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Introduction
The study item description of NB-IoT/eMTC support for NTN was provided in [1]. One objective of this study item is HARQ operation, where the conclusions of the studies performed for NR over NTN in [2] should be reused as much as possible. The following agreements have been made in RAN1 #104-e meeting [3], [4]. 

Agreement:
Study further the potential benefits and/or drawbacks of increasing the number of HARQ processes on throughput, latency, power consumption and complexity

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:
The motivation for introducing HARQ enhancements in NR NTN needs further consideration for HARQ enhancements in NTN IoT. Capture the following in the TR:
· For NTN IoT, potential HARQ enhancements need to consider the main characteristics of an IoT device, which are low complexity, low cost, low power consumption and low throughput, and key requirements of IoT services which are extended coverage, delay-tolerant and infrequent data transmissions, and support of massive communications.
· The peak throughput of IoT UEs operating over NTN is not expected to be higher than the peak throughput of IoT UEs operating over TN.

Agreement:
Further study to identify whether HARQ stalling happens at least in the GEO satellite scenario.

Agreement:
· Further discuss the potential benefits and/or drawbacks of increasing the number of HARQ processes in the UL for NB-IoT and eMTC, and for the analysis consider at least the following for the number of HARQ processes
· NB-IoT: 1,2,4
· eMTC: 2,4,8,14
· And discuss at least power consumption and peak data rate as performance metrics
· FFS: Whether to consider DL
· Other values for number of HARQ processes below the maximum value can be discussed

Agreement:
· Further discuss the potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT and eMTC, and consider at least the following number of HARQ processes for the analysis
· NB-IoT: 
· Total: 2, disabled: {1,2}
· eMTC:
· Total: 2, disabled: {1,2}
· Total: 8, disabled: {1,2,7,8}
· Other values for number of HARQ processes below the maximum value can be discussed
· FFS: whether to consider separately LEO and GEO scenarios
· FFS: whether to allow disabling of HARQ feedback in case of single HARQ process
· FFS: whether to allow disabling of all HARQ feedback
· FFS: other details for the evaluation/analysis

In this contribution, we provide our views on the topics of HARQ operation in IoT over NTN, including increasing HARQ process number and disabling HARQ feedback.
Discussion
In NR release 16 terrestrial network, the maximum number of downlink or uplink HARQ processes is 16. The maximum number of downlink or uplink HARQ processes is 32 in NR over NTN [5]. This increased number of HARQ processes could avoid the HARQ stalling in NTN due to the large propagation delay, hence achieving a higher date rate. 

The maximum number of HARQ processes in an IoT device is limited. For example, up to 2 downlink or uplink HARQ processes are supported in NB-IoT and up to 8 downlink or uplink HARQ processes are supported in eMTC. The large propagation delay in NTN implies that more HARQ processes are needed so that HARQ stalling could be mitigated. However, in IoT transmissions, the number of repetitions is large. This large number of repetitions mitigates the demand of more HARQ processes. Furthermore, the date rate is not the critical KPI for IoT. Although the potential HARQ stalling in NTN restricts the maximum throughput, the resulting throughput is still large enough to support IoT services. For example, in GEO scenario, the achievable data rate for NB-IoT devices with 2 HARQ processes is about 8.8 kbps.
Similarly, the increase of HARQ processes may reduce the latency in IoT over NTN, due to the avoidance of HARQ stalling. However, IoT services are delay tolerant. For example, the latency requirements could be as large as 10 seconds. This value is much larger than the propagation delay in NTN. Hence, the acquired latency of IoT over NTN, without increase the number of HARQ processes, may still be small enough to support IoT services.

Observation 1: The acquired throughput and latency of IoT over NTN, without increasing the number of HARQ processes, may still be enough to support IoT services.

The increase of HARQ process number implies the increase of soft buffer size. This leads to a higher device cost, which is not preferrable for IoT devices.

Observation 2: Increasing the number of HARQ processes increases IoT device complexity. 

In NR over NTN, it is supported that enabling/disabling on HARQ feedback for downlink transmission is configurable per HARQ process via UE specific RRC signaling [4]. The disabling of HARQ feedback allows the prompt release of HARQ soft buffer to facilitate the reception of new data. This is a way to address the HARQ stalling in NTN due to the large propagation delay. The disabling of HARQ feedback may increase data rate, at the cost of reduced reliability and increased latency. 

It should be mentioned that disabling HARQ feedback for downlink transmissions does not increase IoT device complexity but reduces the power consumption of the device.  

Observation 3: Disabling HARQ feedback for downlink transmissions may increase the data rate, at the cost of reduced reliability. 

Observation 4: Disabling HARQ feedback for downlink transmissions does not increase the IoT device complexity and can reduce the power consumption. 

Conclusion
In this contribution, we provided our views on HARQ operations for IoT over NTN. Our observations are as follows: 

Observation 1: The acquired throughput and latency of IoT over NTN, without increasing the number of HARQ processes, may still be enough to support IoT services.

Observation 2: Increasing the number of HARQ processes increases IoT device complexity. 

Observation 3: Disabling HARQ feedback for downlink transmissions may increase the data rate, at the cost of reduced reliability. 

Observation 4: Disabling HARQ feedback for downlink transmissions does not increase the IoT device complexity and can reduce the power consumption. 
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