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Introduction
[bookmark: _Hlk510705081]The study item description [1] for NB-IoT/eMTC support for non-terrestrial networks defined the following second objective:The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-  Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]

[bookmark: OLE_LINK5]NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
Recommendations for NB-IoT and recommendations for eMTC will be documented in the conclusions.


In NR NTN, there has been discussed possible solutions to mitigate HARQ stalling because of large RTT, i.e. inceasing number of HARQ processes and HARQ feedback disabling.
In IoT, repetition will be used to improve the coverage for the IoT UE, which will mitigate the impact from large RTT. Also half duplex will mitigate the impact. 
This contribution will discuss whether there is still issue for HARQ in IoT over NTN scenarios and our observation/proposals.
Discussion
HARQ in NR NTN
Considering large RTT for NTN scenario, with limited number of HARQ process and procedure as stop-and-wait, there will be HARQ stalling before HARQ-ACK feedback received. Because of HARQ stalling, throughput and data rate will be impacted for packet transmission in NTN scenarios.
There has been study and candidate solutions to avoid or reduce the impact of HARQ stalling in NR NTN SI and WI. 
· Disabling on HARQ feedback for downlink transmission is one candidate. It has been agreed that “Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling”. In this solution, no feedback for HARQ to confirm whether the packet is received successfully or not and HARQ process does not need to wait for the feedback before any other transmission, e.g. for new data packet, so that this can avoid HARQ stalling and impact on throughput. 
· RLC feedback could be used instead to confirm RLC packet is received successfully or not. 
· Blind retransmission or slot aggregation, and some other solution were discussed for improvement of throughput. 
· There were discussion that whether there should be necessary some HARQ process(s) are not disabled to guarantee transmission that need HARQ-ACK feedback to confirm the correct reception, but it should be up to network implementation from our consideration.
· Increasing number of HARQ process is another solution to avoid HARQ stalling for NTN scenario. More HARQ process can be used for data transmission in a parallel way, which could mitigate the impact of HARQ stalling but it could not entirely remove HARQ stalling in some large RTT cases, e.g. GEO with RTT like 541.46ms.
· This solution will impact UE cost and complexity to support more HARQ process and buffer.
· More HARQ process also request more HARQ feedback and impact on DCI design, etc, which will further impact UE cost and complexity.
HARQ in IoT NTN
The main problem of HARQ stalling to solve is the impact on throughput, where the HARQ enhancement solutions in NTN are for this motivation. For IoT NTN, we need to check whether there will be this issue for scenarios, with requirement on IoT UE experienced data rate, MCL, repetition number, framework of data transmission.
Payload for LTE NB-IoT/eMTC in TN could be small and repetitions are used to guarantee an extreme coverage e.g. MCL = 164 dB. The duration time for transmission of one packet could be large according to the repetition number, where the timing for HARQ feedback will also be postponed to be after the repetitions of packet. The repetition provides similar improvement as the further consideration in NR NTN, e.g. blind retransmission or slot-aggregation. This will reduce the ratio of time for HARQ stalling over time for transmission because of the large RTT in NTN and mitigate the impact of the HARQ stalling.
Observation 1: repetition for IoT UE will mitigate the impact of HARQ stalling because of long propagation delay in NTN scenario.
The mitigation might work for some cases, e.g. with requirement for low data rate, which should be studied whether it can be acceptable for all IoT cases with all candidate data rate in different satellite orbit scenario.
In RAN2-112e meeting, there has been agreement for UE experienced data rate target in extreme coverage for IoT UE in NTN scenario as in Table 1. 
Table1: UE experienced data rate target
	Usage scenarios
	Experience data rate (note 1)
	Overall UE density per km2
(note 3)
	Activity factor (note 2)
	Max UE speed
	Environment
	UE categories
	Sources

	
	DL
	UL
	
	
	
	
	
	

	IoT connectivity (low power wide area service capability)
	2 kbps
	10 kbps
	400
	1,00%
	0 km/h
	Extreme coverage
	IoT
	TR 38.821 



