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1. Introduction
The WI on IoT NTN enhancements [1] includes the following objectives for performance enhancement: 

	-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]



In this contribution we discuss the potential impact.
2. Background
2.1	Disabled DL HARQ feedback in Rel-17 NR NTN

To mitigate the impact of large propagation delay, Rel-17 NR NTN supports disabling DL HARQ feedback per HARQ process via configuration of downlinkHARQ-FeedbackDisabled. The UE will not transmit DL HARQ feedback if downlinkHARQ-FeedbackDisabled is configured and indicates the respective HARQ process has DL HARQ feedback disabled. Otherwise, (e.g. if downlinkHARQ-FeedbackDisabled is not configured, or the HARQ processes is configured with DL HARQ feedback enabled), the UE will transmit DL HARQ feedback.

Configuration of downlinkHARQ-FeedbackDisabled is also used to adapt when drx-RetransmissionTimerDL is started for a HARQ process, which can be summarized as follows:
· If downlinkHARQ-FeedbackDisabled is configured and DL HARQ feedback is enabled for the HARQ process, drx-RetransmissionTimerDL is started after drx-HARQ-RTT-Timer-DL plus the UE-gNB RTT;
· If downlinkHARQ-FeedbackDisabled is configured and DL HARQ feedback is disabled for the HARQ process, drx-HARQ-RTT-Timer-DL is not started, and thus neither is drx-RetransmissionTimerDL;
· If downlinkHARQ-FeedbackDisabled is not configured, legacy behaviour applies.
By offsetting the start of drx-RetransmissionTimerDL for HARQ processes with enabled DL HARQ feedback, DRX active time is optimized to receive a DL retransmission. Similarly, by not starting drx-RetransmissionTimerDL for HARQ processes with disabled DL HARQ feedback, the UE may save power by avoiding unnecessary monitoring.
2.2	HARQ for NB-IoT/eMTC

Asynchronous HARQ is used in uplink for NR, however in LTE uplink HARQ can be synchronous or asynchronous: 
· For asynchronous HARQ, the network may schedule any HARQ process by indicating a HARQ process ID in the DCI scheduling the HARQ transmission. The DCI further indicates whether a new transmission or a retransmission is scheduled for that HARQ process via the NDI bit. 
· For synchronous HARQ, the HARQ process is determined via uplink timing. For example, when 8 HARQ processes are configured, a given HARQ process will transmit every 8ms (TTIs). Whether a MAC PDU can be (re)transmitted depends on the PHICH, which carries HARQ ACK/NACK information for PUSCH transmissions. 
For eMTC and NB-IoT, uplink HARQ operation is asynchronous except for repetitions within a bundle. The number of UL repetitions in a bundle is given by parameter UL_REPETITION_NUMBER, and is set (per bundle) via indication from lower layers. The UL bundling operation has the following characteristics:
· The bundling operation uses the same HARQ process for each transmission belonging to the same bundle; 
· Within a bundle, HARQ retransmissions are non-adaptive and triggered without waiting for HARQ feedback for previous transmissions. 
· An uplink grant corresponding to a new transmission or a retransmission of the bundle is only received after the last repetition of the bundle. 
· A retransmission of a bundle is also a bundle.
Similarly, in the DL the parameter DL_REPETITION_NUMBER provides the number of transmissions repeated in a bundle and is also set per bundle by lower layers. The DL bundling operation has the following characteristics:
· Within a bundle, after the initial (re)transmission, DL_REPETITION_NUMBER-1 HARQ retransmissions follow. 
· HARQ feedback is transmitted for the bundle 
· A downlink assignment corresponding to a new transmission or retransmission of the bundle is received after the last repetition of the bundle. 
· A retransmission of a bundle is also a bundle.
3. Discussion
Disabling HARQ feedback in the context of IoT-NTN means that there will be no feedback at the end of a bundle and hence no bundle retransmissions. The UL repetitions will still be performed according to UL_REPETITION_NUMBER and the DL repetitions will still be performed according to DL_REPETITION_NUMBER.

[bookmark: _Hlk110948367]Observation 1: Disabling HARQ feedback in the context of IoT-NTN means that there will be no feedback at the end of a bundle (and hence no bundle retransmissions), however UL repetitions will still be performed according to UL_REPETITION_NUMBER and DL repetitions will still be performed according to DL_REPETITION_NUMBER.

