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1	Introduction
In this contribution, we further discuss the remaining open issues for HARQ enhancements based on the latest RAN1 and RAN2 agreements.
2	Discussion
2.1	DL DRX impact for multi-TB scheduling
[bookmark: _Hlk146468383]When multiple TBs are scheduled, for NB-IoT, drx-InactivityTimer will only be (re)started when all HARQ RTT Timers have expired. Additionally, (UL) HARQ RTT timers of HARQ processes corresponding to the scheduled TBs are started in the subframe containing the last repetition of the (PUSCH transmission) PDSCH reception of the last scheduled TB. The detailed DRX behavior on multi-TB scheduling can be found in specification as below [36.321]
	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.
…….
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;
……
if the PDCCH indicates a new transmission (DL, UL or SL):
-	except for an NB-IoT UE configured with a single DL and UL HARQ process and when PDCCH indicates the transmission is not for multiple TBs:
-	start or restart drx-InactivityTimer.
-	if the PDCCH indicates a transmission (DL, UL) for an NB-IoT UE:
-	if the NB-IoT UE is configured with a single DL and UL HARQ process; or
-	if the PDCCH indicates the transmission is for multiple TBs:
-	stop drx-InactivityTimer.




Observation 1: In legacy, when multiple TBs are scheduled for NB-IoT, the drx-InactivityTimer will only be (re)started when all HARQ RTT Timers (corresponding to all HARQ processes of the scheduled TBs) have expired.
In Rel-18, RAN1 agreed two solutions on the HARQ feedback configuration for the HARQ processes scheduled in a multiple TBs scheduling.  i.e., either the same state of HARQ feedback or mixed HARQ feedback enabled/disabled configuration can be supported.
	RAN1 Agreement​:
for NB-IoT and LTE-MTC in CE Mode B, if multiple TBs is configured, for DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI, the same indication is applied to all scheduled TBs, i.e. HARQ is enabled or disabled for all TBs.
RAN1 Agreement
For LTE-MTC/NB-IoT, for the multiple TBs scheduled by single DCI with only RRC bitmap-based solution configuration, down select one of the options at RAN1#114.
· Option 2: Support mixed HARQ feedback enabled/disabled configuration, and in case of mixed HARQ feedback enabled/disabled configuration …



If the same state of HARQ feedback is configured by network and all HARQ processes are indicated with HARQ feedback disabled, the UE will not start the corresponding DL HARQ RTT timer for all the scheduled HARQ processes. As indicated in observation 1, in this case, the NB-IoT UE will not (re)start the drx-InactivityTimer due to drx-InactivityTimer is started/restarted only when all HARQ RTT Timers have expired. Consequently, PDCCH monitoring may rely on the DRX on duration timer. Another way is as the DRX solution for NB-IoT single HARQ process, the UE shall start/restart drx-InactivityTimer for PDCCH monitoring in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH. In our understanding, the latter solution is better. Otherwise, the drx-InactivityTimer will never be started in this case.
[bookmark: _Hlk149840955]Proposal 1: For NB-IoT over NTN, if all the HARQ processes scheduled in DL multi-TB scheduling are configured with HARQ feedback disabled, the drx-inactivity timer is started/restarted in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH. 
If mixed HARQ feedback disabled/enabled is configured by network, one HARQ process can be configured with HARQ feedback disabled and the other HARQ process is configured with HARQ feedback enabled. In this case, the HARQ process with HARQ feedback enabled will trigger HARQ RTT timer running and then the per-UE drx-inactivityTimer will be restarted upon the RTT timer expiry. 
Observation 2: For NB-IoT over NTN, if one HARQ process scheduled in DL multi-TB scheduling is configured with HARQ feedback enabled and the other HARQ process is configured with HARQ feedback disabled, according to current specification the drx-inactivity timer is (re)started upon the expiry of HARQ RTT timer associated with the HARQ process with feedback enabled.
In the RAN2-123bis email discussion [1], it was proposed to further optimize the (re)start of the drx-inactivity timer. Some company proposed to introduce a new triggering of the inactivity timer restart to reduce the timer start delay therefore UE can monitor the PDCCH earlier. In our understanding, the optimization is not needed. The similar topic has been discussed in NR NTN for many meetings on whether any enhancement should be introduced to HARQ process with feedback disabled to avoid HARQ stalling. In the end, no enhancement was agreed and the scheduling of the HARQ process with feedback disabled relies on the UE being DRX Active timer via other means.  
	RAN2 Agreement for NR NTN:
· For HARQ process(es) configured with disabled HARQ feedback, blind retransmission relies on UE being in DRX Active Time via other means (i.e. drx-RetransmissionTimerDL is not started).
· For HARQ process(es) configured with disabled HARQ feedback, blind retransmission relies on UE being in DRX Active Time via other means (i.e. drx-RetransmissionTimerDL is not started).



