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HARQ Round Trip Time in NR is of the order of several milliseconds, but the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the satellite orbit. Long RTT will cause HARQ buffering more challenaging. To solve the issue, a few solutions on HARQ for NR NTN were agreed as follows： 
· Disabling of HARQ feedback 
· Extend HARQ process number  
Though similar technique issues will appear in IoT NTN, however, the situataion and impact of HARQ might be differnet. In this contribution, related technique aspects on HARQ operation for NB-IoT and eMTC over satellite are analyzed and some enhancements are also discussed.

Discussion 
0. HARQ operation in NB-IoT over satellite 
As specified in TS 36.213 [1], there shall be a maximum of 2 HARQ processes for both uplink and downlink of NB-IoT.
In traditional IoT use case, large repetition was used to provide wide coverage. Therefore, although the number of HARQ processes is small, large repetitions can compensate the the HARQ stalling caused by stop and wait protocol. On the other hand, increasing the number of processes will require high memory and processing capability, but NB-IoT devices should be low cost. On the othe hand, NB-IoT data throughput requirement is very light, so the motivation of increase HARQ process number is not valid, hence, at most two HARQ processes are sufficient for NB-IoT use case.
Since HARQ process number is only 2, disabling HARQ is not necessary by taking into account UE buffer capacity. Considering limited data packet in IoT traffic, disabling HARQ can’t bring benefits to improve data transmission capability. Consequently, it is not recommended to disable HARQ feedback. 
Observation 1: Increasing the number of processes will cause additional UE cost, which is critical for NB-IoT case.
Observation 2: Disabling HARQ feedback doesn’t show clear benefit to NB-IoT use case.  
Proposal 1: No enhancement is needed for HARQ in NB-IoT over satellite. 

0. HARQ operation in eMTC over satellite 
In general, eMTC deployment is targeted to provide wide coverage.Two coverage enhancement modes are defined in RRC connection state, in which CEmodeA corresponds to no repetition or a small amount of repetition, and CEmodeB corresponds to large repetition.
For a BL/CE UE configured with CEmodeA, the HARQ process number of eMTC is specified in TS 36.213 [1]:
For FDD, 
-	if the UE supports ce-pdsch-tenProcesses and is configured with CEModeA and higher layer parameter ce-pdsch-tenProcesses-config set to 'On' there shall be a maximum of 10 downlink HARQ processes per serving cell; 
-	16 downlink HARQ processes per serving cell configured with higher layer parameter dl-TTI-Length
-	otherwise, there shall be a maximum of 8 downlink HARQ processes per serving cell. 

For FDD and a BL/CE UE configured with CEModeA, there shall be at most 8 uplink HARQ processes per serving cell.

The peak rate of eMTC is about 1M bit/s, which is much higher than that of NB-IoT. Increasing the number of processes is also not suitable for eMTC UE which is low-cost oriented. Disable HARQ feedback can be used in CEmodeA eMTC case to increase the peak rate but without higher complexity. Therefore, a maximum of 10 downlink HARQ processes and 8 uplink HARQ processes can be kept for eMTC NTN, and enabling/disabling on HARQ feedback for downlink transmission can be configured per HARQ process. Furthermore, reusing same HARQ feedback disabling mechansim of NR NTN is a bit straightforward.  
Proposal 2: Reuse disabling HARQ feedback mechansim of NR NTN for CEmodeA in eMTC NTN, and no need to increase the HARQ process number for CEmodeA UE.
For CEModeB UE, maximum 4 HARQ processes are supported. In view of application scenario, eMTC modeB and NB-IoT are same in terms of low cost and large repetition. There is no need for the enhancement on HARQ as well as the NB-IoT case.
Proposal 3: There is no need for the enhancement on HARQ in CEmodeB of eMTC NTN.

0. Link budget and repetition
In terrstrial IoT use case, lower SINR range is assumed, and repetition gain is expected to compensate large path loss. However, for LEO moving beam case, serving time of one beam may not be longer enough to support thousands of time repetition. Secondly, as in IoT repetition combination operation, I/Q signal combination is often used, but if with the presence of residual time and frequency offset in different slots, the combination gain will be shrunk along the repetition times increasing. In the other hand, if less repetition times are used, it will make a higher requirement on SINR range compared to terrestrial network. Due to long propogation distance, it is difficult to obtain good SINR in satellite communication, therefore, a trade-off is to be studied to balance link budget and real performance. Furthemore, additional algorithm and mechanism are to be studied to harvest the combinaton gain on the presence of synchronization error.
Proposal 4: Study performance improvement of repetition transmission for satellite NB-IoT in the presence of synchronization error.

Conclusion
In this contribution, we analzyed potential issues of HARQ impact due to longer propogation delay in NB-IoT and eMTC over satellite. In sum, the observations and proposals are listed as follows:
Observation 1: Increasing the number of processes will cause additional UE cost, which is critical for NB-IoT case.
Observation 2: Disabling HARQ feedback doesn’t show clear benefit to NB-IoT use case.  
Proposal 1: No enhancement is needed for HARQ in NB-IoT over satellite. 
Proposal 2: Reuse disabling HARQ feedback mechansim of NR NTN for CEmodeA in eMTC NTN, and no need to increase the HARQ process number for CEmodeA UE.
Proposal 3: There is no need for the enhancement on HARQ in CEmodeB of eMTC NTN.
Proposal 4: Study performance improvement of repetition transmission for satellite NB-IoT in the presence of synchronization error.

References
[1] [bookmark: _Ref53511633]3GPP TS 36.213: "LTE; Physical layer procedures "