In some cases, this may cause the bundle transmission to fail. While acceptable for services such as voice or streaming which can tolerate some packet loss, for other services such as data transfer it is not. Currently, the number of repetitions is set according to the coverage enhancement level to achieve a compromise between an excessive number of repetitions (hence resource utilisation) and residual HARQ errors (that need to be retransmitted by RLC). Getting this balance wrong will impact the data rates that can be achieved.

Observation 2: The number of repetitions is set according to the coverage enhancement level to achieve a compromise between an excessive number of repetitions (hence resource utilisation) and residual HARQ errors (that need to be retransmitted by RLC). Getting this balance wrong will impact achievable data rates.

To compensate for disabling HARQ feedback, options include: 1) increasing the number of repetitions (which significantly increases the overhead); or 2) RLC will become the main error correction mechanism instead of MAC (or some compromise configuration). Either way, this limits the UE data rates. 

By increasing the number of repetitions, we also create a bottleneck in HARQ because each HARQ process must remain in use until UL_REPETITION_NUMBER repetitions have been sent (and \the DL HARQ buffer for each process remains in use until DL_REPETITION_NUMBER). Although this may not be as significant as a very long HARQ RTT, it is not negligible.

By minimising the number of HARQ repetitions we will see an increase in the number of residual HARQ errors which then moves the bottleneck to RLC. RLC stalling may occur because the retransmission buffer in RLC needs to store all PDUs which have been transmitted but not acknowledged. 

Observation 3: Increasing the number of bundle repetitions to compensate for lack of retransmissions impacts the resource overhead and does not completely remove the bottleneck causing protocol stalling in HARQ.

Normally protocol stalling in RLC can be avoided by HARQ performing most error correction, and infrequent RLC retransmissions can be sent with reasonably small delay, coupled with the correct setting of RLC poll triggers. Disabling HARQ bundle retransmissions increases the number of RLC retransmissions needed and the possibility of the RLC retransmission or the RLC STATUS PDU being lost. If either the RLC retransmission or the RLC STATUS PDU is lost, then protocol stalling at RLC is likely (which defeats the object of reducing stalling at MAC layer).

Observation 4: Not increasing the number of repetitions to compensate for no bundle retransmissions moves the bottleneck to RLC and significantly increases the chance of protocol stalling at RLC.

A compromise approach may be needed, such that HARQ feedback is used or repetitions are increased only when necessary, to minimise the bottleneck/protocol stalling at HARQ and unnecessary retransmissions, and at the same time minimise protocol stalling at RLC. Most of the time, the number of repetitions can be relatively small (i.e. at a similar level as used for any given coverage enhancement level as in R17). However, this will cause an increased number of RLC retransmissions and therefore some transmissions need to be transmitted with higher reliability to avoid protocol stalling – RLC STATUS PDU and RLC retransmission have to be delivered with high reliability. 

For these transmissions (RLC retransmissions and STATUS PDUs) we can consider either transmitting with a higher number of repetitions in these cases (increasing the probability of successful delivery) or transmitting using a HARQ process with HARQ feedback enabled (and hence bundle retransmissions increase the probability of successful delivery).

Proposal 1: Study how to improve RLC retransmission reliability for bundle retransmission with HARQ feedback disabled.
4. Conclusion
In this contribution we discuss the potential impact of disabling HARQ feedback for IoT-NTN. The following is observed:

Observation 1: Disabling HARQ feedback in the context of IoT-NTN means that there will be no feedback at the end of a bundle (and hence no bundle retransmissions), however UL repetitions will still be performed according to UL_REPETITION_NUMBER and DL repetitions will still be performed according to DL_REPETITION_NUMBER.

Observation 2: The number of repetitions is set according to the coverage enhancement level to achieve a compromise between an excessive number of repetitions (hence resource utilisation) and residual HARQ errors (that need to be retransmitted by RLC). Getting this balance wrong will impact achievable data rates.

Observation 3: Increasing the number of bundle repetitions to compensate for lack of retransmissions impacts the resource overhead and does not completely remove the bottleneck causing protocol stalling in HARQ.

Observation 4: Not increasing the number of repetitions to compensate for no bundle retransmissions moves the bottleneck to RLC and significantly increases the chance of protocol stalling at RLC.

Based on the above observations we propose the following:

Proposal 1: Study how to improve RLC retransmission reliability for bundle retransmission with HARQ feedback disabled.
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