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1 Background
In the previous RAN1 meeting, RAN1#104-bis-e, the following agreements were made under this agenda item:
Agreement:
Increasing the number of HARQ processes for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17.
We present our views on this agenda item in the following. 
We consider the proposals and observations marked in red boldface to be essential for Release 17; proposals and observations marked in orange boldface are ones recommend to be captured additionally (to the essential proposals) in the TR as guiding principles and observations for future work.
2 HARQ-ACK feedback disabled HARQ process(es)
In Table 1, we depict a scenario corresponding to a Set 1 GEO deployment, with a central beam centre DL SNR of  and a central beam edge DL SNR of . For our link-level evaluations, we use an AWGN channel, which is realistic in the line-of-sight settings that characterize GEO NTN networks. We note that, under this situation, an NPDCCH transmission with a  BLER requires , while an NPDSCH transmission, for a TBS of  bits , with 10% BLER requires . The RTD—for the case where the timing reference is at the ground station—is . In our analysis, we also account for the maximum delay in aligning with a NPDCCH search space (we assume ), when determining the overall NPDCCH duration, in Table 1.
Table 1: Downlink SNRs and required transmission durations in Set 1 GEO deployments.
	Round Trip Delay

	

	

	NPDCCH duration
 including max. scheduling time
(1% BLER@, AWGN)

	NPDSCH duration
(10% BLER@, AWGN,  bits)


	
	
	
	
	



In Table 2, we depict the throughput/latency penalty that is incurred, if we do not support at least one HARQ process with HARQ-ACK feedback disabled. The  and  values are taken from Table 1. In our calculations, we assume a  delay from NPDCCHNPDSCH, and the minimum value of the NPDSCHHARQ-ACK delay, i.e., , for a fair comparison. The timelines used for the calculations are depicted in Fig. 1 for a NB-IoT UE with a single HARQ process. 
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Figure 1: Scheduling timelines for a NB-IoT UE with a single HARQ process. The top figure depicts scheduling without feedback disabling, while the bottom figure depicts scheduling when feedback disabling is supported.
Further, for the case of  HARQ processes without feedback disabling, we assume that the 2nd TB can be transmitted within the RTD that starts after the HARQ ACK for the 1st TB is sent—this also ensures fairness, since the time taken to transmit  TBs without feedback disabling is the same as that taken to transmit  TB. 
In Table 2, we see the significant impact on throughput/latency due to the large RTD ( for 1 HARQ process, and  for 2 HARQ processes), when feedback disabling is not supported. In practice, due to the much inferior uplink budgets, the  value may be quite large, thereby exacerbating the impact further.
If the time taken to complete a downlink transmission (e.g., comprising several NPDSCHs) is increased, as depicted in Table 2, due to not supporting feedback-disabled processes, there may be instances where we may be forced out of the short connection regime, leading to loss of synchronization, among other issues.
Table 2: Throughput/Latency penalty from not supporting feedback disabled HARQ processes.
	Number of HARQ processes

	HARQ Feedback Mode
	Time to transmit  TBs

	Throughput loss 
= Latency penalty (to transmit the same payload)

	1
	With disabling
	

	

	
	No disabling
	


	

	2
	With disabling
	) 
 
	

	
	No disabling
	


	


Observation 1: For GEO Set 1 deployments, not supporting any feedback disabled HARQ process(es) results in a throughput/latency penalty of > 11x for UEs with one HARQ process and > 5.5x for UEs with two HARQ processes.
Based on the above observation, we propose to support at least a single feedback-less HARQ process, as an essential feature in Release 17.
Proposal 1: RAN1 to support at least one feedback-disabled HARQ process for NB-IoT over NTN. FFS eMTC. 
3 Maintaining throughput
In an NTN, a UE may have to wait for a considerable period after receiving a DL transmission before it transmits the corresponding UL. This is especially true for “near UEs” if the “scheduling offsets” (K_offset) are cell-specific, and hence, cater to UEs with the worst round-trip time. According to current specifications, in many such would-be “waiting periods”, the UE is “not required to monitor NPDCCH” (see Fig. 2). An example shown in the figure is the time period between receiving an NPDSCH and transmitting the corresponding HARQ ACK.
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Figure 2: Illustration of current UE behavior between receiving NPDSCH and transmitting HARQ ACK.
To mitigate this loss in throughput, we can enable PDCCH monitoring for at least a subset of the “waiting period” shown above (shown in Fig. 3), especially if a PDCCH monitoring occasion were to fall inside this region.
[image: ]
Figure 3: Illustration of proposed UE behavior between receiving NPDSCH and transmitting HARQ ACK, to increase overall throughput.
According to the analysis shown in Section 2, for a GEO Set 1 deployment, a NPDCCH duration of 4 ms is adequate to achieve 1% BLER. The maximum differential delay (i.e., the difference in RTD between a beam-center UE and a beam-edge UE) is approximately 10.3 ms for GEO deployments, which directly translates to the “waiting period” shown in Fig. 2, when a cell-specific K_offset is used. As a result—when a cell-specific K_offset is used in GEO cells—it is feasible to monitor for a PDCCH within this waiting period, so long as it coincides with a valid monitoring occasion, and PDCCH monitoring is required in such waiting periods.
Observation 2: For GEO Set 1 deployments, with cell-specific K_offset, the waiting period between receiving a NPDSCH and transmitting the HARQ-ACK (which is given by the maximum differential delay in the cell) can accommodate at least one PDCCH, provided it coincides with a valid PDCCH monitoring occasion.
Proposal 2: RAN1 to consider enabling PDCCH monitoring in “waiting periods”—for example, between receiving NPDSCH and transmitting HARQ ACK in NB-IoT—to mitigate suboptimal throughput.
4 Conclusion
In this contribution we presented our initial views on enhancements for NB-IoT/eMTC over NTN for aspects related HARQ operation. We summarize our proposals below.
Observation 1: For GEO Set 1 deployments, not supporting any feedback disabled HARQ process(es) results in a throughput/latency penalty of > 11x for UEs with one HARQ process and > 5.5x for UEs with two HARQ processes.
Proposal 1: RAN1 to support at least one feedback-disabled HARQ process for NB-IoT over NTN. FFS eMTC.
Observation 2: For GEO Set 1 deployments, with cell-specific K_offset, the waiting period between receiving a NPDSCH and transmitting the HARQ-ACK (which is given by the maximum differential delay in the cell) can accommodate at least one PDCCH, provided it coincides with a valid PDCCH monitoring occasion.
Proposal 2: RAN1 to consider enabling PDCCH monitoring in “waiting periods”—for example, between receiving NPDSCH and transmitting HARQ ACK in NB-IoT—to mitigate suboptimal throughput.
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