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Introduction
In RAN#96e, RAN approved a Revised Rel-18 WID on IoT NTN enhancements. In the WI objectives [1]: 
	The work item aims to specify further enhancements for E-UTRA (LTE-RAN) based NTN (non-terrestrial networks) according to the following assumptions:
-	GEO and NGSO (LEO and MEO).
-	Earth fixed Tracking area. Earth fixed & Earth moving cells for NGSO
4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN 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.



In this contribution we discuss issues related to HARQ enhancements for IoT NTN.
Discussion
In RAN2#119-e the following agreement was reached [2]:
Agreements:
1. Disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN. FFS on UE capability
2. For UL HARQ operation, introduce two HARQ modes, i.e., HARQ mode A and HARQ mode B in IoT NTN (both NB-IoT and eMTC NTN), similarly to NR NTN
3. From RAN2 perspective, at least for eMTC, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signalling. FFS for NB-IoT (and especially for CP solution for NB-IOT).




On UL HARQ
For UL HARQ operation, it was agreed that two HARQ modes shall be introduced. In NR NTN the HARQ mode controls both how the DRX timers are handled as well as LCP by restricting certain radio bearers from using HARQ processes with a certain HARQ mode. To remain consistent with NR NTN, we think that at least for LTE-M, the HARQ modes should be introduced for both controlling the DRX timers as well as the LCP operation. 
Proposal 1: For LTE-M, UL HARQ mode is introduced both to support controlling DRX timers and LCP operation.
For NB-IoT the reasoning might be different. In NB-IoT with CP solution, which is the most common and important option, data and signalling are carried over the same radio bearer, which means that LCP cannot perform prioritization between data and control signalling. Thus it is suggested that for NB-IoT, there is no need to introduce LCP restrictions and the HARQ modes are only need to control the DRX timers. 
Proposal 2: For NB-IoT, UL HARQ mode is introduced to support controlling DRX.
Proposal 3: For NB-IoT LCP restrictions are not introduced.

HARQ RTT timers
In NR NTN, downlinkHARQ-FeedbackDisabled is used to decide whether to start the HARQ-RTT-TimerDL-NTN and the HARQ mode A or B is used for starting the HARQ-RTT-TimerUL-NTN. And these are done both for scheduled and non-scheduled transmissions (SPS or CG). For downlink, if the timer is started it is started in the first symbol after the DL HARQ feedback. In the uplink, if the timer is started it is started after the first transmission within a bundle. The duration of the timers are configurable using RRC. 
This can be seen in [3]:
------------ 38.321 ------------
2>	if the PDCCH indicates a DL transmission; or
2>	if the PDCCH indicates a one-shot HARQ feedback as specified in clause 9.1.4 of TS 38.213 [6]; or
2>	if the PDCCH indicates a retransmission of HARQ feedback as specified in clause 9.1.5 of TS 38.213 [6]:
3>	if this Serving Cell is configured with downlinkHARQ-FeedbackDisabled:
4>	if the corresponding HARQ process is configured with HARQ feedback enabled:
5>	set HARQ-RTT-TimerDL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerDL plus the latest available UE-gNB RTT value;
5>	start the HARQ-RTT-TimerDL-NTN for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
3>	else:
4>	start or restart the drx-HARQ-RTT-TimerDL for the corresponding HARQ process(es) whose HARQ feedback is reported in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
------------ 38.321 ------------
------------ 38.321 ------------
2>	if the PDCCH indicates a UL transmission:
3>	if this Serving Cell is configured with uplinkHARQ-Mode:
4>	if the corresponding HARQ process is configured as HARQModeA:
5>	set HARQ-RTT-TimerUL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerUL plus the latest available UE-gNB RTT value;
5>	start the HARQ-RTT-TimerUL-NTN for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
3>	else:
4>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
------------ 38.321 ------------
For NB-IoT and LTE-M, the corresponding timers are the HARQ RTT timer and UL HARQ RTT timer. For single transport block (TB) the HARQ RTT timer is started after the last repetition, but the value of the HARQ RTT timer is extended to cover sending DL HARQ feedback. In the uplink the UL HARQ RTT timer is started after the last repetition of the transmission [4]:
------------ 36.321 ------------
-	if the PDCCH indicates an UL transmission for an asynchronous HARQ process or if an UL grant has been configured for an asynchronous HARQ process for this subframe, or if the PDCCH indicates an UL transmission for an autonomous HARQ process or;
-	if the uplink grant is a configured grant for the MAC entity's AUL C-RNTI and if the corresponding PUSCH transmission has been performed in this subframe:
-	if mpdcch-UL-HARQ-ACK-FeedbackConfig is not configured:
-	if lower layers have indicated scheduling of transmission of multiple TBs:
-	start the UL HARQ RTT Timers for all scheduled HARQ processes in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB;
-	else:
-	start the UL HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission;
------------ 36.321 ------------
------------ 36.321 ------------
-	if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:
-	if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:
-	if lower layers have indicated scheduling of transmission of multiple TBs:
-	start the HARQ RTT Timers for all HARQ processes corresponding to the scheduled TBs in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB;
-	else:
-	start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception;
-	else:
-	start the HARQ RTT Timer for the corresponding HARQ process;
------------ 36.321 ------------
To summarize, in NR the HARQ RTT timers start after first slot of the repetitions and the durations are configurable and in LTE starts after the repetitions and durations are calculated in MAC spec. Given IoT has introduced the possibility of scheduling a large amount of repetitions, this would function well for LTE-M and NB-IoT for single TB scheduling. 
Proposal 4: The starting time of HARQ RTT timers in LTE-M and NB-IoT for single TB does not need to change for NTN.
Multiple TB scheduling has been introduced for LTE-M and NB-IoT and can make the scheduling more efficient. In this case the starting of the HARQ RTT timers for all of the HARQ processes start at the end of all the repetitions. For HARQ RTT timers, the durations of the timers also account for the number of PUCCH transmissions and their associated number of repetitions. 
Since it was agreed that downlink HARQ feedback can be disabled as in NR NTN, the part of starting the HARQ RTT timers for “all scheduled HARQ processes” may need consideration by RAN2. RAN1 is working on how HARQ feedback is sent in case certain HARQ processes are switched off, which might affect the duration of the DL HARQ RTT timer.  
Proposal 5: RAN2 to consider how HARQ RTT timers should be adjusted for multiple TB scheduling.
One example how to adjust the HARQ RTT timers for optimal performance is not to start them at the end of the transport blocks, but rather after each and every transport block in the multiple TB transmissions. This is particularly important in NTN where the propagation delays may cause loss of throughput if starting HARQ RTT timers after all of the transport blocks having been transmitted. 

