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Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86 and objectives of the work item are as follows [1],

Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode
In this contribution, we discuss the enhancements on HARQ for NTN.
Enhancements on HARQ
1 
2 
2.1 
2.2 
In NR, the number of HARQ processes is at most 16. When a UE transmits data for initial transmission, the UE needs to wait for feedback for longer duration due to the large latency between satellite and the UE. This makes that the contiguous data transmission could be limited for both DL and UL. Therefore, the increase of the number of HARQ processes is needed.
Proposal 1: The number of HARQ processes should be increased.
Some scenarios like receiving a LEO satellite link from a high speed vehicle on a highway makes the relative speed very high in comparison to the blocking obstacles, and the flat fading durations can be in the order of milliseconds. Having a greater number of parallel processed packets in the NTN HARQ would allow more flexibility to accommodate different flat fading durations. We would propose to increase this packet number, as an optional HARQ configuration parameter for the NTN. Also this increase would accommodate MEO satellite links (around 6-8 ms single link propagation delay) to also benefit from these HARQ procedures.
This increased delay to counter block fading would work for delay tolerant applications. A further optimisation to reduce the delay (when the fade duration is shorter than the propagation and processing delays) can be achieved in the form of pre-emptive re-transmission, without waiting for the ACK from the first transmission. The receiver could also reduce the signalling by sending ACK/NACK only after combining the respective two packets in this pre-emptive HARQ mode. While the HARQ cycle time will increase by the number of extra transmissions of the first packet, the overall transmission efficiency increases as all the other packets in the cycle will also include pre-emptive repetitions. By sending 2 or more packets pre-emptively in this manner, the receiver can also combine the packets together and then send the feedback back to the transmitter. As the combined packet is more likely to be the desired result (with ACK feedback), the re-transmission probability after this initial burst for a given packet will be lower. This concept is illustrated in Figure 1 below.


Figure 1: Pre-emptive HARQ transmissions and feedback for 2 packet bursts

For the longer propagation delays, the HARQ process cycle period increases and this gives the option to include more pre-emptive repetitions in the packet bursts. As longer delays also imply lower SNR at the receiver, the repetitions would push the effective SNR higher, mapping it to lower BER values. This would enable the use of higher MCS and would effectively increase the throughput rates. As such, the proposed HARQ mechanism can enable higher transmission efficiency while also pushing up the effective data throughput rates.
The pre-emptive repetition reduces the number of packets that need to be kept in the transmitter buffer than a scheme of traditional HARQ. Also, the signaling overheads are reduced, as the repeated packets can carry the same ID as the original packet. The IDs need to change only when a new packet enters the stream. 
One impact of HARQ disabling could be the simplification of DCI formats. In current DCI formats, several fields are utilized for HARQ operation. If HARQ feedback is disabled, those fields can be set as a default value or utilize 0 bit-width to save the overhead of DCI format.   
Proposal 2: Mechanism to simplify the DCI format should be supported in NTN.
As mentioned above, typical large RTD in NTN demands support for more concurrent HARQ processes compared to the existing 16 processes, such that at least 32 or 64 concurrent HARQ processes should be supported for NTN applications.  However, it is not desirable to increase the number of HARQ bits in DCI from the existing 4 bits.  To support more than 16 HARQ process IDs while keeping the number of HARQ bits in DCI to the existing 4 bits, a slot number based HARQ process ID constructor can be used. For example to support up to 32 HARQ processes, even slots can be used for even Process IDs and odd slots can be used for odd process IDs.  Effectively the actual process ID will be constructed using concatenation of the 4-bit DCI process ID and a 1-bit slot counter as shown in Figure 2.


Figure 2: Bit structure of actual HARQ Process ID with 1-bit slot counter to support 32 processes.

Similarly, to support up to 64 HARQ processes the actual process ID can be constructed using concatenation of the 4-bit DCI process ID and a 2-bit slot counter as shown in Figure 3.


Figure 3: Bit structure of actual HARQ Process ID with 2-bit slot counter to support 64 processes.

