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Introduction
In RAN1 105-e [R1-2106337], the following agreements are made regarding HARQ enhancement. 
	Agreement:
Capture the following in the TR:
RAN1 discussed reporting of additional information by a UE (such as timing information to inform the network that a sufficient number of repetitions has been transmitted, requested number of repetition, BLER-based triggering or bundling of feedback, buffer status, enabling/disabling HARQ feedback, etc.)

Conclusion:
RAN1 concluded that reporting of additional feedback is not an essential feature for NTN IoT in Rel-17. 


While previous discussions on HARQ enhancement are captured in [1] as follows:  
	Increasing the number of HARQ processes for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17.
It was concluded that from a physical layer perspective, there is no consensus on disabling HARQ feedback for NTN IoT in Rel-17. Disabling HARQ feedback for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17.
-	The disabling of HARQ feedback for downlink transmission was discussed. This can benefit UE power consumption and latency. Disabling HARQ feedback for a DL transmission can improve uplink throughput in NTN as more resource would be available in uplink. If HARQ feedback is disabled, the L1 reliability of the downlink transmission may degrade due to the lack of HARQ feedback. Therefore, more UL resources may will be needed for RLC status reporting, which may will partly consume the UL resources made available by disabled HARQ feedback.
-	According to some companies' views, disabling HARQ feedback for downlink transmission can mitigate HARQ stalling for NB-IoT which is due to the large RTT in NTN and benefit UE power consumption and latency. 
-	Means to mitigate the potential throughput/latency penalties due to the large RTT in NTN that are already supported in the current specification were also discussed. An eNB can ensure improved DL throughput for eMTC by scheduling new DL TBs for a given HARQ process without waiting for reception of the previous TB HARQ ACK/NACK of that HARQ process, even when the UE transmits a HARQ ACK for TBs scheduled on that HARQ process. This mitigates the throughput/latency penalties significantly. The UE is still required to always transmit a HARQ-ACK (which is no longer used for the primary purpose of physical layer acknowledgment, but may have secondary benefits, e.g., in link adaptation aspects), thereby requiring more UE power expenditure than the feedback-disabled case.
-	When the HARQ feedback is not disabled, an uplink resource will be always needed for HARQ ACK feedback. Considering HD-FDD processing for IoT UEs, always-enabled HARQ ACK feedback will impact DL scheduling and resource allocation in time domain and impact DL throughput/data rate, especially for large coupling losses in the uplink that necessitate large number of repetitions in the uplink.


WID for Rel18 IoT NTN is described in [2].  
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers existing IoT-NTN as baseline as well as Rel-17 WI outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.


This contribution discusses the issues and benefits when HARQ feedback for eMTC/NB-IoT DL transmission is disabled, as well as candidate techniques to solve the identified issues. 
Discussion
Issues & benefits
Disabling HARQ feedback for DL transmission has been discussed during Rel-17 SI [1]. Some benefits of doing so have been identified, which include:
1. Avoidance of HARQ stalling due to a long round-trip time. Even with data repetitions in eMTC and NB-IoT, the transmission time of available HARQ processes still cannot fill up the the round trip propagation time between the UE and eNB, causing HARQ stalling and limiting UE throughput in normal HARQ operation. Although it has been pointed out that the eNB may schedule a new transport block without waiting for the ACK/NACK to arrive, it can not provide similer effect as HARQ feedback disabling..
2. UE may save the power of HARQ feedback transmission.
3. More UL data transmission could be scheduled on the resource that would have been used for HARQ feedback, resulting in higher UL throughput.
4. For half-duplex UE, more DL scheduling opportunity is created without HARQ feedback in the UL, which may increase DL throughput. 
The downlink throughput is analyzed when HARQ feedback is disabled. When feedback is disabled, it is assumed that eNB keeps transmitting the new data to UE without HARQ stalling, and UE is successfully decoding every received data in the best case. We compare the throughput results to a baseline where half-duplex mode is used by Rel-14 NB-IoT UE supporting 2 HARQ processes [3]. The throughput is calculated for the different MCLs including 144, 154, and 164 dB as shown in Table 1. 
Table 1. DL throughtput (in kbps) comparison when HARQ feedback is enabled and disabled
	Scenarios
	MCL = 144 dB
	MCL = 154 dB
	MCL = 164 dB

	
	Feedback enabled
	Feedback disabled
	Feedback enabled
	Feedback disabled
	Feedback enabled
	Feedback disabled

