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1	Introduction

In the previous meeting the following agreements have been made regarding HARQ feedback:
Agreements: (RAN1#AH1, 2017):

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 5G NR, different use cases with different requirements have to be supported. Especially, eMBB and URLLC put different demands on the communication system with respect to latency, reliability and throughput. This requires flexible solutions to provide all the needs to the devices, i.e. the HARQ scheme from LTE, as is, cannot provide such flexibility. Thus, approaches to improve HARQ performance have to be studied.
Large available bandwidths especially above 6 GHz in NR will allow for high data rates. With the code block (CB) length being limited in practice, this will lead to more CBs per transport block (TB). However, with LTE HARQ feedback, the (re-)transmission is performed on the whole TB degrading spectral efficiency even if only one CB is corrupted. Also, the amount of (re-)transmitted redundancy is done in a static manner. This can be a bottleneck for the system throughput. Thus, more flexible HARQ schemes are required to meet the needs of a 5G communication system. 
To allow for a more flexible HARQ feedback it was agreed in the last meeting to downselect the options to utilize HARQ-ACK feedback with more than one bit per TB. In this contribution, we discuss two proposed solutions to enhance HARQ feedback.
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As mentioned previously, the partial transmission of additional redundancy for large TBs is beneficial to reduce the (re-)transmission overhead. As proposed in [1], CB-group based (re-) transmission is a very flexible concept depending on the group size and composition of the groups. This extends from only one group with all the CBs, which is supported as 1 bit per TB, all the way to one CB per group.
The tradeoff of large group sizes with small feedback but partly unnecessary (re-)transmissions, against smaller group sizes with more feedback and less (re-)transmissions, needs to be studied further.

Observation 1: With LTE HARQ feedback, larger TBs with several CBs can degrade the spectral efficiency of the communication system due to partly unnecessary (re-)transmissions.

Proposal 1: Allow for partial (re-)transmission of TBs.

Proposal 2: CB-group based (re-)transmission should be supported.

Observation 2: Performance of CB-group based (re-)transmission depends on group configuration.

Proposal 3: Group sizes and configurations should be further studied.

3	DSI-based HARQ feedback

In [2], an enriched HARQ feedback for NR was proposed. The enriched feedback consists of Decoder State Information (DSI), which represents the final state of the decoder. Enriched feedback can be employed to adapt the size of the HARQ (re-)transmission. Such a feedback can be used to increase spectral efficiency while also decreasing latency since the gNB or UE can adapt better to the needs of the receiver. Unnecessary redundancy is reduced while more redundancy can also be provided if requested by the receiver side.
However, enriched feedback increases the overhead due to HARQ feedback and can degrade the HARQ performance because of mispredicting the amount of required redundancy. Thus, the gain of enriched feedback should be studied in comparison to LTE HARQ as baseline.

Observation 3: Additional DSI feedback can enable adaptive HARQ redundancy matching and increase spectral efficiency while decreasing latency compared to LTE HARQ.

Observation 4: HARQ feedback overhead is increased.
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Proposal 4: DSI-based HARQ feedback should be further studied for 5G NR.

4	Conclusion
In this contribution we discussed two different HARQ feedback schemes with more than 1-bit per TB. We could make following observations:

Observation 1: With LTE HARQ feedback, larger TBs with several CBs can degrade the spectral efficiency of the communication system due to partly unnecessary (re-)transmissions.

Proposal 1: Allow for partial (re-)transmission of TBs.

Proposal 2: CB-group based (re-)transmission should be supported.

Observation 2: Performance of CB-group based (re-)transmission depends on group configuration.

Proposal 3: Group sizes and configurations should be studied.

Observation 3: Additional DSI feedback can enable adaptive HARQ redundancy matching and increase spectral efficiency while decreasing latency compared to LTE HARQ.

Observation 4: HARQ feedback overhead is increased.

Observation 5: DSI feedback can provide gains with respect to latency and spectral efficiency by enabling adaptive-length redundancy matching. However, misinterpretation of DSI feedback can lead to a degraded HARQ performance. 

Proposal 4: DSI-based HARQ feedback should be further studied for 5G NR.
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