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1. Introduction
In RAN plenary meeting #76 a new SI was approved for non-terrestrial networks (NTN) [1].  One of the objectives of this SI is to identify the potential key impact areas on the New Radio (NR) to support NTN [2]. Since the long RTT is a major characteristic in NTN, in this paper, we will give the considerations on the HARQ impact due to the long RTT.
2. Discussion
2.1. HARQ disabling
[bookmark: _Hlk513735820]The number of HARQ processes depends on many factors such as RTT, subframe duration, UE processing time, ACK/NACK transmission time, and gNB processing time etc. In the case of the non-terrestrial systems, the RTT can’t be negligible which is in the order of from tens of milliseconds to hundreds of milliseconds. For example, in the extreme situation for GEO with bent-pipe satellite system, the RTT will be more than 500ms and the required number HARQ processes will be more than 500 with a normal 1ms slot operation. Therefore, RTT is the dominant factor to determine the HARQ process number. On the one hand, the large number of HARQ processes will bring the need for the immense memory requirements in non-terrestrial receiver, moreover, the frequent usage of HARQ would add a lot of jitter to the data link, some packets would experience an additional two-way propagation delay when HARQ retransmission was requested, therefore the HARQ disabling mechanism should be supported. 
Proposal 1: HARQ disabling mechanism should be supported.
There are two kinds of HARQ disabling solutions: Semi-static HARQ disabling and dynamic HARQ disabling. With semi-static HARQ disabling, the HARQ function will be disabled for a period of time. The HARQ can be disabled/enabled considering the QoS requirement of the service, especially if CA is supported in NTN, the HARQ can be disabled/enabled in terms of the carrier/numerology/service. Like NR terrestrial system, there is the mapping between the logical channel (radio bearer/service) and the carrier (with certain numerology) and one logical channel can only be transmitted on the carriers with the mapping numerologies. Therefore based on the QoS requirement of the service, e,g, the reliability and latency as well as the jitter, the HARQ on certain carriers (with certain numerologies) can be disabled based on the mapping.  In this period of disabling, the HARQ related signaling in DCI is not needed. The dynamic HARQ disabling can decide packet-by-packet whether to receive the HARQ-ACK feedback or not which can provide flexible decision in scheduling considering instantaneous information. But with dynamic HARQ disabling, the HARQ related signaling is still needed such as the HARQ Process ID etc. which will need large number of signaling overhead. 
Therefore semi-static HARQ disabling and dynamic HARQ disabling can work together. In some cases, the HARQ can be disabled for a period of time, e.g. the service is without so strict reliably requirement and the power resource is efficient, the HARQ can be disabled with the operation point being improved to guarantee the successful transmission probability of the first transmission, semi-static HARQ disabling can be an efficient complementary solution for dynamic HARQ disabling.  If HARQ is configured, dynamic HARQ disabling can be used, if the semi-static HARQ disabling is configured, the HARQ related signaling is not needed to reduce the signaling overhead.
Proposal 2: Semi-static HARQ disabling and dynamic HARQ disabling can work together to implement the flexible HARQ disabling mechanism as well as reduce the signaling overhead.
2.2. HARQ process number 
For both the cases of dynamic HARQ disabling and HARQ enabling, the HARQ related information is needed and the HARQ process ID is used for HARQ process indication of corresponding PDCCH. The large number of HARQ processes will require the large signaling overhead on HARQ process ID, e.g. if the HARQ process number is 500 for the GEO with bent-pipe satellite system, then 9 bits is needed for signaling HARQ process ID. Therefore the solution to reduce the HARQ process number is necessary. 
[bookmark: _GoBack]The asynchronous HARQ is to support the retransmission can be scheduled at any time slot after N subframes(i.e, after the RTT plus the processing time and transmission time), here N is the configured HARQ process number, therefore the HARQ process ID is needed to indicate the transmission is for which HARQ process. One new parameter of HARQ Virtual Process ID can be introduced to replace the existing HARQ Process ID. The HARQ Virtual Process Number can be different (smaller) than the actual HARQ Process Number to reduce the signaling bits for HARQ process indication. The reduced HARQ Virtual Process Number can be achieved by restricting the timing of asynchronous HARQ transmissions. If the first transmission occurs at T0, then the asynchronous HARQ retransmissions can only occur during the time from “T0+HARQprocessnumber*Tsf” to “T0+HARQprocessnumber*Tsf +HARQ_virtual processnumber*Tsf”, here  Tsf  is the subframe duration. Moreover, the HARQ Virtual Process Number can be configured considering the overhead of HARQ Virtual Process ID and the scheduling flexibility on the retransmission.
Proposal 3: The solution to reduce the HARQ process number should be considered.
Proposal 4: HARQ virtual process Number can be introduced to  reduce the HARQ process number with the restricting the timing of asynchronous HARQ transmissions.
3. Conclusion
In this contribution, we discussed the HARQ impact due to the long RTT in NTN and have the following proposals: 
Proposal 1: HARQ disabling mechanism should be supported.
Proposal 2: Semi-static HARQ disabling and dynamic HARQ disabling can work together to implement the flexible HARQ disabling mechanism as well as reduce the signaling overhead.
Proposal 3: The solution to reduce the HARQ process number should be considered.
Proposal 4: HARQ virtual process Number can be introduced to  reduce the HARQ process number with the restricting the timing of asynchronous HARQ transmissions.
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