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1 Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86. The propagation delays in NTN mobile systems, ranging from several milliseconds to hundreds of milliseconds, are usually much longer than it is in a terrestrial system. Large propagation delay leads to the defects of current HARQ mechanism. Thus a list of topics regarding HARQ enhancements was discussed. In the meeting RAN1 #103, the following agreements are reached. 
· Agreement:
· For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until [X] after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· FFS: value of X and units in which it is defined.
· FFS: Whether TB of the two PDSCHs needs to be different
· 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
· Agreement:
· HARQ codebook enhancement is supported as:
· 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 this contribution, we discuss the HARQ enhancement in NTN. 

Discussion
1.1 Enhanced HARQ process ID indication for DCI 0_0/1_0
In RAN1 #103 the majority seemed to support adding one bit to the HARQ process ID field and having it as the unified solution for all DCI formats. The rationale of HARQ design of NR is flexible. The slot index-based method breaks the scheduling flexibility and thus should not be taken. The opt 3 which adds another bit to the DCI is a straight forward method and have less computation complexity. However, it may introduce changes to the DCI 0_0 and 1_0 as the fallback DCI, if a unified solution is applied for all DCI formats. Re-using one bit in another field of the DCI, for example the RV field, is a possible solution. In this way, all formats of DCI remain the same number of bits, and the reducing of redundancy versions together with the extending of HARQ process numbers result in that the buffer for RV remains the same. In a word, we propose that,
Proposal 1: Enhanced HRAQ process ID indication is supported by either,
Opt 1: Reusing one bit from other bit field as a unified solution for all DCI formats, or
Opt 2: Extending the HARQ process ID field up to 5 bits for other DCI formats while DCI 0_0/1_0 remains the same.

1.2 Type-1 HARQ codebook
For type-1 HARQ codebook, the UE reserved bits for all HARQ processes corresponding to every PDSCH occasions as default. Which means that if only one HARQ process is enable with HARQ feedback, all other bits would be overheads. Therefore, it is beneficial to enhance the codebook. As the tpye-1 codebook is semi-static, the size of it should be configured by gNB through RRC parameters together with the HARQ process enabling/disabling. More specifically, bits corresponding to the feedback for the disabled HARQ processes can be skipped. 
Proposal 2: Type-1 HARQ codebook can be enhanced by reducing the codebook size.

1.3 PUSCH scheduling restriction
For the PUSCH back-to-back scheduling issue, it should be a problem for UE to prepare PUSCH. The UE is expected to decode the DCI and prepare the PUSCH scheduled by it with in the current DL slot, then send it when the timing reaches the scheduling UL slot. Based on the initial proposal in RAN1 #103, the time UE finishes the above process is when UE is available for another PDSCH for the same HARQ process ID. This second PDSCH received in the following slot should start a new processing thread of UE that is independent from the former, regardless of the HARQ process ID. 
Proposal 3: The existing scheduling rule should be kept for PUSCH. 
Conclusion
In this contribution, we further discussed the issue of the HARQ enhancements for NTN, the following proposals are presented: 
Proposal 1: Enhanced HRAQ process ID indication is supported by either,
Opt 1: Reusing one bit from other bit field as a unified solution for all DCI formats, or
Opt 2: Extending the HARQ process ID field up to 5 bits for other DCI formats while DCI 0_0/1_0 remains the same.
Proposal 2: Type-1 HARQ codebook can be enhanced by reducing the codebook size.
Proposal 3: The existing scheduling rule should be kept for PUSCH.
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