	GEO
	2.39
	34.00
	2.28
	14.78
	1.44
	2.04

	LEO (1200km)
	19.78
	34.00
	12.83
	14.78
	1.70
	2.04

	LEO (600km)
	25.77
	34.00
	12.83
	14.78
	1.70
	2.04


The throughput gain in GEO scenarios is mainly due to elimination of HARQ stalling, while in LEO 600 km scenarios the gain is due to more scheduling opportunities from the omitted ACK/NACK transmission. We can observe that the throughput is greater than the UE experienced data rate of 2 kbps [4] even for 164 dB MCL when HARQ feedback is disabled. Thus, by disabling HARQ feedback, the requirement of the UE experienced data rate in NTN scenarios can be satisfied in some case. 
Observation 1: Disabling HARQ feedback for DL transmission can improve the downlink throughput. 
However, when HARQ feedback is disabled for DL transmission, there will be adverse impacts to the system that need to be mitigated. Some issues we expect are as follows.
1. The eNB may not know if MAC CE or RRC signaling have been received by UE. 
If an UE has multiple DL HARQ processes and not all processes are feedback disabled, control messages may be sent over a feedback-enabled process. But for NB-IoT devices with only one HARQ process, disabling HARQ feedback will prevent the eNB from knowing if a control message has been received by the UE.
2. RLC retransmission is less resource efficient and takes longer time. 
If BLER is high at PHY, the network will need to expend more resources for reliable data delivery by RLC retransmission and the data latency will increase as well. To avoid this situation, the eNB has to use conservative MCS to target for a low BLER, resulting in a lower spectral efficiency.
3. The eNB may not have sufficient information for link adaptation.
HARQ feedback is widely used by the eNB to adjust MCS and resource allocation. For LEO or MEO NTN, path loss will change over time due to satellite movement, the reported CSI or downlink channel condition may become out of date during the connection time. Without HARQ feedback, DL transmission may not be adaptive to the change of propagation loss, leading to either waste of resources or unreliable delivery of DL data.  
Observation 2: Disabling HARQ feedback for DL transmission has some drawbacks, which include 1) network not getting acknowledgement of MAC CE or RRC signal, 2) more resource and higher latency with RLC retransmission, 3) network has no feedback for link adaptation.
The above mentioned issues when HARQ feedback disabled need to be studied and mitigated to ensure an acceptable system performance for IoT over NTN. Characteristics of IoT devices such as low complexity, low power consumption, infrequent data traffic, and massive deployment should be taken into consideration.
Proposal 1: RAN1 studies the impacts of HARQ feedback disabling in eMTC and NB-IoT over NTN, taking into consideration the characteristics of of IoT devices.
Candidate solutions
[bookmark: _Hlk87092729]HARQ Feedback Disabling
In Rel-17 NR-NTN, HARQ feedback for DL transmission is semi-statically configured on a per HARQ process basis, according the agreement in RAN1#102e [5]: “Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling.” This agreement in NR NTN can be used as a baseline for HARQ feedback disabling in IoT NTN. 
Proposal 2: RRC configuration of HARQ feedback per HARQ process for DL transmission is used as a baseline for IoT NTN. 
For IoT devices with two or more HARQ processes, the network can configure at least one process with feedback enabled to support acknowledgement of control messages and reliable data transmissions. However, for NB-IoT devices with only one HARQ process, the network will not get acknowledgement of signaling messages if HARQ feedback is disabled. For those devices, switching between feedback enabled and feedback disabled may be considered in order to provide throughput and power saving benefits for the UE and ensure reliable delivery of control messages. 
Proposal 3: RAN1 studies switching of HARQ feedback enabling/disabling for IoT NTN.
Furthermore, since Rel-15 NB-IoT UE can piggyback scheduling request (SR) with HARQ-ACK on NPDSCH using RRC configured resource. If HARQ feedback is disabled, NB-IoT UE will need to transmit the SR on NPRACH. For NTN, where the cell coverage is much larger than in terrestrial network, disabling HARQ feedback may impact the capacity of NPRACH. 
Observation 3: When HARQ feedback is disabled, scheduling request from NB-IoT UE may impact NPRACH capacity.
Proposal 4: RAN1 studies the impact of NB-IoT scheduling request when HARQ feedback is disabled. 
Blind retransmission
When HARQ feedback is disabled for DL transmission, the network needs to select MCS conservatively with higher resource allocation to achieve a low BLER so as to avoid RLC retransmission which would consume more resource and incur a longer delay. For eMTC and NB-IoT, more repetitions can be used for one transport block to ensure a low BLER. But a large number of repetitions will take more time to transmit and more energy on the UE side to receive the data.
