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1. Introduction
At the 3GPP TSG RAN meeting #86 the new work item (WI) on solutions for NR to support non-terrestrial networks (NTN) was approved in [1]. WI aims to specify the enhancements identified for NR NTN especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
According to the 3GPP TR 38.821 [2] there are some issues to support NTN with 5G NR due to long propagation delays, large Doppler effects, and moving cells. Multiple features of NR specification should be enhanced to support NTN including HARQ. During the study item phase two main aspects for HARQ were discussed: disabling of HARQ for NR NTN and increased number of HARQ processes [2]. In this contribution HARQ enhancements for NR to support NTN are discussed including HARQ disabling and increased number of parallel HARQ processes.
2. Discussion
2.1. Disabling of HARQ
Due to large propagation delay observed in NTN it is challenging to support HARQ feedback and HARQ retransmission since large number of parallel HARQ processes is required. For example, 600 parallel HARQ processes are required in GEO scenario with 15 kHz subcarrier spacing according to [3]. In terrestrial networks transmission with >10% target BLER is used in conjunction with HARQ operation to support robust transmission with high spectral efficiency. In NTN this approach might not be possible for some scenarios (e.g. GEO and MEO) due to unacceptable latency introduced by multiple HARQ retransmissions. Thus, HARQ operation is not needed for some NTN deployments and can be disabled. 
HARQ operation is well integrated to the NR specification, some NR features rely on the HARQ feedback. For example, timing of MAC CE action is based on the time instance of the HARQ-ACK transmission for the received PDSCH with MAC CE. Thus, the assumption for the NR operation are aligned at the UE and the gNB with low probability of misalignment. Therefore, it is necessary to maintain the HARQ feedback functionality for some transmissions. It can be achieved by enabling the HARQ feedback for a subset of HARQ processes, where the subset of HARQ processes is configured by RRC. 
Even though the HARQ feedback is disabled for a HARQ process, it is still possible that gNB provides/requests retransmission of the transport block (TB) corresponding to that HARQ process in order to increase the probability of successful reception for this TB. Such operation is supported in the current NR specification with enabled HARQ feedback and, in our view, should be supported for NTN with enabled or disabled HARQ feedback. Since there is no HARQ feedback supported for PUSCH transmission, no changes to HARQ operation for UL is required for NTN.
Proposal 1:
· Enabling / disabling of HARQ feedback for DL transmission should be configurable per HARQ process
· UE may expect reception of retransmission for HARQ process with enabled or disabled HARQ feedback
2.2. Increased number of HARQ processes
For NTN deployments with LEO satellite constellations HARQ feedback and HARQ retransmission with larger number of HARQ processes to cover RTT is feasible to implement, the latency for operation with multiple HARQ retransmissions and HARQ feedback is acceptable for LEO. Hence, increased number of HARQ processes can be considered in order to enable HARQ operation for all transmissions in LEO deployments. Enabling of HARQ operation for all transmissions may have several advantages. Higher target BLER (>10%) can be used in conjunction with HARQ to improve spectral efficiency. In case of dynamic interference due to traffic with low packet sizes HARQ retransmissions may help to successfully receive TB with MCS mismatch due to additional interference source enabled. In case interference source is tuned off, the actual BLER corresponding to the SINR for the TB is lower comparing to >10% target BLER which leads to successful reception of the TB with higher TBS comparing to the case where lower target BLER is used. 
There are some negative aspects related to support for increased number of parallel HARQ processes including larger number of bits for HARQ process ID indication in DCI and increased soft buffer size. There are some solutions proposed in [2] which allow to increase the number of HARQ without increased number of DCI bits. For example, HARQ process ID may be determined based on the index of the slot where the corresponding TB is transmitted. According to [3] 50, 100, 200, 400 HARQ processes are required in order to cover the RTT for LEO NTN deployments with 15, 30, 60, 120 kHz subcarrier spacing respectively. It may be challenging to support soft buffer size for such large number of HARQ processes. Therefore, additional constraints on maximum TBS or maximum total TBS across all parallel HARQ processes with enabled HARQ operation should be discussed for increased number of HARQ processes. 
Proposal 2: 
· If more than 16 parallel HARQ processes are supported for NTN, 
· HARQ process ID is determined based on DCI indication and slot index of the corresponding transmission
· 4 bits are used for HARQ process ID indication in DCI
· Additional constraints on maximum TBS for a HARQ process or maximum total TBS across all parallel HARQ processes are discussed
3. Conclusion
In this contribution aspects related to HARQ operation were discussed. The following proposals are made.
Proposal 1:
· Enabling / disabling of HARQ feedback for DL transmission should be configurable per HARQ process
· UE may expect reception of retransmission for HARQ process with enabled or disabled HARQ feedback
Proposal 2: 
· If more than 16 parallel HARQ processes are supported for NTN, 
· HARQ process ID is determined based on DCI indication and slot index of the corresponding transmission
· 4 bits are used for HARQ process ID indication in DCI
· Additional constraints on maximum TBS for a HARQ process or maximum total TBS across all parallel HARQ processes are discussed
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