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Introduction
A new work item on IoT NTN enhancements was agreed for Rel-18. An objective of this work item is to improve performance of Rel-17 IoT, with work in Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome. Specific objectives are listed below [1]:
· 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]
RAN1 has agreed to down-select further among following options for enabling/disabling of HARQ feedback for downlink transmission in RAN1 #110 [2]:
Agreement
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling.
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field).
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above.

Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above

Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, at least the following UE behavior(s) can be considered:
· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 
· X =12
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12
Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes)

In this contribution, we discuss further on the remaining options listed above for enabling/disabling DL HARQ feedback on IoT NTN.
Discussion
Disabling HARQ feedback in Rel-18 IoT NTN
The following options are on the table for further down-selection:
· Option 1: per HARQ process via UE specific RRC signaling.
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field).
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above.

Option 3 with reusing existing field enables/disables DL HARQ feedback per transmission via toggling the NDI bit in DCI. DL HARQ feedback may thus be disabled by always indicating a new transmission, causing the UE to flush HARQ buffers before confirmation that the data has been successfully received.
This solution was thoroughly discussed in NR NTN as an alternative to RRC configuration, and one reason it was not adopted is optimization of PDCCH monitoring. In NR NTN, in addition to enabling/disabling DL HARQ feedback the configuration is also used to adapt DRX active time to optimize when the UE is awake (i.e. depending on whether feedback is enabled/disabled). Based on configuration, three possible monitoring occasions are supported:
· drx-RetransmissionTimerDL is started after drx-HARQ-RTT-Timer-DL plus the UE-gNB RTT;
· drx-HARQ-RTT-Timer-DL is not started, and thus neither is drx-RetransmissionTimerDL;
· drx-RetransmissionTimerDL is started after drx-HARQ-RTT-Timer-DL (i.e. legacy behaviour applies).
By offsetting the start of drx-RetransmissionTimerDL for HARQ processes with enabled DL HARQ feedback, PDCCH monitoring is optimized to receive a DL retransmission after UE-gNB RTT. Similarly, by not starting drx-RetransmissionTimerDL for HARQ processes with disabled DL HARQ feedback, the UE may save power by avoiding unnecessary PDCCH monitoring.
DCI-based disabling does not support such adaptions to DRX behaviour, which may cause the DRX active time to be incorrectly configured. If the DRX Active time is incorrectly configured, when the network can send a subsequent DCI may be limited to when the UE is in active time via other means (e.g. via the drx-InactivityTimer). This could result in additional latency when scheduling a new transmission and additional power consumption on the UE-side.
Observation 1:	The RRC configuration to enabling/disabling DL HARQ-feedback is also used in NR NTN to optimize when UE is monitoring for PDCCH via adapting DRX active time, which is not supported via the DCI-based solution. Incorrect DRX configuration may cause additional scheduling latency and UE power consumption.
It is therefore proposed that enabling/disabling DL HARQ feedback be indicated/configured per HARQ process as opposed to per transmission, except for certain cases via new DCI field as described below.
Proposal 1:	Disabling DL HARQ feedback is configured per HARQ process (i.e., Option 3 with reusing existing field: Indication per transmission via NDI bit in DCI is not supported).
Option 4 relies on other configurations (e.g. repetition number, TBS size) to determine whether DL HARQ feedback is disabled. A key drawback to implicit indication is that it limits network flexibility to configure other parameters in order to correctly configure whether DL HARQ is enabled/disabled. For example, to ensure that DL HARQ feedback is enabled, the network may only be able to configure range of repetitions or TBS sizes. 
Observation 2:	Relying on implicit indication via other configurations can limit network flexibility when configuring other parameters (e.g. repetition number) to ensure the correct DL HARQ feedback behaviour.
If a similar solution is supported as in Rel-17 NR NTN, only one bit is required per HARQ process to configure enabling/disabling DL HARQ. Considering the small number of HARQ processes in IoT, additional overhead caused by explicit configuration is minimal.
