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Introduction
In the previous meetings, the following agreement and offline conclusions have been made.
	Agreement in RAN1#98
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
Offline conclusion in RNA1#98-Bis 
· Companies are encouraged to study if at least one HARQ process is configured with UL HARQ feedback enabled is sufficient to allow gNB to determine whether transmission of DL packets has become un-reliable for all the configured HARQ processes.
Offline conclusion in RNA1#98-Bis
· Companies are encouraged to provide analysis and evaluation to determine whether greater than 16 HARQ processes are needed.


The status can be summarised that NTN supports the HARQ processes where the HARQ feedback can be enabled or disabled. If the disabling is configured on a per UE basis, it is FFS whether DL transmission is unreliable. Also, it is FFS on analysis whether to increase HARQ processes.
Discussion
Disabling of HARQ feedback per UE
If HARQ feedback is disabled on a per UE basis, MAC-CE commands may have the following issues:
· no reference timing for UE to apply the MAC-CE commands;
· no RLC ARQ mechanism; its robustness only relies on MAC and PHY layer.
Possible solutions based on the offline discussion may be 
· one or multiple HARQ processes are configured with UL HARQ feedback enabled; 
· the HARQ processes may be configured by higher layers or by reserving certain HARQ process IDs.
Meanwhile, RAN2 should guarantee MAC-CE transmission reliability for UE, e.g., the resource allocation for MAC-CE should consider UL grant with HARQ feedback enabled or disabled.
[bookmark: _Toc24127275]If HARQ feedback is disabled on a per UE basis, at least one HARQ process is configured with UL HARQ feedback enabled. 
[bookmark: _Toc24127276]The HARQ processes with HARQ feedback enabled shall be configured by higher layers or by reserving certain HARQ process IDs.
Support of HARQ processes more than 16
A legacy solution to avoid throughput reduction with HARQ is to increase the number of HARQ processes with respect to RTT. On top of that, we provide more reasons to support more HARQ processes below.
· UE capabilities may support more HARQ
· Due to limited peak throughput in NR-NTN, UE can support more than 16 HARQ processes with soft combining enabled;
· Due to the nature of satellite beams, MIMO transmission may not be feasible in NTN; increasing HARQ processes may have no impacts on the soft buffer size;
· Due to no carrier aggregation being supported in Rel-16 NTN SI, the enlarging of the HARQ process number is affordable by existing UE and BS capability;
· For capability limited UEs, it is up to UE whether to support more than 16 HARQ processes;
· Service requirements in terms of reliability may need more HARQ
· For high-reliability service, the required number of HARQ processes of GEO, MEO and LEO with 1ms slot duration and 15kHz SCS are respectively 600, 180 and 50;
· For UE supporting multiple services simultaneously, including the high-reliability service or not, more than 16 HARQ may be needed;
· Some procedures may still need HARQ 
· Random access procedure
· RRC messages
· MAC CE commands
· Some radio channel conditions may need more HARQ
· With 10 degrees of an elevation angle, the LOS probability has only 28.2% for the dense urban scenario; more HARQ is needed to ensure reliability;
· Rain and cloud attenuation may be significant for frequencies above 6 GHz; more HARQ may be needed;
· Retransmission may need more HARQ
· Even if HARQ feedback is disabled, the HARQ processes are still configured. Limited HARQ process IDs may have limited flexibility for retransmission scheduling.
· Configured grant (CG) and semi-persistent scheduling (SPS) may need more HARQ
· The HARQ-processes ID of CG and SPS are calculated from configured periodicity, starting time in slot number, and configured HARQ process number. Limited HARQ process IDs may have limited scheduling flexibility.
· More HARQ process IDs may be needed to resolve a possible ID conflict between DL SPS and DL dynamic scheduling.
[bookmark: _GoBack]Some companies argued that the motivation of turning off HARQ feedback instead of increasing HARQ is not to increase the cost of NTN UE. However, this may not be an issue for UE supporting NR eMBB service.
[bookmark: _Toc24127277]More than 16 HARQ processes shall be supported for NTN.
Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1	If HARQ feedback is disabled on a per UE basis, at least one HARQ process is configured with UL HARQ feedback enabled.
Proposal 2	The HARQ processes with HARQ feedback enabled shall be configured by higher layers or by reserving certain HARQ process IDs.
Proposal 3	More than 16 HARQ processes shall be supported for NTN.
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