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Introduction
In RAN meeting #82, the study item on non-terrestrial Networks (NTN) was updated priority of study [1]. Specifically:
· The focus of the Rel-16 study will be on pedestrian and on board vehicle usage-scenarios.
· The scope of the release 16 study item will be limited to key issues and solutions associated with transparent GEO satellite and LEO based non-terrestrial access network (moving beam on earth).

On physical layer, three identified objectives are [1]:
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

In this contribution, we discuss retransmission mechanisms for NTN. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Use of HARQ
In NTN, the round-trip delay can be about 600 ms for GEO satellites to a few tens of millisecond for LEO satellites. For GEO satellites retransmissions may not be preferred due to its very large round-trip delay (RTD), whereas for LEO satellites, HARQ can still be used with some limit on the number of retransmissions to ensure latency within a certain limit.  In addition, the use of HARQ also depends on the type of services: for LEO satellites, it may be possible to have HARQ for regular data traffics such as web browsing; it is not sensible to have HARQ for most of the streaming services. From the above, we have the following proposals:
Proposal 1: For NTN, support cell-specific configuration of HARQ on and off.
Proposal 2: For NTN, support configuration of HARQ on and off for configured grants.
In addition, for LEO and MEO satellites it may be necessary to turn the HARQ on and off dynamically due to UE’s buffer capability or limit of number of HARQ processes being reached.
Proposal 3: For NTN, support dynamic HARQ on and off.
One easy solution of dynamic HARQ on and off is to reserve one HARQ ID to indicate no HARQ for the transmission.

Number of HARQ Processes
In order to support high data rates, the number of HARQ processes must be larger than the number of slots in a time duration as long as the RTD. Assuming 32 ms RTD and 120 kHz subcarrier spacing (SCS), the number of HARQ processes needed to be 256. This may require a huge buffer at the UE side. As a result, UE capability on the number of HARQ processes needs to be reported.
Proposal 4: For NTN, UE reports the capability on the number of HARQ processes.
Based on UE’s capability, network may configure a smaller number of HARQ processes to be supported by the UE.  The maximal number of HARQ processes configured to a UE can be larger than 16.
Proposal 5: For NTN, more than 16 HARQ processes can be configured.
It is not desirable to further increase the number of HARQ bits in DCI. This can be supported by SFN dependent HARQ ID, that is the actual HARQ ID is a function of the slot number and the ID filed in DCI. For instance, 32 HARQ processes can be supported with the first 16 slots limited for HARQ processes 0 to 15 and the second 16 slots for HARQ processes 16 to 31. 
Proposal 6: For NTN, support slot number based HARQ process identification. 
CQI 
To support flexible HARQ on and off and limited number of retransmissions, enhancements on CQI are needed. Details of CQI enhancements are discussed in a companion paper [2]. 

Conclusions
In this contribution, we have discussed enhancements on HARQ for large delays in NTN and have the following proposals:
Proposal 1: For NTN, support cell-specific configuration of HARQ on and off.
Proposal 2: For NTN, support configuration of HARQ on and off for configured grants.
Proposal 3: For NTN, support dynamic HARQ on and off.
Proposal 4: For NTN, UE reports the capability on the number of HARQ processes.
Proposal 5: For NTN, more than 16 HARQ processes can be configured.
Proposal 6: For NTN, support slot number based HARQ process identification. 
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