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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk68098852]In RAN1#104b-e meeting, the following agreement was achieved on HARQ enhancements on NB-IoT/eMTC for NTN [1].
	[bookmark: _Hlk61428717]Agreement:
· Increasing the number of HARQ processes for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17.


In this contribution, we provide our considerations on HARQ operation of NB-IoT/eMTC for NTN.
2. Discussion
2.1. Disabling HARQ feedback
In NR NTN, due to large propagation latency and supported HARQ process number, the functionality of disabling HARQ feedback is introduced. The NTN network does not need to wait for the HARQ-ACK feedback from devices before it can schedule the disabled HARQ processes again to decrease the packet delivering latency and increase data rate. It’s also applicable on IoT NTN. Moreover, due to large propagation latency and few HARQ processes, disabled HARQ processes can avoid HARQ stalling and decrease the packet delivering latency. 
Although the latency and throughput are not essential KPIs in IoT NTN, disabling HARQ feedback could still bring in some other benefits of which deserve be considered for NB-IoT and eMTC over NTN. One is the power consumption. Considering to the link budget of NTN, a larger number of repetitions are needed for uplink, which will cause high power consumption. Disabling HARQ feedback is beneficial for the power consumption and battery life due to less uplink transmission. Another one is the resource utilization improvement, especially for the NB-IoT, without the HARQ-ACK feedback, the saved uplink resource can be used to transmit uplink traffic data for other UEs, which could also facilitate the system capacity. 
[bookmark: OLE_LINK6]Proposal 1: Support the functionality of disabling HARQ feedback for NB-IoT/eMTC over NTN.
In terms of HARQ disabling configuration, in NR NTN, per HARQ process configuration via UE specific RRC signaling is supported and whether to support that at least one HARQ process is configured with enabled HARQ feedback is still under discussion. For IoT NTN, the functionality of disabling HARQ feedback, the number of disabled HARQ processes and enabling/disabling for one HARQ process can be decided by the network implementation and configured to UEs, which are similar to NR NTN, per HARQ process configuration via UE specific RRC signaling can be applied. To add extra flexibility, some dynamic configuration options can be considered, such as using dynamic indication (e.g. DCI) or dedicated RNTIs to switch the enabling/disabling HARQ feedback configured by RRC for some HARQ processes. And some or all of the HARQ processes can be configured to be disabled, and can be dynamically switched to be enabled if necessary.
Observation 1: It can be up to network implementation to configure the enabling/disabling HARQ feedback for one HARQ process, and determine the number of disabled HARQ processes.
Proposal 2: The functionality of enabling/disabling HARQ feedback per HARQ process can be semi-statically configured and dynamically switched.
2.2. Serving cell change
Frequent serving cell change caused by high mobility of LEO satellites is a major difference for IoT between TN and NTN. In NB-IoT, due to large repetition numbers, for each HARQ process, the transmission duration time could be quite long. Considering the largest repetition numbers, number of RU, and number of slots in RU defined in LTE, the maximum transmission duration time could be 10.24 s for 15kHz SCS or 40.96 s for 3.75kHz SCS. For LEO at 600km, the speed of satellite is 7.5622km/s, and the beam footprint size is 50km (set 1) or 90km (set 2). In earth-moving cell scenario, assuming one beam per cell is used, the maximum service time provided by one cell for IoT device is 6.612s (set 1) or 11.901s (set 2). Considering the large repetition and the randomness of traffic data, it is very likely that the repetition transmission may be ongoing when the serving cell needs to change due to the mobility of satellites. Additionally, a group of  UEs in the coverage of one cell would need to change the serving cell due to the mobility of the cell, not the movement of UEs, which is also a major different between TN and NTN. In this case, there may be some remaining repetition transmissions which are uncomplete timely repetitions and require to be transmitted. If these completed repetitions are discarded, there will be a huge waste of resources. 
As discussed above, service time provided by one cell to the IoT device is insufficient, and the straightforward way is to increase the coverage of a cell. Hence, introducing beam management mechanism is preferable in IoT NTN. It’s can avoid much impact on high layer and much complexity compared to the handover or cell reselection. When a long transmission can not fully completed while the IoT device out of the beam coverage due to the satellites moving, the gNB can determine to continue the transmission via a different service beam. Further, a gap transmission mechanism can be used to ensure the IoT device has enough time to make the beam switching.
