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1
Introduction

“NR to support non-terrestrial network (NTN)” was approved to be a new study item for the future NR releases in RAN #86 (December, 2019) [1]. And the new working item description has been updated in RAN #88e (June, 2020) [2]. In this contribution, several issues related to HARQ enhancement are discussed. The following agreement was made in the previous meetings [3]-[5]. 
	Agreements: (made in RAN1 #97)[3]
Network disabling of HARQ via RRC configuration should be supported. 

· FFS: Dynamic disabling of HARQ by gNB.

Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed

· At least the following aspects should be considered if the number of HARQ processes is > 16:

· DCI size

· HARQ soft buffer size
Conclusion: (made in RAN1 #98)[4]
RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following

· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis
Agreements: (made in RAN1 #102e) [5]
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling

The extension of maximal HARQ process number can be considered with following assumptions:

· The maximal supported HARQ process number is up to 32.

· FFS: Support on the maximal HARQ process number is up to UE capability

· Minimizing the impacts on specification and scheduling
Agreements: (made in RAN1 #103e)[6]
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

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

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
Agreement: (made in RAN1 #104e)[7]
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.

· Working assumption: X = T_proc,1

· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0

· Note: The TB of the two PDSCHs can be either same or different

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


This contribution aims to share our opinions on enhancements on HARQ for NTN. 
2
Discussion
Enhanced HARQ process ID indication
During RAN1 #102e meeting [5], the maximal supported HARQ process number is up to 32. And during RAN1 #103e meeting [6], the following three options for enhanced HARQ process ID indication are supported for DCI 0-2/1-2 and DCI 0-1/1-1: Slot index as the MSB/LSB (Option 1/1a), reusing one bit from other bit field (Option 2), and extending the HARQ process ID field up to 5 bits (Option 3).  If the maximum number of HARQ processes is not increased, the user throughput may be degraded due to the transmission restriction caused by lack of HARQ processes number.  In our point of view, increasing the maximum number of HARQ processes is beneficial for large RTT scenario.  Therefore, extending the HARQ process ID field up to 5 bits can be supported for non-fallback DCI (e.g., DCI 0-2/1-2 and DCI 0-1/1-1) 
Proposal 1:
· For enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1, extending the HARQ process ID field up to 5 bits (option 3) can be supported

HARQ codebook enhancement

During RAN1 #103e meeting [6], the following three options are supported for Type-1 HARQ codebook: no enhancement (Option 1); reporting NACK on disabled process (Option 2), and reducing codebook size with criteria (Option 3).  The type-2 codebook size is semi-static configured which is not intended to reduce its size; therefore, Option 3 should not be considered.  For those HARQ processes disabling ACK/NACK feedback, reporting NACK on the disabled HARQ process (Option 2) can be considered.  However, reporting the corresponding ACK/NACK feedback on the disabled HARQ process (no enhancement, Option 1) is beneficial for understanding the decoding status of the disabled HARQ process.  In our point of view, both option 1 (no enhancement) and option 2 (reporting NACK on disabled process) can be considered.
Proposal 2:
· For Type-1 HARQ codebook, both option 1 (no enhancement) and option 2 (reporting NACK on disabled process) can be considered.

Restriction on HARQ feedback disabling

During RAN1 #102e meeting [5], enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling is agreed.  However, some mechanisms depend on the ACK-NACK feedback (e.g., delivering MAC CE command, and SPS release) in current specification.  During RAN1 #104e meeting [7], two options are proposed in the feature lead summary [8]: UE expects that at least one HARQ process is configured with HARQ feedback (Option 1), and UE expects that MAC CE and SPS release information is scheduled via one HARQ process configured with HARQ feedback (Option 2).  In our point of view, gNB should handle the enabling and disabling of HARQ feedback.  Once the HARQ process comprising the MAC CE command and/or SPS release, gNB can make sure the corresponding HARQ feedback is not disabled. Therefore, we think that option 2 should be supported.
Proposal 3:
· For the transmission of MAC CE and SPS release, UE expects that MAC CE and SPS release information is scheduled via one HARQ process configured with HARQ feedback (Option 2).
3
Conclusions

In this contribution, several issues related to HARQ enhancement for NTN are discussed. We share our point of view and suggestion.  For enhanced HARQ process ID indication, the user throughput may be degraded due to the transmission restriction caused by lack of HARQ processes number if the maximum number of HARQ processes is not increased.  For HARQ codebook enhancement, type-2 codebook size is semi-static configured which is not intended to reduce its size.  For restriction on HARQ feedback disabling, gNB should handle the enabling and disabling of HARQ feedback. Therefore, the following proposals are suggested in this contribution.
Proposals:
Enhanced HARQ process ID indication

· For enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1, extending the HARQ process ID field up to 5 bits (option 3) can be supported

HARQ codebook enhancement

· For Type-1 HARQ codebook, both option 1 (no enhancement) and option 2 (reporting NACK on disabled process) can be considered.

Restriction on HARQ feedback disabling

· For the transmission of MAC CE and SPS release, UE expects that MAC CE and SPS release information is scheduled via one HARQ process configured with HARQ feedback (Option 2).
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