This approach provides extra flexibility for scheduling opportunities for different HARQ process IDs, while keeping fair distribution over time for all HARQ process IDs as well.
Proposal 3: To support more than 16 HARQ process IDs a slot number based HARQ process ID constructor should be supported in NTN.
	Considering a common understanding that HARQ feedback can be enabled/disabled per HARQ process per UE in RAN2, one further question is whether to support to disable HARQ feedback for all the HARQ processes. If it is supported, there will be no any HARQ feedback from the UE at gNB side. Thus, gNB may not know whether the transmission parameter is appropriate for the current situation or not. A new UCI feedback for reporting DL transmission disruption and/or requesting DL scheduling changes may be required. If it is not supported, i.e., HARQ feedback is enabled for at least one HARQ process, gNB can use the HARQ feedback to determine if transmission of DL packets has become un-reliable for all the HARQ processes. However, the restriction of at least one HARQ process with enabled HARQ feedback may have impact on the utilization of the new DCI format for HARQ feedback disabling case. As analyzed above, some DCI fields related to HARQ feedback can be removed to reduce DCI payload for HARQ feedback disabling case. Thus, UE will blindly decode the two DCI formats respectively for HARQ feedback enabling/disabling case, or monitor the new DCI format in some restricted PDCCH monitoring occasions. To make a clean direction, whether to support to disable HARQ feedback for all the HARQ processes can be firstly discussed and concluded. 
Proposal 4: Further discuss whether to support to disable HARQ feedback for all the HARQ processes.
In another aspect, a UE is fully aware of the buffer situation in the DL HARQ procedure. If a UE observes the buffer for HARQ operation is full or almost full, it would be beneficial to trigger the HARQ disabling from the UE side, although the final decision of HARQ disabling/enabling is cofigured from the network side. For example, a UE can report HARQ related information in the RRC paramter UEAssistanceInformation to request for HARQ disabling/enabling, and the HARQ related information could be an explicit indication of HARQ disabling/enabling request, or a buffer condition for HARQ operation for gNB to consider disabling/enabling HARQ. For another example, a UE can report HARQ related information in the RRC paramter UEAssistanceInformation to request for adapting the number of HARQ processes, in an explict way by requesting the number or an implicit way by reporting the buffer condition. 
Proposal 5: UE assistance informaiton for HARQ should be studied for NTN.
In certain NTN configurations like the LEO or MEO satellite constellations, the coverage foot-print of the satellite is moving and regular handovers between the adjacent satellites in the constellation will be required. In certain handover instances, the measured and reported (by the UE) signal strengths of the target satellite gNB can be lower than that of the source gNB. As the handover is time constrained, the source satellite gNB will have to make a ‘forced handover’ to the target satellite gNB in this situation. To facilitate the successful handover and continuity of the communications to the UE, the source satellite gNB can indicate to the target satellite gNB and to the UE that HARQ will be enabled from the very beginning after the handover. The source gNB is aware of the signal strengths received by the UE of the target gNB and can make this HARQ enabling decision independently or in collaboration with the target gNB. The HARQ indication to the UE can happen in parallel to the normal 5G-NR handover signaling process. By enabling HARQ before the completion of the handover, the longer signaling delays in NTN can be circumvented and the UE connectivity can continue even with weaker signal to the new serving gNB. 
Proposal 6:  Signalling of the HARQ enabling by the source satellite gNB before the completion of the handover should be studied.
Conclusions 
In this contribution, we discussed the enhancements on HARQ. Our proposals are summarized below.
Proposal 1: The number of HARQ processes should be increased.
Proposal 2: Mechanism to simplify the DCI format should be supported in NTN.
Proposal 3: To support more than 16 HARQ process IDs a slot number based HARQ process ID constructor should be supported in NTN.
Proposal 4: Further discuss whether to support to disable HARQ feedback for all the HARQ processes.
Proposal 5: UE assistance informaiton for HARQ should be studied for NTN.
[bookmark: _GoBack]Proposal 6:  Signalling of the HARQ enabling by the source satellite gNB before the completion of the handover should be studied.
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