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1 Introduction
Rel-18 enhancements for IoT-NTN Work Item was approved at RAN Plenary #96e [1]. The corresponding work item has identified IoT-NTN Performance Enhancements to address remaining issues from Rel-17 as one key agenda. The work item objective (WID) has mentioned “Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates” [1]. Previous agreements in Rel-17 NR-NTN Work Item has agreed semi-statically disabling/enabling of downlink HARQ using RRC Signalling. 

During RAN2#119, the following agreements have been made:

Agreements:
1. Disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN. FFS on UE capability
2. For UL HARQ operation, introduce two HARQ modes, i.e., HARQ mode A and HARQ mode B in IoT NTN (both NB-IoT and eMTC NTN), similarly to NR NTN
3. From RAN2 perspective, at least for eMTC, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signalling. FFS for NB-IoT (and especially for CP solution for NB-IOT).


In this contribution we discuss UE capability, configuration for NB-IoT and RLC enhancement for IoT NTN disabling HARQ feedback.

2 Discussion
2.1 UE capability
Disabling DL HARQ feedback can help to reduce the data transmission latency. The price is the increment of BLER. Since it’s an optimization with a price, this feature should be optional. There is no difference between eMTC and NB-IoT on this point, so it can be applied to IoT NTN.
Proposal 1: Disabling DL HARQ feedback is optional for IoT NTN.
It has been agreed for IoT NTN that for eMTC, disabling HARQ feedback can be configured per DL HARQ process. There is no technical reason to introduce a separate UE capability for it. It can be implicitly supported by support of DL HARQ feedback.
Proposal 2: For eMTC, configuration of disabling DL HARQ feedback per DL HARQ process is implicitly supported by support of disabling DL HARQ feedback.
For NB-IoT, configuration of disabling DL HARQ feedback per DL HARQ process is FFS. If it is agreed, there is also no technical reason to introduce a separate UE capability for it. It can be implicitly supported by support of disabling DL HARQ feedback and support of two HARQ processes.
Proposal 3: For NB-IoT, if configuration of disabling DL HARQ feedback per DL HARQ process is agreed, it is implicitly supported by support of disabling DL HARQ feedback and support of two HARQ processes.
The HARQ mode A/B for UL HARQ operation is an optimization without any price. It is simple and easy to implement. Therefor it can be a mandatory feature. An IODT bit can be introduced for test purpose. There is no difference between eMTC and NB-IoT on this point, so it can be applied to IoT NTN.
Proposal 4: The HARQ mode A/B for UL HARQ operation is mandatory with a IODT bit for IoT NTN.

2.2 Configuration for NB-IoT
Regarding the configuration of disabling HARQ feedback, RAN1 is down selecting the options for eMTC and NB-IoT respectively as following:
· Option 1: per HARQ process via UE specific RRC signalling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above

While these options are under discussion in RAN1, the solution based on RRC signalling seems quite simple and straight-forward. During RAN2 119-e, some companies expressed their concerns for RRC based HARQ enabling/disabling for NB-IoT CP solutions, as CP solutions do not have RRC Reconfiguration. However, it should be noted that (a) HARQ enabling/disabling will be rarely used for NB-IoT CP solutions (b) Even if it is used, CP solutions can use msg3 for HARQ enabling/disabling. Hence, we suggest RAN2 to go ahead with RRC based HARQ enabling/disabling as the working assumption, while keeping options open for other solutions and considering any outcome from RAN1 agreements.
Proposal 5: As working assumption, RAN2 assumes configuring HARQ feedback enabling/disabling per DL HARQ process at least via UE specific RRC signalling. Other options are not excluded and RAN2 can revisit this depending on RAN1’s agreements.

