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1 Introduction
Unlike the territorial network, in non-Territorial network, very long propagation delay and wide geographical coverage of beams are observed which has significant impacts on HARQ. With increasing round trip delay, the UEs will need to maintain the HARQ buffers for a much longer time, thereby in order for more data rate throughput, it is motivated to increase the number of HARQ processes. 
During RAN2#106 meeting, the impact on HARQ was discussed and the following agreements [2] were made:


Agreements 
1	If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  
2	Even if HARQ feedback is disabled, the HARQ processes are still configured. 
4: Enabling / disabling of HARQ feedback is a network decision. 

In addition, in RAN2#106 meeting, we issued an email discussion to address more 
In this contribution we discuss the implications of enabling and disabling HARQ in NTN.

2 Discussion
2.1 HARQ process number enhancement
HARQ is used in LTE/NR to improve reliability by lower layer re-transmission. Using soft-combining gains with retransmissions from the lower layer it is efficient in improving integrity of signalling and data packets. Upon reception of ACK/NACK, the transmitter knows whether the packet is received by the receiver or not, so as to issue a re-transmission. However, introducing HARQ operations in NTN will encounter high transmission delay, by which it will require the transmitter to maintain HARQ buffer for quite long time. So in order to implement the relative bit rate, the transmitter may need to maintain more simultaneous HARQ processes, so it is motivated to which can be an additional overhead to the transmitter.
Proposal 1: it is proposed to increase the maximum number of simultaneous HARQ processes in NTN system. 

2.2 HARQ feedback granularity
In the previous meeting, we agreed that HARQ feedback can be turned off/on. Here we need to discuss the granularity of HARQ feedback on/off:
1) Per MAC control:
If the HARQ feedback is enabled / disabled per MAC entity, which means all UE’s services for a single connected UE apply the same HARQ feedback control. 
2) Per HARQ process control.
In this option, the network turns on/off the HARQ feedback per HARQ process basis;
3) Per DCI control:
In this option, the HARQ feedback are enabled / disabled per DL-assignment / UL-grant;
It is obvious that option 3) mandates a new DCI format, which requires RAN1 to be involved. Furthermore, introducing a new DCI format requires a very strong motivation, which is difficult to be leveraged. Regarding option 1), it seems this option brings least spec impact, since a single parameter indicates HARQ feedback switch can configure the UE HARQ feedback enable / disable. But HARQ process is the granularity of a HARQ works, so it is more sensible to configure the HARQ feedback per HARQ process, but it seems we need to add much more new parameters compared to per MAC control, as we need to introduce per HARQ process configuration. So it is up to RAN2 to discuss and decide whether the HARQ feedback control is per MAC entity or per HARQ process. 
Proposal 2: RAN2 is kindly asked to discuss and decide whether the HARQ feedback control is per MAC entity or per HARQ process. 

2.3 configuration of HARQ Feedback
In the previous meeting, we have agreed that HARQ retransmission can be turned off/on, due to the long propagation delay. And this is configured by the network. And furthermore, we confirmed that blind retransmission can improve the system robustness. Since the slot aggregation has already been supported by the legacy NR, we believe that by leveraging slot aggregation, multiple copy of the MAC PDU with different RVs can be transmitted to UE without waiting for the reception of the HARQ feedback. 
Proposal 3: it is proposed that blind retransmission and slot aggregation can be leveraged to improve the NTN transmission reliability.
With legacy Rel_15 scheduled HARQ retransmission, UE only performs HARQ retransmission if the gNB doesn’t successfully receive packets. But with blind retransmission, the UE will retransmit a certain times regardless whether the gNB successfully receives the packets. Therefore it is obvious that blind retransmission consumes much more radio resources than scheduled HARQ retransmission. So RAN2 is kindly asked to discuss how to minimize the radio resource inefficiency caused by blind retransmission.
Observation 1: Blind HARQ retransmission dramatically consumes much more radio resources than scheduled HARQ retransmission.
Proposal 4: RAN2 is kindly asked to discuss how to minimize the radio resource inefficiency caused by blind retransmission.

3 Conclusions
In this contribution, we discuss configuring HARQ in NTN. Although HARQ improves reliability in transmission, maintaining HARQ operations in GEO-NTN, involving high propagation delay, might require maintaining a large number of HARQ processes. Hence, RAN2 should decide on a configurable parameter to selectively enable/disable HARQ. Enabling or disabling of HARQ feedback should be decided depending on the maximum HARQ buffer-size constraints in the UE. If HARQ feedback is disabled, blind retransmission and/or conservative modulation schemes can be used to increase reliability.
Observation 1: Blind HARQ retransmission dramatically consumes much more radio resources than scheduled HARQ retransmission.
Proposal 1: it is proposed to increase the maximum number of simultaneous HARQ processes in NTN system. 
Proposal 2: RAN2 is kindly asked to discuss and decide whether the HARQ feedback control is per MAC entity or per HARQ process. 
Proposal 3: it is proposed that blind retransmission and slot aggregation can be leveraged to improve the NTN transmission reliability.
Proposal 4: RAN2 is kindly asked to discuss how to minimize the radio resource inefficiency caused by blind retransmission.
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