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1 Introduction
A new Study Item (SI) on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting and RAN#83 meeting [2] with the considered scenarios of transparent GEO satellite and transparent/regenerative LEO satellite (moving beam on earth) for pedestrian UEs and on board vehicle UEs in NTN. The objectives of this SI for physical layer are as follows.
· Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
· Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In RAN1#96bis meeting, the summary document on delay-tolerant re-transmission mechanisms in NR-NTN captures the issues to be considered as well as the corresponding proposals from companies [9].
In RAN1#97meeting, there are the following agreements on HARQ for NTN:
· Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.
· Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· [bookmark: _GoBack]HARQ soft buffer size
In this contribution, we shared our further considerations on HARQ supporting non-terrestrial network (NTN) for this SI.
2 HARQ in NTN
2.1 Dynamic HARQ Disabling 
In last meeting, it is agreed that network disabling of HARQ via RRC configuration should be supported, and it is FFS for dynamic disabling of HARQ by gNB. In RAN2 email discussion, there are some companies considering that there seems no clear benefit to support the dynamic enabling/disabling of HARQ and agree it is up to RAN1 to determine whether the dynamical HARQ enabling/disabling is needed or not.
Dynamic HARQ disabling can be done packet-by-packet (i.e. for each MAC PDU) to provide flexibility in scheduling with instantaneous information, also taking into account payload’s QoS requirement on latency, reliability and throughput. For example, HARQ can be disabled when the service has no strict reliability requirement, and enabled when the service needs to be reliable but without strict latency requirement, and other retransmission mechanisms may be used for services with both reliability and latency requirements. If one MAC PDU includes the data from several services (i.e. different logical channel), it is hard to determine the HARQ enabling/disabling through RRC configuration to consider the different QoS of different service.  In addition, the UE buffer size should also be considered when determining the HARQ disabling. If the UE has enough buffer, the HARQ can be enabled. If the UE does not have sufficient buffer to store the HARQ data as the transmitter or the receiver, then the HARQ should be disabled. Moreover, the scheduler should consider the channel condition and the load / resource status to determine whether the target BLER can be achieved when HARQ is disabled, and this information is dynamically changed.
To support dynamic HARQ disabling, one issue to be solved is how to indicate the HARQ disabling. Since there are multiple retransmission schemes besides HARQ enabling and disabling such as blind retransmission with k-repetitions and pre-active retransmission, the dynamic signalling should support the multi-level retransmission schemes with low-bit size as well as with no impact on the DCI. 
Proposal 1: Dynamic HARQ disabling should be supported.  
Proposal 2: Dynamic signaling should support multi-level retransmission schemes with low-bit size as well as no impact on DCI. 
2.2 HARQ Process ID 
Another issue is the maximum number of HARQ processes and reducing the signaling overhead of HARQ process ID. Currently NR supports 16 HARQ processes and 4 bits are used to indicate the HARQ process ID. For the case of regenerate LEO at 600km, the round-trip delay will be 12.88ms, there is stringent requirement for the processing time assuming a 1ms slot duration for 15 kHz reference subcarrier-spacing if 16 HARQ process is supported. If considering the case with larger subcarrier spacing (SCS) or satellite at higher altitude, the round-trip delay will be larger and more HARQ process number is needed which will lead to large number of signaling overhead. Therefore, the HARQ process number can be configured based on many factors, such as the altitude of the satellite, the UE capability, the supported maximum throughput of the UE, disabling of HARQ and enabling of blind retransmission, etc. When the HARQ process number is extended, it is desirable to reduce HARQ process ID signaling overhead. 
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), where N is the configured HARQ process number, and the HARQ process ID is needed to indicate the HARQ process of the transmission. A 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”, where  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 HARQ process number can be extended and configured. Signaling overhead reduction solutions on HARQ process ID should be studied if the HARQ process number is extended.
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 Conclusions
In this contribution, we share our considerations on HARQ supporting NTN with following proposals.
Proposal 1: Dynamic HARQ disabling should be supported.  
Proposal 2: Dynamic signaling should support multi-level retransmission schemes with low-bit size as well as no impact on DCI. 
Proposal 3: The HARQ process number can be extended and configured. Signaling overhead reduction solutions on HARQ process ID should be studied if the HARQ process number is extended.
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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