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In the RAN1 #98bis meeting [1], there were no further agreements reached on HAQR operation for NTN. However, there are some fundamental questions to be answered as follows:
1> Whether to allow more than 16 HARQ processes?
2> How to configure HARQ feedback enabling or disabling?
3> How to improve the reliability if disabling the HARQ re-transmission?  
In this contribution, we provide our views on these open issues of HARQ operation. 

Discussion 
HARQ process number extension  
In NTN scenario, due to longer propragation delay, HARQ process indexing will be extended if each PDSCH or PUSCH should have unique HARQ process ID. Though some companies questioned the gain of more than 16 HARQ processes, the rational is clear, more HARQ processes, more robust performance.
At first, in peak transmission case, HARQ process ID will run out of 16 limitation since each slot can be scheduled. Due to possible data packet detection error, 16 HARQ processes are hard to cover the longer RTT to avoid HARQ ID reusing within one NTN RTT. Secondly, higher layer retransmission will cause longer delay if L1 HARQ disabling. L1 retransmission is more desired. Thirdly, the BLER target is hard to adapt to real channel condition in order to fit limited HARQ process number in large RTT. gNB can’t predict which packet needs new HARQ ID or not, so in real application, gNB will have to configure more HARQ process number to avoid HARQ ID repeating. Hence, configuring more than 16 HARQ processes is necessary, otherwise, the throughput and delay will be degraded if limiting HARQ ID number to 16 in longer RTT. If only relying on simulation results, the debating process will be much longer since aligning the simulation assumption is not one easy step.

In addition, when HARQ process number is increased, the memory buffer will suffer from more burdens. So it is reasonable to make the HARQ process number configurable. Also UE can report the HARQ capability in supportable process number. With these flexbilities, configurable more HARQ processes is benefical and feasible.  

Proposal 1:  Support more than 16 process IDs.
Proposal 2:  UE can report the capability of supported maximum HARQ process number, and gNB can configure real HARQ process number depending on needs.

HARQ process disabling configuration  
From RAN2 agreeements, per UE disabling and per HARQ process disabling is supported. However, as discussed in last meeting, if HARQ feedback is totally disabled, the MAC signalling reliability will be challenaged. For example, UE has not detected one MAC packet carrying signalling information and will not conduct feedback to gNB, then the gNB and UE will have some troubles in signalling transmission. One solution is to define a timer, for example, if the timer expired and no expected action from UE, gNB will repeat the MAC packet transmission. However, this solution will definitely cause larger delay. As one compensation, totally disabling the HARQ feedback should be avoided. At least one HARQ process feedback should be configured.     
Regarding per HARQ process disabling configuration, RAN2 and RAN1 may have different solutions. In RAN2, one RRC configured HARQ ID subset can be indicated to UE as disabling set, then UE can assume one HARQ ID belonging to this subset should be associated with no feedback. In RAN1, some DCI information can be changed to inform UE to disable UE HARQ feedback in each DCI scheduling. From the functionality perspective, these two schemes are same, and RAN2 method is more simple, just depending on HARQ ID configuration. Hence, we think RAN2 solution is more feasible.
Proposal 3:  Suggest to keep at least one HARQ process with feedback.
Proposal 4:  Using RRC indicated HARQ ID disabling set to implement the HARQ disbaling, no need DCI change in HARQ disabling.

Transmission enhancement for HARQ disabling   
When a HARQ process is disabled, in order to improve the reliability, several ways can be used. In [2], a few of solutions were summarized. For seeting a lower BLER target, it is one simpler way to improve the transmission reliability. It is noted that in Rel-15 when URLCC feature is enabeld, the lower BLER target is allowed. For slot aggregation, it is also a Rel-15 feature, then it is nature to use it as the baseline to improve the reliability. 
Considering time selectivity of NTN channel, the time interleaved slot aggregation scheme can be considered. The motivation is that NTN system will have residual doppler shift in most of time, so the time interleaved slot aggregation will achieve the diversity gain. One detailed illstration is shown in the figure 1. Two slot-aggrations are assoicated with different HARQ processes, and transmission verison is interlocked. 
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                     Figure-1 time interleaved slot aggreation transmission.

Proposal 5: Support time interleaved slot aggregation to improve transmission reliability. 

Conclusion
In this contribution, we analzyed HARQ impact due to longer propogation delay in NTN, and proposed one simple solution to deactivate HARQ meachansm . 
Proposal 1:  Support more than 16 process IDs.
Proposal 2:  UE can report the capability of supported maximum HARQ process number, and gNB can configure real HARQ process number depending on needs.
Proposal 3:  Suggest to keep at least one HARQ process with feedback.
Proposal 4:  Using RRC indicated HARQ ID disabling set to implement the HARQ disbaling, no need DCI change in HARQ disabling. 
Proposal 5: Support time interleaved slot aggregation to improve transmission reliability. 
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