NOTE 1: As defined in TS 22.261 "Service requirements for the 5G system; Stage 1"
NOTE 2: As defined in TS 22.261"Service requirements for the 5G system; Stage 1" 
NOTE 3: The Overall UE density per km2 represents a peak value over a 40 km cell diameter. The actual value that can be achieved with a satellite will depend on the beam diameter.
Then we need to consider whether it can be supported in the maximum coupling loss supported by LTE NB-IoT/eMTC, i.e. 164dB, considering cases with combination of all possible loss. It has been proved that in TN, repetitions defined for UL and DL channels could guarantee that the requested data rate can be achieved in this MCL. However, In IoT over NTN, scenarios changed and large RTT has been added in the data transmission procedure, it is not clear whether the above agreed data requirement can be achieved for this MCL.
In our RAN2 contribution [2], initial analysis has been done for IoT over NTN scenarios, based on TN link budget results, which showed that based on current NB-IoT/eMTC HARQ design and repetition number, the agreed data rate can only be achieved for some coupling loss values e.g. 144dB or 154dB, but not for the max coupling loss i.e. 164dB.  
Observation 2: based on current LTE NB-IoT/eMTC design for HARQ and repetition, the max MCL can not be guaranteed with TN link budget results.
In IoT over NTN, the link budget results will be different as in TN. Except the large distance between satellite and IoT UE, the following will also be important aspects that impact the link budget. 
· Transmission power
· Gain from satellite beam
· RTT
· Repetition number
· Antenna number of IoT UE
· HARQ procedure, i.e. waiting time, delay time, etc.
Proposal 1: it should be evaluated whether current LTE NB-IoT/eMTC HARQ and repetition number can support the max coupling loss as requirement and agreed data rate, in NTN scenarios with different satellite obit.
Possible HARQ enhancement
If the agreed data rate can not be achieved, HARQ enhancement could be one way to provide better performance.There could be several possible directions. 
First of all, the relation between requested repetition number and number of HARQ supported should be studied. In cases with large coupling loss, requested repetition number could be large. As analysis in [2], even with more HARQ process, it may not help, as the repetition may take so long time, e.g. 2048ms for NB-IoT NPDSCH and eMTC PDSCH, and one HARQ process could occupy all the time resource with the repetitions. Additionally, increasing number of HARQ process will increase UE cost and complexity, which should be studied whether it is acceptable. 
Observation 3: more HARQ process with more cost/complexity may not help when repetition number is too large.
Second aspect to be considered is whether we can reduce the repetition number by any ways. As for low data rate in edge coverage, time resource is important to support the requirement on experienced data rate. When UE is receiving PDSCH repetitions, the packet may be received successfully after a number of repetition. After this number of repetition, technically the PDSCH should be received successfully and no need for all remaining repetitions. If we can avoid the unnecessary repetition, to save time resource, it will also contribute to the agreed experienced data rate by IoT UE in NTN. In another word, it should benefit for throughput if the repetition number is in good control and adaptive to the changing of channel status.
Proposal 2: reducing repetition number and real requested repetition number should be studied for the requirement of data rate in IoT NTN scenarios.
Another solution for HARQ process in NR NTN is disabling of HARQ feedback. When HARQ feedback is disabled, the time for HARQ feedback will be saved, but the time for repetition of data packet is still the same. As discussed above, time resource occupied by large repetition may be a main issue in IoT NTN to support the agreed data rate in MCLs, then HARQ feedback disabling may also not well solve the issue for IoT NTN. Additionally, for NB-IoT, as UE may only support 1 HARQ process, it should not be disabled. However if stalling is to be avoided with one HARQ process without disabling feedback, som other feedback meachnisms should be studied, including its timing. 
Observation 4: HARQ feedback disabling is not helpful in some of IoT NTN scenarios. 
Proposal 3: RAN1 should study alternative feedback for HARQ maximizing the performance of the link, incl for UEs with 1 or 2 HARQ processes.
Continuation of HARQ process
For each HARQ process, LTE NB-IoT transmission time will be decided as repetition time * number of RU * number of slot in RU. When considering largest repetition time, number of RU, number of slot in RU defined in LTE, the maximum transmission time could be 0.5 ms * 128 * 10 * 16 = 10240 ms for 15kHz SCS or 2 ms * 128 * 10 * 16 = 40960 ms for 3.75kHz SCS. This time length could be larger than the time before UE need to handover or perform a cell reseletion with high speed satellite, resulting that UE can not complete the repetition before change of cell. Repetition continuation for the HARQ process should be considered and it should be guaranteed that the repetition from coverage of two cells should be able to be combined.
Proposal 4: repetition continuation for HARQ process should be studied and repetition from coverage of two cells should be able to be combined, especially for LEO with high speed satellite movement.
Conclusion
In this contribution, we discussed HARQ for NB-IoT/eMTC over NTN, with our observations and proposals presented as following:
Observation 1: repetition for IoT UE will mitigate the impact of HARQ stalling because of long propagation delay in NTN scenario.
Observation 2: based on current LTE NB-IoT/eMTC design for HARQ and repetition, the max MCL can not be guaranteed with TN link budget results.
Observation 3: more HARQ process with more cost/complexity may not help when repetition number is too large.
Observation 4: HARQ feedback disabling is not helpful in some of IoT NTN scenarios. 

Proposal 1: it should be evaluated whether current LTE NB-IoT/eMTC HARQ and repetition number can support the max coupling loss as requirement and agreed data rate, in NTN scenarios with different satellite obit.
Proposal 2: reducing repetition number and real requested repetition number should be studied for the requirement of data rate in IoT NTN scenarios.
Proposal 3: RAN1 should study alternative feedback for HARQ maximizing the performance of the link, incl for UEs with 1 or 2 HARQ processes.
Proposal 4: repetition continuation for HARQ process should be studied and repetition from coverage of two cells should be able to be combined, especially for LEO with high speed satellite movement.
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