Observation 3:	Explicit configuration would minimally increase overhead since only one bit per HARQ process is needed to indicate whether DL HARQ feedback is enabled/disabled in NR NTN.
It is therefore proposed that enabling/disabling DL HARQ feedback is explicitly configured as opposed to implicit indication via other configurations.
Proposal 2:	Disabling DL HARQ feedback is explicitly configured (i.e., Option 4: implicit determination by existing configuration is not supported).
Remaining options include enabling/disabling DL HARQ feedback per HARQ process via UE specific RRC signaling (Option 1), explicit indication using new field in DCI (Option 3 with new DCI field), and combination of those. 
For NR NTN, Option 1 has been adopted for enabling/disabling DL HARQ feedback per HARQ process, therefore it is straightforward to reuse the existing mechanism unless there is a critical issue for eMTC and NB-IoT to minimize standards efforts which is also aligned with the guidance in the WID [1]. Furthermore, RAN2 has agreed that RRC signalling is supported for at least the eMTC case.
It has been raised that Option 1 may not work for MAC-CE activation when a single HARQ process is supported for NB-IoT UE since the MAC-CE activation timing is determined based on the associated DL HARQ feedback. In this case, explicit DCI indication (Option 3) or combination of RRC configuration and DCI indication (Option 6) could address the MAC-CE activation timing issue as DCI could enable DL HARQ feedback whenever PDSCH carries MAC-CE. When multiple HARQ processes are supported, the MAC-CE activation timing issue can be simply addressed by scheduler to enable DL HARQ feedback for at least one HARQ process which is also extensively discussed in Rel-17 NR NTN. Considering that explicit DCI indication requires additional bit overhead in DCI, the use of explicit DCI indication is better to be limited to the case when a single HARQ process is supported which seems to be NB-IoT NTN.
Observation 4: No critical issue found to use Option 1 for eMTC as multiple HARQ processes are supported, thus reusing the same solution with NR-NTN seem to be straightforward for eMTC NTN, and has already been agreed for the eMTC case in RAN2.
Observation 5: For MAC-CE activation timing issue when a single HARQ process is supported for NB-IoT, Option 3 or combination of Option 1 and 3 can be considered.
It is therefore proposed that the same solution with NR-NTN is used for IoT-NTN when multiple HARQ processes are supported. When a single HARQ process is supported, explicit DCI indication using new field (i.e., Option 3 with new field) or combination of Option 1 and Option 3 can be considered.
Proposal 3:	Support Option 1 for both eMTC NTN and IoT NTN when multiple HARQ processes are supported same as in Rel-17 NR NTN.
Proposal 4: 	Consider Option 3 (with new field) or combination of Option 1 and Option 3 (with new field) for IoT NTN when a single HARQ process is supported.
Conclusion
In this contribution the following observations and proposals were made concerning enabling/disabling DL HARQ feedback in IoT NTN:
Observation 1:	The RRC configuration to enabling/disabling DL HARQ-feedback is also used in NR NTN to optimize when UE is monitoring for PDCCH via adapting DRX active time, which is not supported via the DCI-based solution. Incorrect DRX configuration may cause additional scheduling latency and UE power consumption.
Observation 2:	Relying on implicit indication via other configurations can limit network flexibility when configuring other parameters (e.g. repetition number) to ensure the correct DL HARQ feedback behaviour.
Observation 3:	Explicit configuration would minimally increase overhead since only one bit per HARQ process is needed to indicate whether DL HARQ feedback is enabled/disabled in NR NTN.
Observation 4: No critical issue found to use Option 1 for eMTC as multiple HARQ processes are supported, thus reusing the same solution with NR-NTN seem to be straightforward for eMTC NTN, and has already been agreed for the eMTC case in RAN2.
Observation 5: For MAC-CE activation timing issue when a single HARQ process is supported for NB-IoT, Option 3 or combination of Option 1 and 3 can be considered.

Proposal 1:	Disabling DL HARQ feedback is configured per HARQ process (i.e., Option 3: Indication per transmission via NDI bit in DCI is not supported).
Proposal 2:	Disabling DL HARQ feedback is explicitly configured (i.e., Option 4: implicit determination by existing configuration is not supported).
Proposal 3:	Support Option 1 for both eMTC NTN and IoT NTN when multiple HARQ processes are supported same as in Rel-17 NR NTN.
Proposal 4: 	Consider Option 3 (with new field) or combination of Option 1 and Option 3 (with new field) for IoT NTN when a single HARQ process is supported.
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