2.3 Enhancements to Improve Performance with Disabled HARQ 
Due to disabling HARQ feedback, RLC feedback for AM RLC entity become the last chance to guarantee the reliability of data transmission. It is predictable that the chance of RLC retransmission will increase. On the other hand, for IoT NTN, especially for NB-IoT, the RLC polling and STATUS report mechanism is weaker than regular LTE. The conditions to trigger polling, like condition based on unacknowledged RLC PDU number and condition based on unacknowledged byte size, are not applicable to NB-IoT. The rest of the conditions according to 3GPP TS 36.322 are: 1) “if both the transmission buffer and the retransmission buffer become empty (excluding transmitted RLC data PDU awaiting for acknowledgements) after the transmission of the RLC data PDU”, 2) “if no new RLC data PDU can be transmitted after the transmission of the RLC data PDU (e.g. due to window stalling)”. Hence, only when all the data has been transmitted or window stalling(all the unacknowledged RLC PDU has reached the sending window), can the polling be triggered. The chance of triggering polling is rare. The failure reception of RLC PDU will block the delivering data to upper layer. Considering the increasing chance of failure reception of RLC PDU, and the rare chance of polling which requests the peer AM RLC entity to retransmit the data, the chance of blockage will increase. As a result, the data transmission latency will suffer. 
In the downlink transmission, UE can autonomously send STATUS report when the receiving side of AM RLC entity in UE detects a reception failure of an RLC data PDU by the SN gap. For NB-IoT which has no dedicated Physical Uplink Control Channel (PUCCH), UE needs to apply for the uplink grant by the random access procedure to send the UL STATUS report. The cell’s coverage in the NTN scenario is typically larger than in the TN scenario, and probably is not adjustable due to the limit satellite resource, so the number of UE covered by the cell could be much greater than in the TN scenario. The random access preamble resource is more likely to be deficient. Not only are the resources limited, the random access latency is much higher than in the TN scenario. A typical random access procedure takes 4 steps, each step takes 20ms to 90ms for propagation delay in LEO and takes 270ms for GEO, compared to less than 1ms taken in propagation delay in TN scenario. It takes valuable random access preamble resource and large transmission latency to send the status report when detecting a reception failure of an RLC PDU, which can be improved.
Observation 1: For NB-IoT, after disabling HARQ feedback, RLC can be enhanced to improve data transmission latency.
To add more chances to send polling to compensate for the loss of the data transmission latency, and to improve the situation of UE autonomously sending STATUS report (to save the valuable random access preamble resource and reduce the latency of sending STATUS report), we propose to enhance RLC in IoT NTN, especially for polling and STATUS report mechanism. More specifically, we propose to consider the following alternatives schemes for enhancing RLC in IoT NTN:
To improve the transmission latency, a more frequent polling can help.
In the condition of window stalling, polling can be triggered to request peer AM RLC entity to send STATUS report. Shortening the AM RLC window size can trigger polling more easily. It can help to reduce the transmission latency,
Proposal 6: For NB-IoT, AM RLC window size could be shortened.
The condition based on unacknowledged RLC PDU number and condition based on unacknowledged byte size to trigger polling are not applicable to NB-IoT now. To allow more frequent polling, these two conditions can be added to NB-IoT.
Proposal 7: For NB-IoT, add condition based on unacknowledged RLC PDU number and unacknowledged byte size to trigger polling.
To save random access preamble resource and to improve the transmission latency for UE autonomously sending STATUS report, the pre-configured Semi-Persistent Scheduling (SPS) periodical UL resource can be utilized.  Since NPUSCH resource is preconfigured, the valuable Random Access preamble resource can be saved. There are no four steps of the random access procedure, so the long transmission latency can be saved. 
Proposal 8: For NB-IoT, allow UE to autonomously send STATUS report by SPS resource when detect a failure of an RLC PDU.
Alternatively, if the random access preamble resource is not limited, a CFRA resource can be configured to UE to send the STATUS report. Comparing to CBRA, the transmission latency is reduced. CFRA also use less resource than dedicated SPS.
Proposal 9: For NB-IoT, allow UE to autonomously send STATUS report by CFRA resource when detect a failure of an RLC PDU.
3 Conclusions
Proposal 1: Disabling DL HARQ feedback is optional for IoT NTN.
Proposal 2: For eMTC, configuration of disabling DL HARQ feedback per DL HARQ process is implicitly supported by support of disabling DL HARQ feedback.
Proposal 3: For NB-IoT, if configuration of disabling DL HARQ feedback per DL HARQ process is agreed, it is implicitly supported by support of disabling DL HARQ feedback and support of two HARQ processes.
Proposal 4: The HARQ mode A/B for UL HARQ operation is mandatory with a IODT bit for IoT NTN.
Proposal 5: As working assumption, RAN2 assumes configuring HARQ feedback enabling/disabling per DL HARQ process at least via UE specific RRC signalling. Other options are not excluded and RAN2 can revisit this depending on RAN1’s agreements.
Observation 1: For NB-IoT, after disabling HARQ feedback, RLC can be enhanced to improve data transmission latency.
Proposal 6: For NB-IoT, shorten the AM RLC window size.
Proposal 7: For NB-IoT, add condition based on unacknowledged RLC PDU number and condition based on unacknowledged byte size to trigger polling.
Proposal 8: For NB-IoT, allow UE autonomously send STATUS report by SPS resource when detect a failure of an RLC PDU.
Proposal 9: For NB-IoT, allow UE autonomously send STATUS report by CFRA resource when detect a failure of an RLC PDU.
4 References
[1]. [bookmark: _Ref109647240][bookmark: _Ref7643634][bookmark: _Ref7104523][bookmark: _Ref4159051]RP-221554, MediaTek, WID on IoT NTN Enhancements, RAN#96e, June 2022.


