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Based on the discussion in study item phase [1], HARQ enhancements are related to two aspects:
●	Disabling of HARQ in NR NTN
●	HARQ optimization in NR-NTN
HARQ Round Trip Time in NTN is much longer than that in terrestrial networks, which requires new solution to address the balance between throughput and memory. Though there is no convergence on how to  enable the HARQ enhancement in SI phase, potential benefits and solutions were clearly identified. In this contribution, we further analyze technical issues and propose some solutions in HARQ enhancement in NTN.
Discussion 
0. Configure HARQ enabling or disabling
From RAN2 agreeements in SI stage, per UE disabling and per HARQ process disabling is supported. However, if HARQ feedback is totally disabled for one UE, the MAC signalling reliability will be challenaged. For example, if UE doesn’t detect one MAC packet carrying signalling information and will not send acknowledgement to gNB, then the gNB will wait for long time and take next steps, obviously, it is not tolerable. Therefore, totally disabling the HARQ feedback should be avoided, and at least one HARQ process with feedback needs to be configured. 
Proposal 1: Keep at least one HARQ process with feedback if UE specific disabling is configured.	
In terms of HARQ disabling configuration, there are two options, dynamic and semi-static. The benefit of dynamic configuration is to allow network to adapt the UE buffer status and channel condition. When to disable HARQ disabling is up to gNB implementation. The RAN2#107 agreements allow dynamical enabling or disabling of HARQ with high layer configuration. 
Following RAN2 assumption, gNB can configure two HARQ process ID subsets, one is related to enabling HARQ feedback, and other is disabled subset. Based on HARQ ID differentiation, UE can determine one HARQ ID is enabled or disabled. Since DCI carries the HARQ ID with per TTI basis, dynamic HARQ disabling is supported. The method is more simple than RAN1 initated solution, in which some DCI changes are unaviodable. Hence, we think HARQ ID based disabling solution is more feasible, with minimal specification impact.
Proposal 2: Using HARQ process ID subset to differentiate HARQ feedback should be supported, no need DCI change for HARQ disabling.

0. HARQ process number extension  
In NTN scenario, due to longer propagation delay, HARQ process indexing will be extended if each PDSCH or PUSCH should have unique HARQ process ID. 
Regarding the performance gain of allowing more HARQ processes, we need to consider two aspects. In the first one, if MAC layer re-transmission is forbidded, then RLC layer restransmission will be needed. It will introduce additional laterncy compared to MAC layer transmission. Secondly, BLER target will determine the re-transmission probabality, so if gNB can’t predict which packet transmission will be failed under one normal BLER target setting, more HARQ processes have to be reserved. Hence, it is expected to extend the HARQ process number to allow certain re-transmission occurance.
Furthermore, UE capability can be considered to set one limitation for potential impacts to UE memory when more HARQ process number configuration is allowed. From specificaiton perspective, it should allow different UE implementation. Additionally, because satellite transmission is only involving single layer in most of cases, 32 HARQ processes can be supported without any pressure to UE implementation.  
Proposal 3:  Support more than 16 process IDs depending on UE capability. 
Since HARQ process mumber is related to UE capability, then it is nature to keep 16 process before capability reporting. For example, in the initial access stage, UE is only allowed to configure at most 16 HARQ process. Similarly, in RRC reconfiguration phase, HARQ process number is ambiguous, then as one fallback, HARQ process number less than 16 should be configured.  

Proposal 4: Keep 16 HARQ process number at most in fallback case.  
If HARQ process number can be increased, there is one remaining issue needed to consider, how to configure HARQ ID more than 16 in the DCI. There are two possible solutions to address this issue, one is re-interpreting the DCI fields, and another is using implicit signalling. For re-interpreting the DCI field, we notice second data block indication can be re-interpreted since NTN may only require one stream transmission. Additonal RRC signalling can be used to re-interprete DCI for assistance. For implicit signalling, some companies proposed using slot index to extend HARQ indication. However, if using implicit signalling, there will impose some restrictions for HARQ process scheduling. For example, even slot index is used to indicate additional bit 1, and odd slot index is associated with additional bit 0. Then for different slots, only specific HARQ index can be used.

Proposal 5: Re-interpreting DCI field to indicate the HARQ index in case of more than 16 HARQ processes configured.

0. Transmission enhancement for HARQ disabling   
When a HARQ process is disabled, in order to improve the reliability, several ways can be used to reduce the re-transmission possibility. In [2], a few of solutions were summarized. For setting a lower BLER target, it is one simpler way to improve the transmission reliability. It is noted that in Rel-15 when URLLC 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. For the time gap between two repeated transmissions, RRC signalling can be used to indicate it.

[image: ]
                     Figure-1 time interleaved slot aggreation transmission.

Proposal 6: Support time interleaved slot aggregation to improve transmission reliability. 
[bookmark: _GoBack]Considering the rain and cloud attenuation in NTN channel, UE will suffer from very low SINR. It is better to provide more robustness in specification defining. Then one simple way is to increase repeated transmission times. More specifically, it should allow to configure larger slot-aggregation factor. So far, NR only defines 8 repetitions at most, so it is expected to support more 8 repetitions, e.g 16 or 32. Thus, only one RRC parameter is changed, no additional specification impact.  
Proposal 7: Support more than 8 repetitions in slot-aggreation transmission.

Conclusion
In this contribution, we analzyed potential issues of HARQ impact due to longer propogation delay in NTN, and proposed a set of solution to enhance HARQ operation. 
Proposal 1:  Keep at least one HARQ process with feedback if UE specific disabling is configured.	
Proposal 2:  Using HARQ process ID subset to differentiate HARQ feedback should be supported, no need DCI change for HARQ disabling.
Proposal 3:  Support more than 16 process IDs depending on UE capability. 
Proposal 4: Keep 16 HARQ process number at most in fallback case. 
Proposal 5:  Re-interpreting DCI field to indicate the HARQ index in case of more than 16 HARQ processes configured.
Proposal 6: Support time interleaved slot aggregation to improve transmission reliability. 
Proposal 7: Support more than 8 repetitions in slot-aggreation transmission.
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