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1 Introduction
The study item on non-terrestrial Networks (NTN) has indentified the objectives for RAN1 study:

· 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.
In this contribution, we discussed the supporting of NR HARQ in extreme large delay cases of NTN.
2 The need of HARQ for NTN
Compared to typical terrestrial communication system, large RTT are expected between satellite and UE. The range of RTT would be far more than that of normal NR network. The large RTT would results in extreme large number of HARQ process as discussed in section 3. Thus, it is agree to support turning off HARQ.
In case the HARQ is turned off, it was discussed further how to ensure the reliability by higher layer when HARQ is disabled. However, as it is been discussed in previous meeting, the reliability of packet should be considered for several type of services in NTN. One of case is the initial access procedure, the configured information have to be delivered to UE correctly. Another case is some critical information would be needed for others services. 
The HARQ operation for some services may not require peak data rate and then it is needed for NTN. UE should be able to dynamically use HARQ and non-HARQ.
It was concluded in RAN2#107 that:

· It should be possible to enabled / disabled HARQ feedback semi-statically by RRC signalling
The mechanism can be effectively equivalent to dynamic disabling of HARQ by gNB. RRC configuration can inform UE a specific HARQ process ID will need or not need a HARQ-ACK feedback. 
3 Maximum supported number of HARQ process
As it was discussed in last meeting, the number of HARQ process is depending on the exact RTT. Some estimation of RTTs was given as: 16ms for Terrestrial, 50ms for LEO satellite, 180ms for MEO and 600ms for GEO/HEO. Then the corresponding number of HARQ process can be derived. For SCS=15 kHz, 600ms means 600 HARQ process and soft buffer to support full data rate. 

In the agreed system level simulation assumption of scenarios A, the Ka-band with VSAT is the only mandated UE configuration for evaluation. Then, 120 kHz SCS can be used in the configuration. That will results in even higher number of processes. Considering the implementation complexity, UE cannot support full HARQ process number for peak date rate in the extreme case.  
Since the 16 HARQ process can still provide good user throughput in scenarios like LEO satellite, increasing maximum number of process should be well justified. Further, the needed process will be reduced for lower orbit case of LEO. The number for LEO is close to terrestrial scenario. Thus, the Maximum number of HARQ process can be kept as 16 as the starting point.
RAN1 can evaluate the performance gain of introducing larger number of HARQ ID. At least for the non-fallback DCI, it can be considered.
Proposal1: NTN should support fixed 16 HARQ processes in fallback DCI.
4 Supported RTT and range of k1 and k2
In the NTN scenario, RTT vary between the nadir and EOC. The worst case happens in the UE with 10° elevation angle in GEO, which results in 135.286 ms one-way delay. In the 90° elevation angle, the propagation delay is 119.286ms. Then, the difference is estimated as 16ms. 
In the companion contribution [4], it is proposed to consider using a minimal possible timing value. UE can be and indicated dynamically with the additional k to fully adapt the large timing change. The key issue is let gNB predict the UE RTT time and indicate a acceptable timing to UE. The principle is in line with NR original design principle and should be kept. 
This scheme is will results in minimized the HARQ operation delay especially for the LEO system. Thus, we have the same proposal:
Proposal 2: In NTN HARQ, the k1 and k2 should be dynamically indicated by the scheduling DCI based on a common offset value.

The common offset value can be derived by the minimum TA of the network.
Dynamical ranges of k1 and k2 should be extended from Rel-15 configuration to support up to 32ms RTT range of NTN.
5 Scheduling enhancement for NTN
The large RTT of NTN results in shortage of HARQ process. To better support the NTN communication, enhancements can be considered. One scheme can be considered is to support more HARQ process based on the current 4-bit HARQ process ID field. Synchronous HARQ scheme can be considered. This can be enabled for those higher capable UE. If a UE is indicating capability higher than 16 processes, the process id will be jointly decided by process ID and slot number.
Another solution could be PDSCH bundling. A scheduling DCI can schedule a number of slots with different data bits. It is different to PDSCH/PUSCH repetition, since repetition will reduce the effective coding rate and reduce the spectrum efficiency.  To address the issue of inefficient retransmission of bundling case, CBG scheme can be used when the PDSCHs are bundled. For PUSCH, similar enhancement is to be considered.

Proposal3: NTN introduces higher UE capability with more than 16 HARQ processes.  The process ID will be jointly decided by process ID and slot number.

Proposal4: NTN supports PDSCH/PUSCH bundling to maximize schedulable slots.
6 Support of Configured grant
Configured grant have more use case when HARQ have to be disabled. In HARQ operation, the configured grant should be also useful and it can save the scheduling latency from the UL grant to PUSCH transmission. 

Poroposal5: Configured grant should be supported for both HARQ and non-HARQ transmission.
7 Conclusion

In this contribution, we discussed the operation of NR HARQ in NTN under large propagation delay. As summary, we made the following proposals.
Proposal1: NTN should support fixed 16 HARQ processes in fallback DCI.
Proposal 2: In NTN HARQ, the k1 and k2 should be dynamically indicated by the scheduling DCI based on a common offset value.

The common offset value can be derived by the minimum TA of the network.

Dynamical ranges of k1 and k2 should be extended from Rel-15 configuration to support up to 32ms RTT range of NTN.
Proposal3: NTN introduces higher UE capability with more than 16 HARQ processes.  The process ID will be jointly decided by process ID and slot number.

Proposal4: NTN supports PDSCH/PUSCH bundling to fully utilize schedulable slots.

Poroposal5: Configured grant should be supported for both HARQ and non-HARQ transmission.
8 References
[1] RP-181370, Thales,  Study on solutions evaluation for NR to support Non Terrestrial Network, SID, RAN#80, June 2018

[2] TR38.811 “Study on NR to support non-terrestrial networks”
[3] TR 38.821 “Solutions for NR to support non-terrestrial networks”
[4] R1-1910386
“NTN control procedure for physical layer”, OPPO
