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1 Introduction
In RAN1#86 meeting [1], several issues were discussed in NR frame structure, and the following items were agreed which are related with the HARQ procedure:
Agreements:
· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported

· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signaling (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)

· Note: Other means of indicating the timing relationship are not precluded
· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)

· Note: Other means of indicating the timing relationship are not precluded
Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain
Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe

· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signaled
· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning

· Other structure is not precluded
· One possible scheduling unit

· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS

· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
In this contribution, we mainly provide our considerations on NR HARQ procedure.
2 Discussion
In RAN1#85, it was agreed that NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission. 
For DL HARQ operation, dynamic or semi-statically indication of UL HARQ-ACK transmission by DCI is supported. The implicit UL control channel resource allocation as PUCCH format 1/1a/1b defined in LTE is not applicable due to the uncertainty of actual feedback timing;  Hence, dynamic explicit UL control channel resource allocation for UL HARQ-ACK transmission should be supported similar to PUCCH formats 3/4/5 in LTE. To reduce the overhead of uplink control channel, the aggregation of HARQ-ACK bits of multiple HARQ processes can be considered as below:
· Multiple HARQ processes from multiple DL transmission in different mini-slot/slot

· Multiple HARQ processes from multiple transport channels

· Multiple HARQ processes from multiple carriers 
· Support of A/N aggregation in self-contained structure
In addition, NACK-based A/N feedback method can be considered in NR. UE feedbacks only when NACK is produced since about 90% time UE could receive the data successfully in 1st transmission. This can reduce the A/N feedback overhead and UE power consumption. To avoid the misunderstanding between eNB and UE, HARQ process ID should be included in UE feedback information. eNB should perform the DTX detection in each feedback position to detect whether UE has send feedback information or not, solutions can be considered to improve the reliability of the UE feedback information.
Proposal 1: Dynamic explicit UL control channel resource allocation for UL HARQ-ACK transmission should be supported.
Proposal 2: NACK-based A/N feedback method should be considered for DL HARQ operation in NR.
For UL HARQ operation, whether DL control channel (PHICH) for HARQ-ACK is necessary should be considered. Generally, there are two options:
· Option 1: Explicit DL control channel for UL HARQ processes
If explicit DL control channel is used for UL HARQ processes, the format and the resource allocation of DL control channel for HARQ-ACK should be defined. In addition, indication of DL HARQ-ACK timing at DCI should be supported in dynamic TDD structure.
· Option 2: Implicit HARQ-ACK through NDI 
With this option, HARQ-ACK for UL transmission can be expressed by NDI indicated in DCI, e.g., when the NDI is toggled, the scheduled data is new data and when the NDI is not toggled, the scheduled data should be retransmission data. Since asynchronous means the retransmission timing is not fixed corresponding to the initial transmission, the HARQ process ID should be also included in UL DCI.
Compare the above two options, option 1 requires additional   specification work  e in defining the new DL control channel for UL HARQ.  , Hence,  it is not an preferred option. Option 2 reused the current procedure in LTE downlink and less effort in specification work is needed. Hence, implicit HARQ-ACK through NDI is more preferred for UL HARQ operation.
Proposal 3： Implicit HARQ-ACK through NDI is more preferred for UL HARQ operation in NR.
3 Conclusion
In this contribution, we discuss the NR HARQ procedure and the follow proposals are given:
Proposal 1: Dynamic explicit UL control channel resource allocation for UL HARQ-ACK transmission should be supported.
Proposal 2: NACK-based A/N feedback method should be considered for DL HARQ operation in NR.
Proposal 3: Implicit HARQ-ACK through NDI is more preferred for UL HARQ operation in NR.
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