Proposal 3: Beam management mechanism can be introduced to IoT NTN.
Proposal 4: An enhanced gap transmission mechanism to allow repetition continuation when serving beam switches could be considered.
2.3. Reducing PDCCH monitoring
When HARQ feedback is disabled, the network does not need to wait for the HARQ-ACK feedback from devices before it can schedule the disabled HARQ processes again. Hence, the PDCCH monitoring reduction is not necessary.
Proposal 5: When HARQ feedback is disabled, the PDCCH monitoring reduction is not necessary.
When an IoT device is configured with two HARQ processes, and the IoT device is scheduled for one HARQ, the IoT device needs to monitor the NPDCCH for other HARQ. Moreover, for the waiting interval between two transmissions of same HARQ process ID, according to TS 36.213, if the IoT device has an NPUSCH transmission ending in subframe n, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3. 
In NB-IoT/eMTC over NTN, if downlink and uplink frame timing are aligned at eNB, the IoT device has an NPUSCH transmission ending in subframe n as shown in Figure 1. The IoT device can not receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until the RTT time has elapsed from the end of the NPUSCH. According to current spec, the IoT device is also not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission from subframe n+1 to subframe n+3. However, because the round-trip delay of NTN is much large than 3 subframes, IoT devices have enough time for MAC entity after an NPUSCH transmission. The interval of 3 subframes is no longer required. Hence, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
Observation 2: When an IoT device is configured with two HARQ processes and the downlink and uplink frame timing are aligned at eNB, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.

Figure 1. One example of IoT NPDCCH monitor with downlink and uplink frame timing aligned at eNB
If downlink and uplink frame timing are not aligned at eNB, as shown in Figure 2, the earliest subframe for a IoT device to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID may be later than downlink subframe n+3. Same as above, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
[bookmark: _GoBack]
Figure 2. One example of IoT NPDCCH monitor with downlink and uplink frame timing not aligned at eNB
Observation 3: When an IoT device is configured with two HARQ processes and the downlink and uplink frame timing are not aligned at eNB, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
Proposal 6: When an IoT device is configured with two HARQ processes, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
When an IoT device is configured with one HARQ processes and HARQ feedback is enabled, the waiting interval between two transmissions should be longer than RTT. Due to the long RTT, the interval between the NPUSCH which carrying ACK/NACK and the next NPDCCH is very large. Hence, the PDCCH monitoring in this waiting time can be skipped to reduce power consumption.
Proposal 7: When IoT device is configured with one HARQ process and the HARQ feedback is enabled, the IoT device does not require to monitor NPDCCH until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
3. Conclusion
In this contribution, we provide our views on HARQ enhancement for NB-IoT and eMTC NTN with the following observations and proposals:
Observation 1: It can be up to network implementation to configure the enabling/disabling HARQ feedback for one HARQ process, and determine the number of disabled HARQ processes.
Observation 2: When an IoT device is configured with two HARQ processes and the downlink and uplink frame timing are aligned at eNB, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
Observation 3: When an IoT device is configured with two HARQ processes and the downlink and uplink frame timing are not aligned at eNB, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
Proposal 1: Support the functionality of disabling HARQ feedback for NB-IoT/eMTC over NTN.
Proposal 2: The functionality of enabling/disabling HARQ feedback per HARQ process can be semi-statically configured and dynamically switched.
Proposal 3: Beam management mechanism can be introduced to IoT NTN.
Proposal 4: An enhanced gap transmission mechanism to allow repetition continuation when serving beam switches could be considered.
Proposal 5: When HARQ feedback is disabled, the PDCCH monitoring reduction is not necessary.
Proposal 6: When an IoT device is configured with two HARQ processes, the IoT device is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
Proposal 7: When IoT device is configured with one HARQ process and the HARQ feedback is enabled, the IoT device does not require to monitor NPDCCH until max(RTT time, 3 subframe) has elapsed from the end of the NPUSCH.
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