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Introduction
In RAN#86, Rel-17 Work Item on Solutions for NR to support non-terrestrial networks was approved with the following RAN1 objectives
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified:
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

In this paper, we discuss our views on enhancements on HARQ.

Enhancement on HARQ process number
In RAN1#103e, the follow agreement on HARQ process ID indication has been achieved [1].
	Agreement:
· Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· Option 1: Slot index as the MSB
· Option 1-a:Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
· FFS: DCI 0-0/1-0
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL



The fundamental NR HARQ design is asynchronous and thus flexible, relaxed from early LTE HARQ design. For Option 1 and Option 1-a, the determination of HARQ process ID will be coupled with the index of slot(s)/SFN(s) carrying the corresponding transmission/scheduling and division of time domain resource. It will bring some restrictions for HARQ process scheduling, which violates the HARQ design principle in NR. 
For Option 2, there is less specification impact since the same field size can be maintained even if the number of HARQ processes is increased to 32. In NTN, some bit fields are useless, which can be re-interpreted for HARQ process ID indication, e.g., DCI indication on second data block. Furthermore, such mechanism is applicable for all DCI formats.
Proposal 1: Reusing one bit from other bit field should be considered for HARQ process ID indication.

Disabling/enabling HARQ feedback
In RAN1#102e [2], it agreed that Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling.
	Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling


[bookmark: _GoBack]In RAN1#104e, it have identified the following options for enhancing the performance of transmission, especially for the scheduling with disabled feedback for corresponding HARQ process
· Blind retransmission
· Larger aggregation/repetition factor
· Additional new UCI feedback
· CQI table with new BLER target
· UE assistance information
Additional new UCI feedback, e.g., to report the decoding statistic or reporting DL transmission disruption and/or requesting DL scheduling changes, will has significant spec impacts and the benefits it brings are also unclear. For enhancing the performance of transmission, solutions with less spec impacts should be considered firstly. In our view, blind retransmission and larger aggregation/repetition factor can be considered.
Proposal 2: Blind retransmission and larger aggregation/repetition factor can be considered for enhancing the performance of transmission.

HARQ codebook enhancement
In RAN1#103e, the follow agreement on HARQ codebook enhancement has been achieved.
	Agreement:
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· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement;
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook



In RAN1#104_e, for Type-2 HARQ codebook in NTN, reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes is agreed [3].
	Agreement:
For Type-2 HARQ codebook in NTN: Reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes


For Type-1 HARQ codebook, since type-1 HARQ-ACK codebook is semi-static, UE does not need to reduce the HARQ-ACK codebook size for HARQ processes with disabled HARQ feedback. Furthermore, due to the potential misdetection of DCI, there is potential ambiguity at gNB side to interpret the feedback. In our view, no enhancement is needed for the Type-1 codebook.
Proposal 3: No enhancement is needed for the Type-1 codebook.

Type-3 HARQ codebook is already supported for licensed spectrum. We first need to clarify the use case Type-3 HARQ codebook in NTN scenario. In our view, if Type-3 HARQ codebook is supported in NTN, reduce codebook size with HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes should be considered.
Proposal 4: Enhancement for Type-3 HARQ codebook should be considered, if it is supported in NTN.

Conclusion
As summary, we have the following proposals.
Proposal 1: Reusing one bit from other bit field should be considered for HARQ process ID indication.
Proposal 2: Blind retransmission and larger aggregation/repetition factor can be considered for enhancing the performance of transmission.
Proposal 3: No enhancement is needed for the Type-1 codebook.
Proposal 4: Enhancement for Type-3 HARQ codebook should be considered, if it is supported in NTN.
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