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1 [bookmark: _Ref178064866]Introduction
In RAN#86, a SI was approved to determine and evaluate the minimum necessary specifications to introduce NB-IoT/eMTC support for non-terrestrial networks (NTN), The description for the SI was updated in RAN#90 [1] and it was agreed to use the existing work on NR NTN captured in TR 38.821 [2] as a baseline. In this contribution we discuss the HARQ operation and timers for IoT NTN. 
2 HARQ operation
[bookmark: _Hlk61217631]The enhancements needed for HARQ operation in NTN have been discussed in detail in Rel-16 NR NTN SI. The issue stems from the large HARQ RTT in NTN scenarios, which ranges from a few milliseconds to hundreds of milliseconds depending on the satellite orbit. Without any modifications to the existing HARQ procedure, the large RTT will considerably reduce the link throughput. To address this issue, different solutions have been proposed for NR NTN including disabling the HARQ feedback and increasing the number of HARQ processes. 

[bookmark: _Toc61566827]The main motivation for introducing enhancements for HARQ operation in NR NTN is to address throughput stalling due to the large HARQ RTT.

For mobile broadband and low latency applications, high throughput is a critical characteristic. Nonetheless, the IoT use cases are typically delay tolerant, requiring small and infrequent data transmissions. Therefore, the rationale considered for enhancing HARQ for NR NTN is not directly applicable to IoT NTN.

[bookmark: _Toc61566828]IoT NTN targets delay tolerant applications with low data rates. The rationale for enhancing the HARQ operation in NR NTN is not applicable to IoT NTN.

Based on the observations above, one can say that no enhancements may be required for HARQ operation in principle for IoT NTN but considering that this is a study item, it would be proper to have a thorough investigation before a conclusion is reached.

[bookmark: _Toc61566829]If delay tolerant, small and infrequent data transmissions continue to be the use case for IoT NTN, HARQ enhancements are not foreseen to be needed.

[bookmark: _Toc61566861]From RAN2 standpoint it would be good if RAN1 analyses the necessity of HARQ enhancements for IoT NTN.

3 Timers
In RAN2#112-e, the following agreements were made related to timers:

- An offset will be used to delay (adjust) the start of ra-ResponseWindow and mac-ContentionResolutionTimer in eMTC/NB-IoT NTN, similar to NR-NTN. Further discussion is needed for the SR-Prohibit timer. Offset estimation process and the offset value are FFS.
- It is assumed that if the start of the ra-ResponseWindow is accurately compensated and no extension of repetition is required, there is no need to extend the ra-ResponseWindowSize for eMTC over NTN, similar to NR-NTN.
-  RAN2 assumes to reuse NR-NTN agreements as baseline for the starting of HARQ-RTT-Timer and UL-HARQ-RTT-Timer in eMTC/NB-IoT NTN.
-  It is FFS if there is any need to extend RLC t-Reordering timer in eMTC/NB-IoT NTN.

In the technical report [2], it is recommended that “offset based solutions for timer adaptations are preferred to support all NTN scenarios.”. The following have been specifically mentioned:
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention.
· If HARQ feedback is enabled, an offset should be added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· Extension of the value range of sr-ProhibitTimer and t-Reassembly.
· Extension of the value range of discardTimer to be discussed during the work item phase.

In RAN2#111-e and RAN2#112-e, the following agreements were made for NR NTN, respectively:
· [bookmark: _Hlk61220408]Modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed in Rel-17 NTN.
· For UE with pre-compensation capability (at least for the HARQ-feedback enabled case. FFS for HARQ-feedback disabled, if supported), drx-HARQ-RTT-TimerDL is offset by UE-specific RTT (UE-gNB delay) in LEO/GEO. FFS if offset is applied to: 1) the start of the timers or 2) the timer value range (i.e. existing values within value range increased by offset)

[bookmark: _Hlk61220150][bookmark: _Hlk61220529]The agreements above (assuming that no modification includes no change to the existing value ranges for the drx timers) are in line with the recommendations in the technical report [2]. The latter agreement has been agreed as the baseline in IoT NTN; it would be good if the former is adopted for IoT NTN.

[bookmark: _Toc61566862]Modification of longDRX-CycleStartOffset, drx-StartOffset, ShortDRX-Cycle, drxShortCycleTimer, onDurationTimer and drx-InactivityTimer is not needed in IoT NTN.

One can also consider the following recommendations in the technical report and adopt those for IoT NTN:
- “A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is not needed to support NTN.”
- “The sr-ProhibitTimer will at latest expire after 128ms [76] and initiate a SR. For GEO systems the value range is not sufficient because the RTT is larger. The sr-ProhibitTimer should be modified to support NTN. Possible Solution => The value range of sr-ProhibitTimer should be extended to support NTN.”
- “Extension of the value range of t-Reassembly.”
- “No modification of the t-PollRetransmit timer and of the t-statusProhibit timer are needed to support NTN.”

[bookmark: _Toc61566863]No modification of drx-RetransmissionTimer and drx-ULRetransmissionTimer is needed in IoT NTN.

[bookmark: _Toc61566864]The value range of sr-ProhibitTimer is extended for IoT NTN.

[bookmark: _Toc61566865]No modification of t-PollRetransmit and t-statusProhibit timers is needed in IoT NTN.

For RLC and PDCP, same changes are required as in NR NTN, e.g., extending the value range of the RLC t-Reordering timer but not changing the RLC SN space, the PDCP discardTimer or the PDCP SN space.

[bookmark: _Toc54313785][bookmark: _Toc61566866]The value range of t-Reordering is extended for IoT NTN. 

4 Conclusion
In this contribution we have discussed the HARQ operation and timers for IoT NTN. In the previous sections we made the following observations: 

Observation 1	The main motivation for introducing enhancements for HARQ operation in NR NTN is to address throughput stalling due to the large HARQ RTT.
Observation 2	IoT NTN targets delay tolerant applications with low data rates. The rationale for enhancing the HARQ operation in NR NTN is not applicable to IoT NTN.
Observation 3	If delay tolerant, small and infrequent data transmissions continue to be the use case for IoT NTN, HARQ enhancements are not foreseen to be needed.

Based on the discussion in the previous sections we propose the following:
Proposal 1	From RAN2 standpoint it would be good if RAN1 analyses the necessity of HARQ enhancements for IoT NTN.
Proposal 2	Modification of longDRX-CycleStartOffset, drx-StartOffset, ShortDRX-Cycle, drxShortCycleTimer, onDurationTimer and drx-InactivityTimer is not needed in IoT NTN.
Proposal 3	No modification of drx-RetransmissionTimer and drx-ULRetransmissionTimer is needed in IoT NTN.
Proposal 4	The value range of sr-ProhibitTimer is extended for IoT NTN.
Proposal 5	No modification of t-PollRetransmit and t-statusProhibit timers is needed in IoT NTN.
Proposal 6	The value range of t-Reordering is extended for IoT NTN.
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