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1. Introduction
Based on the LS from ESOA [1] and many companies contributions to RAN#91e, there seems to be a strong desire to complete the IoT over NTN study item earlier than scheduled and accommodate a work item on IoT over NTN in the Rel-17 timeframe. To make this happen, the study item needs to be expedited and the scope on the IoT features needs to be narrowed down in a reasonable manner. 

In RAN#91e email discussion #42 [2], rapporteur summarized a few features that can be considered by the working groups as candidates for non-essential functionality in Rel-17.

· HARQ 

· Latency 

· Power consumption 

· Spectral efficiency 

· Coverage 

· Mobility 

· RLF and re-establishment handling

In this contribution, we discuss HARQ aspects for NB-IoT/eMTC over NTN.

2. Discussion
2.1. HARQ enhancements due to large RTT
In our understanding, timing relationships between downlink reception and uplink transmission discussed in NR-NTN should be taken as essential features for IoT devices to work properly in NTN in Rel-17. In NR-NTN, an offset, i.e., K_offset is introduced to enhance the timing relationship for HARQ-ACK transmission. For HARQ-ACK transmission on a PUCCH, if UE is scheduled with a PDSCH reception ending in slot n, the UE should provide corresponding HARQ-ACK information in a PUCCH transmission within slot n+K1+K_offset, where K1 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK.
For HARQ-ACK feedback in IoT-NTN, similar to NR-NTN, the timing relationship between PDSCH reception and HARQ-ACK feedback should be enhanced with the K_offset at least in the large propagation delay scenarios, e.g., GEO. Otherwise, the IoT devices will be unable to transmit the corresponding HARQ-ACKs for PDSCH receptions in such scenarios and the systems will be broken. 
Proposal 1: K_offset is introduced to enhance the timing relationship for HARQ-ACK transmission for NB-IoT/eMTC over NTN in Rel-17. 

2.2. HARQ enhancements for spectral efficiency
In NR-NTN, HARQ disabling and increased HARQ process number are two HARQ procedure enhancements for spectral efficiency, e.g., high throughput. 
The target of introducing HARQ disabling in NR-NTN is to achieve higher throughput without increasing UE cost. With the HARQ disabling mechanism, it is possible for gNB/UE to always find an available HARQ process for DL or UL transmission, hence the peak data rate may be enhanced in the large propagation delay scenario. However, this mechanism may lose some reliability since ACK/NACK based retransmission is not supported.

The introduction of increasing more HARQ processes in NR-NTN is also target for higher throughput. The additional HARQ processes provide more opportunities for DL or UL transmission in large propagation delay scenario. At the meanwhile, the reliability can be guaranteed since it can still use ACK/NACK based retransmission. However, this method would require increasing of UE cost. Considering this, the maximal HARQ process number is 32 and it is up to UE capability. On the other hand, if the propagation delay is very large, e.g., in GEO scenario, the method can hardly provide benefits.

The characteristics of NB-IoT/eMTC include: low cost, low device power consumption, extended coverage, and support massive connections. High data rate or stringent latency should not be the targets for NB-IoT/eMTC devices. Also according to the summary in [2], the use case of intermittent delay-tolerant small packet transmissions will be prioritized in Rel-17. Therefore, the HARQ enhancements which pursue high data rate, i.e., HARQ disabling and increased HARQ process number should NOT be taken as essential features for Rel-17 NB-IoT/eMTC over NTN. These features are beneficial to the system and can be further studied and specified in later release.
Proposal 2: HARQ disabling and increased HARQ process number for NB-IoT/eMTC over NTN should NOT be specified in Rel-17. 
Proposal 3: HARQ disabling and increased HARQ process number for NB-IoT/eMTC over NTN should be studied and specified in later release. 
3. Conclusion

In this contribution, the HARQ aspects for NB-IoT/eMTC over NTN are discussed. The following proposals are made.  
Proposal 1: K_offset is introduced to enhance the timing relationship for HARQ-ACK transmission for NB-IoT/eMTC over NTN in Rel-17. 

Proposal 2: HARQ disabling and increased HARQ process number for NB-IoT/eMTC over NTN should NOT be specified in Rel-17. 
Proposal 3: HARQ disabling and increased HARQ process number for NB-IoT/eMTC over NTN should be studied and specified in later release. 
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