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Introduction
The outcome during the study item on “Study on Solutions for NR to Support Non-Terrestrial Networks” was summarized in [3]. The work item of “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN meeting #86 [1] and updated in the past RAN meeting #88e meeting [2]. As addressed in [2], the work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) 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.
The following aspects are listed as potential solutions in NTN to handle the issues caused by long propagation delays, large Doppler effects, and moving cells:
· 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 contribution, we will discuss possible enhancements on HARQ in NTN.
Discussion
If the number of HARQ process ID is kept 16, there would be much inevitable blank transmission time caused by long propagation delays shown in the Fig. 1. The peak data rates would obviously be much impacted. Also the system efficiency would be reduced much. Two options were considered in the SI timeline:
· Option 1: Greater than 16 HARQ process IDs with UL HARQ feedback enabled
· Option 2: Keep 16 HARQ process IDs and rely on RLC ARQ for HARQ processes with UL HARQ feedback disabled via RRC.
Greater than 16 HARQ process IDs with UL HARQ feedback enabled
If greater than 16 HARQ process IDs are supported and UL HARQ feedback enabled, the blank transmission could be filled and corresponding improve the peak data rates and system efficiency. To our opinion, it is unnecessary to fill all of the blank transmission with additional HARQ process ID. Since too many supported HARQ process ID may cause hard indication, larger HARQ buffer size, and etc, it is enough that the supported number of HARQ process is decided by the requirement of peak data rates in NTN. 


Fig. 1  Peak data rate impact caused by blank transmission due to HARQ process number limitation
As for how to support the indication of more than 16 HARQ process, there are two alternatives.
· Alt 1: Keep 4-bit HARQ process ID field in DCI and use other predefined implicit indication.
· Alt 2: Introduce additional bit field in the DCI.
For Alt 1, the scheduling flexibility would somehow be impacted while the DL coverage may be impacted with Alt 2. To our opinion, we should decide the maximum supported number of HARQ process firstly. And then consider whether Alt 1, Alt2, or combination of them should be used.
Proposal 1: Decide the maximum supported number of HARQ process number before discussing the indication method. The supported number of HARQ process number is determined by the requirement of peak data rates in NTN.
HARQ-ACK disable/enable
HARQ-ACK disable was discussed in RAN1 and RAN2 in the SI timeline. In RAN2, it was agreed that enabling/disabling of HARQ feedback should be configurable on per UE and per HARQ process basis via RRC signaling. In RAN1, there was no convergence on the necessity of supporting HARQ-ACK feedback disable/enable dynamically via DCI in new/re-interpreted field. 
Suppose two subset of HARQ process ID configured through RRC signal, one for disabled HARQ processes and the other for enabled HARQ processes, dynamic HARQ-ACK feedback disable/enable has be realized to some extent with dynamic indication of used HARQ process ID in the DCI. Therefore, to our opinion, it is proposed to have the RAN 2 agreements as basic assumption to support HARQ-ACK disable/enable.
Proposal 2: Basic assumption for supporting HARQ-ACK disable/enable is to configure two subsets of HARQ processes for enabled HARQ processes and disabled HARQ processes respectively via RRC signaling. To decide the HARQ-ACK disable/enable state with HARQ process ID indication in the scheduling DCI.
For DL SPS or UL configured grant, there is no bit field for HARQ process ID indication in DCI and the HARQ process ID is calculated by the location of transmission resource in time domain. It is possible that HARQ processes in one DL SPS/UL CG configuration are separated in different preconfigured HARQ process ID subsets. It is strange that in one DL SPS/UL CG configuration some of the transmissions are HARQ-ACK disabled and some of the transmissions are HARQ-ACK enabled. In Rel.16, more than one DL SPS/UL CG is supported to support different kinds of service type. Therefore, it is improper to decide HARQ-ACK disable/enable state of one HARQ process through the configured HARQ process ID subset since one DL SPS/UL CG configuration is usually used for one service type. It is proposed that enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration. 
Proposal 3: Enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration.
For disabled HARQ-ACK, since there is no HARQ-ACK based retransmission, HARQ performance would be degraded. According to [3], slot-aggregation or blind repetitions were considered as possible enhancements which includes:
· Greater than 8 slot-aggregation
· Time-interleaved slot aggregation
· New MCS table
· New UCI feedback for reporting DL transmission disruption and or requesting DL scheduling changes
To our opinion, the solutions with less speciation impacts should be considered firstly. For the solutions with much standardization work, the benefits should be justified.
Proposal 4: For performance improvements for disabled HARQ-ACK, solutions with less speciation impacts should be considered firstly. For the solutions with much standardization work, the benefits should be justified.
Conclusion
In this contribution, we discussed possible enhancements on HARQ in NTN. The following proposals are reached:
Proposal 1: Decide the maximum supported number of HARQ process number before discussing the indication method. The supported number of HARQ process number is determined by the requirement of peak data rates in NTN.
Proposal 2: Basic assumption for supporting HARQ-ACK disable/enable is to configure two subsets of HARQ processes for enabled HARQ processes and disabled HARQ processes respectively via RRC signaling. To decide the HARQ-ACK disable/enable state with HARQ process ID indication in the scheduling DCI.
Proposal 3: Enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration.
Proposal 4: For performance improvements for disabled HARQ-ACK, solutions with less speciation impacts should be considered firstly. For the solutions with much standardization work, the benefits should be justified.
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