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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]
This document discusses enabling/disabling DL HARQ feedback in IoT NTN. An analysis of different methods agreed in RAN1#109e is presented, and it is proposed that Option 1: disabling DL HARQ feedback per HARQ process via RRC configuration be adopted. 
Release-17 non-terrestrial networks
NTN deployment scenarios
Rel-17 NTN deployment scenarios are generally classified by three characteristics: 1) the satellite payload configuration; 2) the satellite orbit; and 3) the service link type. Currently NR only supports a transparent payload configuration, where an NTN payload (satellite) forwards the radio protocol received from the UE (via the service link) to the NTN gateway (via the feeder link) and vice-versa. 
Two orbital classfications are supported: Geosynchronous orbit (GSO) and Non-Geosynchronous orbit (NGSO). NGSO orbits include Low Earth Orbit at altitude between approximately 300 km and 1500 km, and Medium Earth Orbit at altitude between approximately 7000 km and 25000 km. GSO altitudes are relatively fixed at approximately 35786km. Round trip propagation delays range from approximately 25.77ms for NGSO at 600km, to 541.46ms for GSO.
Three types of service links are supported:
· Earth-fixed: provisioned by beam(s) continuously covering the same geographical areas all the time;
· Quasi-Earth-fixed: provisioned by beam(s) covering one geographic area for a limited period and a different geographic area during another period;
· Earth-moving: provisioned by beam(s) whose coverage area slides over the Earth surface.
For NGSO satellites, the gNB can provide either quasi-Earth-fixed cell coverage or Earth-moving cell coverage, while gNB operating with GSO satellite can provide Earth fixed cell coverage. Typical beam footprint diameters for NGSO deployments range in diameter from 100 – 1000 km, and GEO deployments range from 200 – 3500 km diameter.
Disabling HARQ feedback in Rel-17 NTN
NR NTN supports enabling/disabling DL HARQ feedback per HARQ processes via RRC configuration of downlinkHARQ-FeedbackDisabled. Due primarily to time limitations, enabling/disabling DL HARQ feedback in IoT NTN is not supported in Rel-17.

Release 18
Initial discussions occurred in RAN1 #109-e regarding enabling/disabling DL HARQ feedback in IoT NTN. Based on discussion conclusions, the following options have been captured as candidate solutions [2]:
	Agreement
For IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, one or more of the following options can be considered:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)
· Option 5: per HARQ process via MAC CE
· Other options or combinations are not excluded
Note: Option(s) for eMTC and NBIoT can be separately discussed.



The following section provides an analysis of each method, concluding that Option 1 is the preferred method to disable DL HARQ feedback in IoT NTN, same as in Rel-17 NR NTN.
Disabling HARQ feedback in Rel-18 IoT NTN
Option 2 enables/disables DL HARQ feedback in a broadcast manner. In this case, an indication is provided (e.g. in the NTN-specific SIB31/32) to enable/disable DL HARQ feedback per HARQ process for all UEs served by the cell. 
Applying a uniform configuration to all UEs within a cell does not consider the UE-specific traffic characteristics or channel conditons (e.g. some UEs may require additional reliability in transmission than others), nor may it differentiate between eMTC and NB-IoT UEs. This is especially important in NTN considering the large cell sizes in NTN, where coverage characteristics of UEs at cell edge vs. cell center may vary significantly (hence the need for a coverage enahancement objective in Rel-18 NTN). 
Furthermore, changing the configuration may trigger SI modification, and UE behaviour during this period is unclear. For example, would a UE need to suspend DL reception until updated SI is acquired? If not, then a may UE potentially apply the wrong configuration for transmissions until SI is re-aquired.
Observation 1:	Enabling/disabling DL HARQ feedback via broadcast signaling does not consider UE-specific circumstances (e.g. channel quality, transmission reliability). If configuration changes, UE behaviour during SI modification period is unclear.
The network may overcome such limitations by providing a dedicated configuration which overrides the SIB indication, however this would require additional solutions to be adopted. To avoid redundant specification work, it is proposed that disabling DL HARQ feedback be performed in a UE-specific manner.
Proposal 1:	Disabling DL HARQ feedback is UE-specific (i.e., Option 2: disabling DL HARQ feedback via SIB signalling is not supported).
Option 3 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 2:	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.
Proposal 2:	Disabling DL HARQ feedback is configured per HARQ process (i.e., Option 3: 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 3:	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 4:	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 3:	Disabling DL HARQ feedback is explicitly configured (i.e., Option 4: implicit determination by existing configuration is not supported).
Remaining options from RAN1 #109-e include enabling/disabling DL HARQ feedback per HARQ process via UE specific RRC signaling (Option 1), and via MAC CE (Option 5). Although adaptation via MAC CE is slightly faster than RRC reconfiguration, such a solution would require additional specification effort for both RAN1 and RAN2 to define a new MAC CE. Also, adaptation to improve transmission reliability can already be achieved via other means (e.g. by increasing the repetition number).
Observation 5:	Defining a new MAC CE would require additional specification effort for both RAN1 and RAN2, and reliability adaptation can already be achieved via other means (e.g. by configuring additional repetitions).
Although LTE and IoT-specific differences must be studied, the specification impacts of RRC-based configuration are already largely known and accounted for. Considering the WID explicitly states that work shall consider Rel-17 NTN solutions, it is proposed that the same RRC-based solution be adopted in IoT NTN.
Proposal 4:	Disabling DL HARQ feedback is configured per HARQ process via RRC (i.e. support  Option 1) same as in Rel-17 NR NTN.


Conclusion
In this contribution the following observations and proposals were made concerning enabling/disabling DL HARQ feedback in IoT NTN:
Observation 1:	Enabling/disabling DL HARQ feedback via broadcast signaling does not consider UE-specific circumstances (e.g. channel quality, transmission reliability). If configuration changes, UE behaviour during SI modification period is unclear.
Observation 2:	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 3:	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 4:	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 5:	Defining a new MAC CE would require additional specification effort for both RAN1 and RAN2, and reliability adaptation can already be achieved via other means (e.g. by configuring additional repetitions).
Proposal 1:	Disabling DL HARQ feedback is UE-specific (i.e., Option 2: disabling DL HARQ feedback via SIB signalling is not supported).
Proposal 2:	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 3:	Disabling DL HARQ feedback is explicitly configured (i.e., Option 4: implicit determination by existing configuration is not supported).
Proposal 4:	Disabling DL HARQ feedback is configured per HARQ process via RRC (i.e. support  Option 1) same as in Rel-17 NR NTN.
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