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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-bis-e meeting [1], following agreement on the HARQ enhancements is achieved:
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 some further considerations on HARQ enhancement.

[bookmark: _Ref129681832]Discussion
HARQ disabling
In NR-NTN, it has been agreed that some HARQ processes can be disabled, and there is no explicit UL feedback for DL transmission when a HARQ process is disabled. For IoT NTN, there is no need to support HARQ disabling for the reason of increasing data rate since the main target use case for IoT NTN is delay tolerant small packet transmission, it is not obvious that there is any need to disable DL HARQ processes.
Proposal 1: Disabling HARQ processes is not necessary for IoT-NTN.

NPDCCH monitoring
For a NTN UE that is configured with one HARQ process, if the NPUSCH transmission ending in subframe n, due to long RTT, the corresponding NPDCCH which indicated ACK/NACK would not come before RTT, therefore, UE shall skip NPDCCH monitoring to reduce power consumption. 
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Figure 1. UL timing relationship of 2 HARQ processes for GEO case
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Figure 2. UL timing relationship of 2 HARQ processes scheduled one by one
When an NTN UE is configured with higher layer parameter twoHARQ-ProcessesConfig, NPDCCH candidates from the two HARQ processes can be scheduled together or separately as shown in Figure 1 and Figure 2, respectively. For GEOs, the earliest time for NPDDCH monitoring is after RTT of NPUSCH0 transmission if one DCI is scheduled between the receptions of NPUSCH0 and NPUSCH1 at the gNB, as shown in Figure 1. However, if the gap of NPUSCH0 and NPUSCH1 is very small, which mean that no NPDCCH will be transmission between the receptions of NPUSCH0 and NPUSCH1, the UE only need to monitor NPDCCH after RTT of NPUSCH1. In summary, UE can start the NPDCCH monitoring according to the scheduling gap between NPUSCH0 and NPUSCH1. Note that for LEOs, the UL transmission duration for one TB may larger than RTT. The UE need to monitor NPDCCH after a short period of NPUSCH2 not after RTT of NPUSCH0 transmission.
Observation 1: For two DCIs followed by two PUSCHs scheduling, the gNB may sent DCI between the receptions of the two PUSCHs if the reception gap is large.
Proposal 2: For two DCIs followed by two PUSCHs scheduling, define a threshold for the gap between PUSCHs. With gap less than the threshold, UE start monitoring NPDCCH after the RTT of the PUSCH from the first HARQ process. Otherwise, UE start monitoring NPDCCH after the RTT of the PUSCH from the second HARQ process. 
For the“one by one”scheduling in Figure 2(a), UE needs to monitor the NPDCCH from the other HARQ process, which may take place after NPUSCH0 transmission. As the distance between NPUSCH0 transmission and its feedback is larger than RTT, the monitoring duration for the second NPDCCH may become large if the NPDCCH is scheduled a  long time after the NPUSCH0 transmission. To reduce the power consumption, NPDCCH may be scheduled within a predefined time interval and UE can avoid the NPDCCH monitoring after NPUSCH0 and before the predefined time interval as shown in Figure 2(b). Moreover, UE can avoid NPDCCH monitoring between the end of NPUSCH1 transmission and the earliest arrival of PDCCH for the feedback of NPUSCH0. 
Proposal 3: With two HARQ processes, the transmission of NPDCCH should be enhanced, e. g. within a predefined time interval to reduce the NPDCCH monitoring.
In the current NB IoT protocol, “the UE 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” [4]. As for IoT NTN, the UL and DL frame timing may aligned or unaligned at the gNB. Figures 3 and 4 illustrate NPDCCH monitoring restrictions for these two scenarios. 
For aligned UL and DL frame timing at gNB as shown in Figure 3, the RTT is compensated at the UE with a large TA, the UE is not expected to receive an NPDCCH for the same HARQ process ID from DL subframe n+1 to subframe n+3. Therefore, the current specification in [4] can be reused. For unaligned UL and DL frame timing at gNB as shown in Figure 4, the TA is shorter than RTT. To reduce the potential conflict between NPUSCH and NPDCCH, the NPDCCH would not come before subframe n+K_mac+3, which is later than subframe n+3. The current specification in [4] can be enhanced to reduce the power consumption of NPDCCH monitoring between DL subframe n+4 and subframe K_mac+3 is acceptable.
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Figure 3. UL and DL timing relationship with large TA and Kmac=0
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Figure 4. UL and DL timing relationship with K_mac >0

Observation 2: The earliest subframe for an UE to receive an NPDCCH with DCI format N0/N1 for the same HARQ process depends on the offset between the UL and DL frame timing at the eNB.
Proposal 4: The PDCCH monitoring should take into consideration the timing offset between the UL and DL frame at the gNB.

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the impact brought by long RTT on HARQ procedure in IoT-NTN. Then we get the following observation and proposals:
Observation 1: For two DCIs followed by two PUSCHs scheduling, the gNB may sent DCI between the receptions of the two PUSCHs if the reception gap is large.
Observation 2: The earliest subframe for an UE to receive an NPDCCH with DCI format N0/N1 for the same HARQ process depends on the offset between the UL and DL frame timing at the eNB.
Proposal 1: Disabling HARQ processes is not necessary for IoT-NTN.
Proposal 2: For two DCIs followed by two PUSCHs scheduling, define a threshold for the gap between PUSCHs. With gap less than the threshold, UE start monitoring NPDCCH after the RTT of the PUSCH from the first HARQ process. Otherwise, UE start monitoring NPDCCH after the RTT of the PUSCH from the second HARQ process. 
[bookmark: _GoBack]Proposal 3: With two HARQ processes, the transmission of NPDCCH should be enhanced, e. g. within a predefined time interval to reduce the NPDCCH monitoring.
Proposal 4: The PDCCH monitoring should take into consideration the timing offset between the UL and DL frame at the gNB.
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