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1 Introduction
At the RAN1#86bis meeting [1], several issues were discussed for NR HARQ and scheduling procedures. The following details were agreed related to HARQ operation:
Agreements:
· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data

· Further study TTI duration and achievable latency based on at least one retransmission

· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)
· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability
· NR supports operation of more than one DL HARQ processes for a given UE
· NR supports operation of more than one UL HARQ processes for a given UE

· FFS: URLLC case

· NR supports operation of one DL HARQ process for some UEs
· NR supports operation of one UL HARQ process for some UEs

· FFS: Conditions on supporting above 2 bullets

· Note: This does not mean the gNB has to schedule back-to-back

· Note: This does not mean the UE has to support K1=0 and/or K2 = 0

· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

· For slot-based scheduling, NR specification should support the following

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)

· At least asynchronous and adaptive HARQ is supported for eMBB.

· NR supports at least UL transmission of at least single HARQ-ACK bit.

· Consider whether/how to support more than one HARQ-ACK bits per TB.

· Consider whether/how to support single HARQ-ACK bit per multiple TBs, e.g., HARQ-ACK bundling.

In this contribution, we discuss design considerations for the NR HARQ procedure.
2 Discussion
In RAN1#85, it was agreed that NR should support at least asynchronous HARQ in the DL and UL to avoid a fixed timing relationship between initial transmission and re-transmission. 
DL HARQ operation

For DL HARQ operation, at least one of dynamic or semi-static indication is used to determine UL HARQ-ACK timing. 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, a similar design principle of explicit UL control channel resource allocation as in LTE PUCCH formats 3/4/5 may be followed. 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 carriers 
· Support of A/N aggregation in self-contained structure
In addition, it is possible to enhance the resource utilization rate by feedback more than one HARQ-ACK bits per TB. Since when the TB in constituted by multiple code blocks, if there is CRC on each CB like in LTE, the HARQ-ACK per CB allows the gNB to only re-transmit the unsuccessful CBs rather than the entire TB.
Furthermore, NACK-based A/N feedback method can be considered in NR. UE feeds back only when a NACK is generated since about 90% of the time (assuming a target BLER of 10%) a UE successfully receives data at the first transmission. This can reduce the A/N feedback overhead which also reduces UE power consumption. To avoid a misunderstanding between gNB and UE, the HARQ process ID should be included in UE feedback information. The gNB should perform the DTX detection for each feedback occasion to detect whether a UE has sent feedback information or not. 
Proposal 1: Dynamic explicit UL control channel resource allocation for UL HARQ-ACK transmission should be supported.

Proposal 2: Both aggregation of HARQ-ACK bits of multiple HARQ processes and feedback of more than one HARQ-ACK bits per TB should be considered for DL HARQ operation in NR.
Proposal 3: NACK-based A/N feedback method should be considered for DL HARQ operation in NR.
UL HARQ operation
For UL HARQ operation it was agreed that at least whether DL control channel 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 in defining the new DL control channel for UL HARQ. Hence, it is not a 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 4： Implicit HARQ-ACK through NDI is preferable for UL HARQ operation in NR.
HARQ-ACK processing time
The DL HARQ processing time is correlated with many factors, such as the slot length, TA, DL grant detection time, TBS size, PRB number, rank, DL data coding method and so on. In LTE, the minimum processing time for a 1ms subframe is 3 subframes, which means the DL data transmission in subframe n and corresponding HARQ-ACK is transmitted in subframe n+4. In NR, UEs will have a stronger capability, and the processing time should be less or at least equal to LTE. In case the slot length is 1ms and similar maximum TBS as LTE is used in NR, K1 can be larger than or equal to 4 as a start for all UEs. For URLLC UEs, the latency requirement is critical and self-contained structure can be considered, then K1 can equal to zero for such UEs.

Proposal 5:  DL data reception in slot N and corresponding acknowledgment in slot N+K1
· As a starting point all UEs should support K1≥4
· URLLC UEs support K1=0
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: Both aggregation of HARQ-ACK bits of multiple HARQ processes and feedback more than one HARQ-ACK bits per TB should be considered for DL HARQ operation in NR.
Proposal 3: NACK-based A/N feedback method should be considered for DL HARQ operation in NR.
Proposal 4: Implicit HARQ-ACK through NDI is preferable for UL HARQ operation in NR.
Proposal 5:  DL data reception in slot N and corresponding acknowledgment in slot N+K1
· As a starting point all UEs should support K1≥4
· URLLC UEs support K1=0
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