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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
DRX operation with single HARQ process
Last meeting [2] there were discussions on how to handle the fact that it would be difficult to deal with an NB-IoT with a single HARQ process with the HARQ process turned off. 
1. RAN2 agree to take R17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process with DL HARQ feedback disabled, the UE will not start the corresponding DL HARQ RTT timer.

1. For NB-IoT NTN with single HARQ process when the HARQ feedback is disabled, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception (can still check whether the alternative to set the HARQ RTT timer to 0 also works)

In NB-IoT, when HARQ RTT expires, the following is specified:
---------------- 36.321 V17.2.0 [3] ----------------
When DRX is configured, the MAC entity shall for each subframe:
-	if a HARQ RTT Timer expires in this subframe:
-	if the data of the corresponding HARQ process was not successfully decoded:
-	start the drx-RetransmissionTimer or drx-RetransmissionTimerShortTTI for the corresponding HARQ process;
-	if NB-IoT:
-	if lower layers had indicated multiple TBs were scheduled for the associated expired HARQ RTT Timer:
-	start or restart drx-InactivityTimer when all HARQ RTT Timers have expired;
-	else:
-	start or restart the drx-InactivityTimer.
-	if an UL HARQ RTT Timer expires in this subframe:
-	start the drx-ULRetransmissionTimer or drx-ULRetransmissionTimerShortTTI for the corresponding HARQ process.
-	if NB-IoT:
-	if lower layers had indicated multiple TBs were scheduled for the associated expired HARQ RTT Timer:
-	start or restart drx-InactivityTimer when all HARQ RTT Timers have expired;
-	else:
-	start or restart the drx-InactivityTimer.
---------------- 36.321 V17.2.0 [3] ----------------
If the HARQ RTT Timer is set to zero instead of not being started, this means that the drx-RetransmissionTimer will be started, which should not be started if the HARQ process is turned off. This is also in line with operation in NR NTN [4]. 
Proposal 1: HARQ RTT timer is not set to 0 for the case of a single HARQ process is turned off.
For enabling the UE to be reachable, there can be multiple alternatives:
· Continuing or restarting (not stopping) drx-InactivityTimer and not stopping onDurationTimer – similar as for LTE-M.
· Starting drx-InactivityTimer in the subframe containing the last repetition. 

In this case we think that drx-InactivityTimer can be started in the subframe containing the last repetition. 
Proposal 2: Confirm that drx-InactivityTimer is started in the subframe containing the last repetition.

HARQ RTT timers for multi TB scheduling
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:
----------------- 36.321 V17.2.0 [3] -----------------
-	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;
----------------- 36.321 V17.2.0 [3] -----------------
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, but RAN2 defines the DRX operation. 
Proposal 3: Only HARQ RTT timers that have HARQ feedback enabled are to be started in a multiple TB transmission.
Furthermore, after a HARQ RTT Timer expires, the following is specified:
---------------- 36.321 V17.2.0 [3] ----------------
When DRX is configured, the MAC entity shall for each subframe:
-	if a HARQ RTT Timer expires in this subframe:
-	if the data of the corresponding HARQ process was not successfully decoded:
-	start the drx-RetransmissionTimer or drx-RetransmissionTimerShortTTI for the corresponding HARQ process;
-	if NB-IoT:
-	if lower layers had indicated multiple TBs were scheduled for the associated expired HARQ RTT Timer:
-	start or restart drx-InactivityTimer when all HARQ RTT Timers have expired;
-	else:
-	start or restart the drx-InactivityTimer.
---------------- 36.321 V17.2.0 [3] ----------------
If only certain HARQ RTT timers have started, then “all” HARQ RTT Timers should not be started. Thus our proposal is that for multiple TB when HARQ is not configured for some HARQ processes, the drx-InactivityTimer is started individually. 
Proposal 4: For multiple TB scheduling with the HARQ process turned off, the drx-InactivityTimer is started individually.
Blind retransmission
Last meeting the following was agreed:
Working Assumption: 
1. Blind retransmission can be used in IoT NTN when HARQ feedback is disabled and when HARQ mode B is used (RAN2 assumes there is no spec change for this)

Blind retransmissions were discussed in NR NTN extensively in Release 17. The use case of blind retransmissions in NR NTN is stronger as the coverage of NR is expected to be less compared to LTE IoT due to several reasons, including mandatory support for repetitions in LTE IoT. This means that the use of blind retransmissions is not as clear compared to repetitions. 
With properly functioning DRX timers, which is partly done by ensuring that DRX timers keep running after DL and UL transmissions, and correct DRX timer configuration, we believe that blind retransmissions can be allowed 
Proposal 5: Working assumption on blind retransmission can be confirmed with proper DRX functionality.
Conclusion
In this contribution we discussed issues related to HARQ enhancements for IoT NTN. 
Proposal 1: HARQ RTT timer is not set to 0 for the case of a single HARQ process is turned off.
Proposal 2: Confirm that drx-InactivityTimer is started in the subframe containing the last repetition.
Proposal 3: Only HARQ RTT timers that have HARQ feedback enabled are to be started in a multiple TB transmission.
Proposal 4: For multiple TB scheduling with the HARQ process turned off, the drx-InactivityTimer is started individually.
Proposal 5: Working assumption on blind retransmission can be confirmed with proper DRX functionality.
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