that a small fraction of the constituent CBs in a TB fail at the decoder stage. However, CB-level HARQ-ACK was not adopted in LTE partly due to the feedback overhead penalty for DL data transmission. A second look at this feature may be worthwhile for NR if larger TB sizes are supported or if a DL eMBB data transmission can be punctured at CB granularity to transmit higher priority URRLC data. Other mechanisms utilizing multiple bits per TB include decoder state information and outer erasure coding. We describe these mechanisms and discuss several design issues that need to be taken into account. 
CB-group based retransmission
To minimize the UCI overhead associated with CB-level feedback, the constituent CBs of a TB may be partitioned into groups based on the available HARQ-ACK feedback bits. Given N constituent CBs in one TB and M available feedback bits, a simple solution is to partition the CBs into M groups with one feedback bit per CB group. Using LTE Rel-13 as an example, the maximum TB size is 97896 bits. For a maximum encoder input of 6144, this translates to 16 CBs and for M = 4, each CB group consists of 4 CBs. The elementary case of M = 1 is the baseline single bit per TB HARQ-ACK feedback mechanism. 
There are some design aspects of this scheme that warrant further investigation:
1) MAC impact: Upon receiving the HARQ-ACK feedback, the gNB could re-transmit only the unsuccessful CBs. This is the simplest solution that does not impact the MAC layer but may lead to an under-utilization of the radio resources depending on the number of users being served. Alternatively, the gNB may multiplex unsuccessful CBs of a current TB with a new TB e.g. to maximize the peak data rate achievable by a single UE. This multiplexing scheme would be problematic in terms of HARQ process management. First, the HARQ buffer would have to be dimensioned to support the case of more than one TB in a HARQ process (not considering spatial multiplexing). Secondly, although the effective BLER significantly reduces after a retransmission, there is still a non-zero block error probability for the first TB. In this case, the HARQ entity has to concurrently manage two different TBs on the same HARQ process, which taken to the extreme is somewhat equivalent to doubling the number of HARQ processes. Therefore, if this is considered a possible solution, RAN2 input should be sought on the higher layer impact. 
2) Uplink control channel performance: in LTE, the NACKDTX event for DL HARQ was not an issue because it led to the same eNB behavior, namely a retransmission of the TB. For CB-based feedback, when the gNB decides a DTX event, the gNB does not know whether the UE did not receive the DL assignment or whether it was a NACKDTX error on the feedback channel. If the gNB retransmits the entire TB while the UE is expecting a partial retransmission, this may lead to buffer corruption and decoding failure when the UE performs HARQ combination of the previous and current transmissions. Therefore, further study is needed on the uplink control channel design to handle this case.
It was shown in [2] that the improvement in the UPT due to partial retransmission depends on the traffic load, with appreciable performance gain only observed at medium to high resource utilization. We note that further performance evaluations are required to quantify the performance difference between retransmitting only failed CBs and multiplexing failed CBs with a new TB in the same HARQ process.

Proposal: If CB-based feedback is to be supported in Rel-15, a simple solution is recommended, namely, a retransmission of a HARQ process should only contain the code blocks indicated in the associated feedback message. 

Other multi-bit HARQ-ACK mechanisms
Decoder state information feedback
In LTE a circular buffer is used to determine the combination of systematic and parity bits selected for a particular redundancy version. The actual rate matched bits are then determined from the number of channel bits according to the physical resource allocation. It was proposed in [3] that the UE could provide some additional information to assist the gNB in determining the optimal number of coded bits for a HARQ transmission. This assistance information could be a metric indicating how close the decoder was to successfully decoding the TB. 
Some remarks on this scheme include:
· The feedback states would include ACK, and multiple NACK states indicating several decoder states. Therefore, at least 2 bits per TB would be required. 
· As the quality of the feedback information depends on how the metric is implemented at the UE, this scheme would require further investigation that is not feasible during the NR study item phase.

CB-level outer erasure code
It was proposed in [4] to apply an outer code – such as Reed-Solomon – to the CBs of a TB, generating a parity check CB in the process. The parity check CB can be used to detect and correct for a few CB erasures depending on the error correcting capability of the outer erasure code. The parity CB can be transmitted with the other CBs resulting in an overhead penalty regardless of whether the CBs are successful or not. Alternatively, the parity CB is generated but not sent in the initial transmission. Depending on the number of failed CBs, the receiver may then request in a feedback message a transmission of the parity CB(s). 
Note that even though the selected outer erasure code is a well known scheme, it still introduces additional complexity at both UE and gNB in addition to the actual multi-bit feedback mechanism. 

Observation: a comprehensive study of multi-bit HARQ-ACK feedback based on either decoder state information or outer erasure code is not feasible within the NR study item timeline.

Conclusion
This contribution studied several proposals for multiple HARQ-ACK feedback bits per TB. In summary our views are:
· Observation: It was observed that feedback schemes based on decoder state information or outer erasure coding are unlikely to be mature within the NR SI timeline. 
· Proposal: If CB-based feedback is to be supported in Rel-15, a simple solution is recommended, namely, a retransmission of a HARQ process should only contain the code blocks indicated in the associated feedback message. 
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