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Introduction
[bookmark: _Hlk510705081]The RAN1 meeting 104-e [1], there are discussions on HARQ for NB-IoT/eMTC over NTN and further study on whether enhancements are needed and the potential benefits and/or drawbacks for HARQ by resuing NR NTN solution as increasing number of HARQ process and disabling HARQ feedback, also the issues found by companies.Agreement:
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT.
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for eMTC.
Agreement:
In relation to HARQ operation in NTN IoT, further study at least 
· The necessity, potential benefits and drawbacks of any other potential HARQ feedback mechanisms
· The necessity, potential benefits and drawbacks of reduced PDCCH monitoring
· The necessity, potential benefits and drawbacks of coverage enhancements
· The necessity, potential benefits and drawbacks of uplink transmission gaps with multiple HARQ processes
· The necessity, potential benefits and drawbacks of maintaining HARQ process continuity in serving cell change 
· The necessity, potential benefits and drawbacks of multiple Transport Blocks scheduling
· The necessity, potential benefits and drawbacks of throughput enhancements
FFS: Whether target throughput in NTN will be the same as target throughput in terrestrial networks
Agreement:
Further study to identify whether HARQ stalling happens at least in the GEO satellite scenario.


While in RAN1 meeting 104b-e, there is already agreement not to recommand increasing number of HARQ process for IoT over NTN.
Agreement:
Increasing the number of HARQ processes for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17.

Then the remaining study item should be disucssed, whether to support HARQ feedback disabling, whether other feedback is helpful or not, and how to combine the repetitions before and after serving cell changing, etc.
In this contribution, we will provide our views, observations and proposals on these issues.
Discussion
HARQ feedback disabling in NR NTN
Considering large RTT for NTN scenario, with limited number of HARQ process and procedure as stop-and-wait, there will be HARQ stalling before HARQ-ACK feedback received. Because of HARQ stalling, throughput and data rate will be impacted for packet transmission in NTN scenarios.
Disabling on HARQ feedback for downlink transmission is one candidate. It has been agreed that “Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling”. In this solution, no feedback for HARQ to confirm whether the packet is received successfully or not, so that latency will be reduced and this can avoid HARQ stalling and impact on throughput. 
· RLC feedback could be used instead to confirm RLC packet is received successfully or not. 
· Blind retransmission or slot aggregation, and some other solutions were discussed for improvement of throughput. 
· There were discussion that whether there should be necessary some HARQ process(s) are not disabled to guarantee transmission that need HARQ-ACK feedback to confirm the correct reception, but it should be up to network implementation from our consideration.
Reusing HARQ solution in NR NTN
Issue or not in IoT NTN
The main problem of HARQ stalling to solve is the impact on throughput, where the solutions to mitigate HARQ stalling in NTN are for this motivation. For IoT NTN, we need to check whether there will be this issue and the difference comparing with NR NTN for scenarios, with requirement on IoT UE experienced data rate, MCL, repetition number, framework of data transmission.
As we discussed in [2], considering small packet but large MCL for LTE NB-IoT/eMTC, large repetition may be requested, where the HARQ feedback will be postponed after all these repetitions. This will reduce the ratio of time for HARQ stalling over time for transmission because of the large RTT in NTN and mitigate the impact of the HARQ stalling.
Observation 1: repetition for IoT UE will mitigate the impact of HARQ stalling because of long propagation delay in NTN scenario.
Enabling/Disabling HARQ feedback in IoT NTN
Another method for HARQ process in NR NTN is disabling of HARQ feedback. 
· The advantage of this solution will be reduced latency before new packet transmission in same HARQ process 
· but the disadvantage or cost is there willl be no confirmation from receiver for the transmission. When no HARQ feedback, the benefit of early termination will also be removed. Additionally, for NB-IoT, as UE may only support 1 HARQ process, it should not be disabled to totally remove all confirmation from receiver. 
When HARQ feedback is disabled, the time for HARQ feedback will be saved, but the time for repetition of data packet is still the same. When considering largest repetition time, number of RU, number of slot in RU defined in LTE, the maximum transmission time could be 0.5 ms * 128 * 10 * 16 = 10240 ms for 15kHz SCS or 2 ms * 128 * 10 * 16 = 40960 ms for 3.75kHz SCS. Thus, if time duration by large repetition may be a main issue in IoT NTN to support the agreed data rate in MCLs, then HARQ feedback disabling may also not well solve the issue for IoT NTN. 
If stalling is to be avoided with one HARQ process without disabling feedback, some other feedback mechanisms should be studied, including their timing. This feedback can include mechanisms from the UE to provide pro-active feedback. Similar to Early Termination, where the network informs the UE that is has received sufficient number of uplink repetitions, the UE may be able to provide such information for downlink transmissions when sufficient number of repetitions are received, or even determine it prior to having received the sufficient number. In the latter case, the UE could estimate the expected number of required remaining repetitions prior to actually receiving them and indicate the number to the network, such that the propagation delay impact is minimized.