Observation 4: When HARQ feedback is disabled for eMTC/NB-IoT DL transmission, more repetitions are required, which results in higher UE power consumption and higher latency.
One way to mitigate this problem is through scheduling. The eNB can schedule two PDSCH for the same transport block, i.e. scheduling retrnasmisison without waiting for HARQ feedback. The first PDSCH contains enough repetitions for a good chance of successful decoding, e.g., 10% BLER, and the second PDSCH provides additional repetitions for the desired reliability. If the UE can successfully decode the first PDSCH, it can ignore the second PDSCH (indicated by a DCI with NDI bit untoggled) and save energy. While if the UE fails to decode the first PDSCH, it can go on the receive the second PDSCH, and the combined repetitions will allow a reliable decoding of the TB. There may be other blind retransmission scheme that would benefit UE power consumption, improve spectral efficiency or data latency.
Proposal 5: RAN1 studies blind retransmission for UE power saving, spectral efficiency, or latency improvement when HARQ feedback is disabled.  
Additional feedback
As discussed in Section 2.1, HARQ feedback is used to correct misaligned MCS and adapt to channel condition changes. If feedback is disabled in HARQ processes, the eNB will lose the feedback information required for link adapation. 
Observation 5: Disabling HARQ feedback may adversely impact the link adaptation operation for NB-IoT and eMTC.
To maintain a satisfactory link performance, some long-term feedback can be considered. For instance, bundling of HARQ ACK/NACK for a certain number of transmissions, or indication of BLER exceeding a desired threshold, etc. Such approaches will limit the signaling overhead, but still provide some information for the base station to perform link adaptation.
Proposal 6: When HARQ feedback is disabled, alternative long-term feedback can be considered to facilitate link adapation for NB-IoT/eMTC in NTN. 
Serving cell change during data transfer
As discussed in [6] the support for long connections may result in some uplink/downlink transmissions, relying on repetitions, require longer transfer time than what can be provided by a single cell. For example, uplink transmissions in 3.75 kHz and 15 kHz SCS can consume about 40 s and 10 s, respectively, while the maximum coverage time in a single cell can be 6 s and 30 s for sets 1 and 3, respectively. Thus, there is a need for RAN1 to consider this issue and discuss whether the HARQ process can continue from one cell to the other. When considering the transparent satellite scenario the eNB would remain the same in the case of intra-satellite mobility, which would be the case occurring more frequently.
Proposal 7: RAN1 to discuss the issue of repetition continuation for a HARQ process between two NTN cells.  
[bookmark: _Hlk68691077]Conclusion
In this contribution, we discussed disabling of HARQ feedback for NB-IoT/eMTC over NTN, our observations and proposals are presented as following:
Observation 1: Disabling HARQ feedback for DL transmission can improve the downlink throughput. 
Observation 2: Disabling HARQ feedback for DL transmission has some drawbacks, which include 1) network not getting acknowledgement of MAC CE or RRC signal, 2) more resource and higher latency with RLC retransmission, 3) network has no feedback for link adaptation.
Observation 3: When HARQ feedback is disabled, scheduling request from NB-IoT UE may impact NPRACH capacity.
Observation 4: When HARQ feedback is disabled for eMTC/NB-IoT DL transmission, more repetitions are required, which results in higher UE power consumption and higher latency.
Observation 5: Disabling HARQ feedback may adversely impact the link adaptation operation for NB-IoT and eMTC.
Proposal 1: RAN1 studies the impacts of HARQ feedback disabling in eMTC and NB-IoT over NTN, taking into consideration the characteristics of of IoT devices.
Proposal 2: RRC configuration of HARQ feedback per HARQ process for DL transmission is used as a baseline for IoT NTN. 
Proposal 3: RAN1 studies switching of HARQ feedback enabling/disabling for IoT NTN.
Proposal 4: RAN1 studies the impact of NB-IoT scheduling request when HARQ feedback is disabled. 
Proposal 5: RAN1 studies blind retransmission for UE power saving, spectral efficiency, or latency improvement when HARQ feedback is disabled.
Proposal 6: When HARQ feedback is disabled, alternative long-term feedback can be considered to facilitate link adapation for NB-IoT/eMTC in NTN. 
Proposal 7: RAN1 to discuss the issue of repetition continuation for a HARQ process between two NTN cells. 
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