Figure 1. a) starting UL HARQ timer as in 36.321 for multiple TBs, b) starting UL HARQ timer after first TB in multiple TB PUSCH transmission. 
Proposal 6: HARQ RTT timers to be started after each individual TB or DL HARQ feedback in a multiple TB transmission.

Configurability
One of the FFSs in the agreements taken in RAN2#119-e concerns configurability of HARQ for NB-IoT. However, AS capabilities may be delivered to eNB even in CBP-solution according to [5]:
E-UTRAN initiates the procedure to a UE in RRC_CONNECTED when it needs (additional) UE radio access capability information. Except if the UE is using Control plane CIoT EPS optimisation, E-UTRAN should retrieve UE capabilities only after AS security activation and E-UTRAN does not forward capabilities that were retrieved before AS security activation to the CN.
An eNB may also retrieve AS capabilities of the UE from the MME [6]:
In NB-IoT, for a UE that supports Control Plane CIoT EPS optimisations, as defined in TS 24.301 [20], the eNB, based on configuration, may retrieve the UE Radio capability from the MME upon reception of RRC Connection Request as defined in TS 23.401 [17], clauses 5.3.4B.2 and 5.3.4B.3.
Thus there are no reasons not to support HARQ disabling for NB-IoT, especially since the connection times will be longer, further motivating retrieving AS capabilities for more efficient data transmissions. 
Proposal 7: eNB configures HARQ for NB-IoT using capabilities from UE or from MME, as in normal NB-IoT operation.

Conclusion
In this contribution we discussed issues related to HARQ enhancements for IoT NTN. 
Proposal 1: For LTE-M, UL HARQ mode is introduced both to support controlling DRX timers and LCP operation.
Proposal 2: For NB-IoT, UL HARQ mode is introduced to support controlling DRX.
Proposal 3: For NB-IoT LCP restrictions are not introduced.
Proposal 4: The starting time of HARQ RTT timers in LTE-M and NB-IoT for single TB does not need to change for NTN.
Proposal 5: RAN2 to consider how HARQ RTT timers should be adjusted for multiple TB scheduling.
Proposal 6: HARQ RTT timers to be started after each individual TB or DL HARQ feedback in a multiple TB transmission.
Proposal 7: eNB configures HARQ for NB-IoT using capabilities from UE or from MME, as in normal NB-IoT operation.
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