Observation 2: The UE may be able to provide early termination indication to the network to indicate when sufficient number of repetitions are received. 
Considering long repetition transmissions for NB-IoT or eMTC, the channel quality information used for link adaptation may be less or much less for IoT UE than for normal UE. Furthermore, if HARQ feedback is disabled for one or some HARQ processes, the base station will have even less information for link adaptation, and thus the base station’s ability to perform link adaptation is reduced. The reason is that link adaptation algorithms take into account the past HARQ ACK/NACK when deciding the MCS for a new transmission. The result then will be that the resource efficiency will be reduced. 
Observation 3: HARQ feedback disabling is impacting link adaptation in some IoT NTN scenarios. 
To mitigate the impact, some substution of HARQ feedback for link adaptation should be utilized, which do not stall the HARQ process but can provide the adaptation of the transmission to the real link status. 
For example, some long term feedback can be considered, e.g. bundling of HARQ ACK/NACK for a certain number of transmissions (even though the individual HARQ feedback is not transmitted to the network, the UE will still know the ACK/NACK status) or assistance related to required number of repetitions. Alternatively, feedback can be triggered if a BLER threshold is exceeded or a certain number of concecutive NACKs are detected. Such approaches will limit the signaling overhead, but still provide some information for the base station to perform link adaptation. The exploration, comparison and evaluation of the candidate feedback can be conducted in normative phase.
Proposal 1: If HARQ feedback disabling is supported, alternative long-term feedback for HARQ, e.g. assistance on requested number of repetition, BLER-based triggering or bundling of feedback, should be considered to maximize the performance of the link.
Continuation of HARQ with serving cell changing
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]For each HARQ process, LTE NB-IoT transmission time will be decided as repetition time * number of RU * number of slot in RU. When considering largest repetition time, number of RU, number of slot in RU defined in LTE, the maximum transmission time could be 0.5 ms * 128 * 10 * 16 = 10240 ms for 15kHz SCS or 2 ms * 128 * 10 * 16 = 40960 ms for 3.75kHz SCS. This time length could be larger than the time before UE need to handover or perform a cell reseletion with high speed satellite, where the coverage of one cell may be 50/7.56=6.61s based on assumption of 50km satellite beam diameter for set 1, or 234/7.56=31s for set 3 with 234km satellite beam diameter, resulting that UE can not complete the repetition before change of cell. Repetition continuation for the HARQ process should be considered and it should be guaranteed that the repetition from coverage of two cells should be able to be combined. Therefore, after a handover (eMTC) or RLF+ cell reselection (NB-IoT) the data transfer could continue instead of restarting. Candidate solution should be supported for IoT over NTN for both uplink and downlink data transfers and related candidate solutions could be evaluated and discussed in detail in normative phase. If such functionality is not supported it will limit the number of repetitions, which the network can schedule in uplink and downlink, and therefore also the coverage, because the link budget depends on the number of repetitions. Furthermore, even if the number of repetitions for example only lead to transmission time, which is half of the coverage time (i.e. 3.3 s for the 50 km cell) this will result in the network only being able to schedule such UEs in the first half of the coverage time. This will limit the spectral efficiency and increase the latency.
Specifically, RAN1 can consider if such continiuation is feasible on the PHY layer in terms of keeping soft bits/repetition data, while solutions on higher layer RLC can also be envisioned.  
Proposal 2: Solution of repetition continuation for HARQ process and combination of repetition from coverage of two cells, especially for LEO with high speed satellite movement, should be added as candidate solition in TR 36.763. With the detail evaluation/discussion on the candidate solution to be discussed in normative phase.
Conclusion
In this contribution, we discussed HARQ for NB-IoT/eMTC over NTN, with our observations and proposals presented as following:
Observation 1: repetition for IoT UE will mitigate the impact of HARQ stalling because of long propagation delay in NTN scenario.
Observation 2: The UE may be able to provide early termination indication to the network to indicate when sufficient number of repetitions are received. 
Observation 3: HARQ feedback disabling is impacting link adaptation in some IoT NTN scenarios. 
Proposal 1: If HARQ feedback disabling is supported, alternative long-term feedback for HARQ, e.g. assistance on requested number of repetition, BLER-based triggering or bundling of feedback, should be considered to maximize the performance of the link.
Proposal 2: Solution of repetition continuation for HARQ process and combination of repetition from coverage of two cells, especially for LEO with high speed satellite movement, should be added as candidate solition in TR 36.763. With the detail evaluation/discussion on the candidate solution to be discussed in normative phase.
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