Furthermore, for IoT NTN, the amount of PDSCH repetition is relatively high compared to NR NTN considering the large path loss between UE and satellite and the deep coverage requirement for IoT device. The impact of the delay of drx-inactivity timer start caused by HARQ RTT is even smaller compared to the NR NTN. Therefore, in this case, we don’t think any change for the operation of drx-inactivityTimer should be pursued.
Proposal 2: For NB-IoT over NTN, if one HARQ process scheduled in DL multi-TB scheduling is configured with HARQ feedback enabled and the other HARQ process is configured with HARQ feedback disabled, RAN2 does not change the operation of drx-inactivity timer. 
In RAN2-123bis meeting, RAN2 concluded that, for DL multiple TB scheduling the HARQ RTT timer for HARQ process with feedback enabled is calculated as legacy if the HARQ feedback enabled is configured by RRC. 
	RAN2 Agreement
For multiple TB scheduling with the same HARQ feedback enabled configuration at least by RRC, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.



RAN1 has agreed that, in multiple TBs scheduling and for DCI-based HARQ enabling/disabling direct indication, DCI can indicate HARQ feedback enabled for all scheduled TBs. Therefore, we understand the principle of HARQ RTT timer calculation can also be applied to DCI-based HARQ feedback indication.
Proposal 3: For multiple TB scheduling with the same HARQ feedback enabled configuration indicated by DCI, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.
For mixed HARQ feedback enabled/disabled configuration, how to calculate the HARQ RTT timer for process with HARQ feedback enabled was discussed in the email discussion [1] but not concluded during the RAN2-123bis meeting. As companies commented to Question 5 [1], RAN1 agreed that the TB(s) with disabled HARQ feedback will not contribute to the HARQ-ACK transmission. Therefore the HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated based on the number of scheduled TBs with DL HARQ feedback enabled.
Proposal 4: For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration, if HARQ-ACK bundling is not configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated based on the number of scheduled TBs with DL HARQ feedback enabled.
2.2	UL DRX impact for multi-TB scheduling
For UL multiple TB scheduling, RAN2 agreed either the same HARQ mode or different HARQ modes can be configured for the HARQ processes scheduled by multiple-TB.
	RAN2 Agreement:
For multiple UL TBs scheduling, it is up to network implementation to configure multiple TBs using HARQ processes in the same or different HARQ modes. Start time for UL HARQ RTT timer for mode A will not change



Based on that, for NB-IoT, it worth to discuss drx-inactivity timer (re)start in the case the same or different HARQ modes are configured for multiple-TB scheduling. In our understanding, the similar proposal for DL can be applied for UL.
Proposal 5: For NB-IoT over NTN, if all the HARQ processes scheduled in UL multi-TB scheduling are configured with HARQ mode B, the drx-inactivity timer is started/restarted in the subframe containing the last repetition of the corresponding PUSCH transmission plus 1 subframe plus deltaPDCCH.
Proposal 6: For NB-IoT over NTN, if one HARQ process scheduled in UL multi-TB scheduling is configured with HARQ mode A and the other HARQ process is configured with HARQ mode B, RAN2 does not change the operation of drx-inactivity timer. 
2.3	PUSCH transmission failure caused by outdated TA
For eMTC NTN, whether to enhance the TAR MAC CE transmission reliability to avoid or mitigate the outdated TA and Koffset impact in Rel-18 was discussed in email discussion [1]. There is no agreement on whether and how to address the issue due to companies have divergent views. However, we would like to point out we don’t see any reasonable technical argument from the opponents how the issue can be avoided. Therefore, we propose to have further discussion on this issue.
As explained in our paper [2], the eNB may maintain an outdated Timing Advance information if the TAR MAC CE was not transmitted to eNB successfully, especially when the MAC CE was transmitted in UL HARQ Mode B. Consequently, due to the unsuccessful TAR MAC CE transmission, the eNB would not know TA is updated/increased in UE hence the outdated TA is maintained in eNB. Therefore, the eNB has no way to update/increase its Koffset based on the outdated TA. 
One may argue that the NW can configure a larger Koffset to accommodate possible the TA change hence the outdate Koffset is not an issue. However, the motivation to introduce the TA Report MAC CE is to configure updated Koffset (e.g., configure UE specific Koffset based on the UE reported TA), hence data transmission latency can be reduced for UE located in the cell centre. In short, configuring a larger Koffset to mitigate the issue is not a reasonable solution since NW has to configure a Koffset which can cover the largest TA of all the UEs under the cell. While this solution will kill the motivation to support TA report which implies the TA report is not useful at all.
Observation 3: The outdated Koffset issue cannot be resolved by configuring a larger Koffset since it will kill the motivation and benefit of introducing the TA report MAC CE mechanism.
Furthermore, based on current specification, we believe the outdated Koffset issue will happen frequently since the TA change is a common behaviour in NTN due to flying characteristics of satellites, no matter in earth fixed cell or earth moving cell.
Observation 4: Based on current specification, the outdated Koffset issue will happen frequently in NTN.
In the end, with the increase of UE’s TA, when the UE’s actual TA is larger than (UE's outdated Koffset + 4 - UE's UL processing delay) the UE cannot perform UL transmission at all due to not enough processing time in UE in between PDCCH grant and the corresponding PUSCH transmission. (i.e., the gap between slot n in UE’s DL timing and the scheduled UL transmission slot m in the UE’s UL timing is smaller than a threshold (e.g., the UL processing delay) after UE applied it TA adjustment).
Observation 5: The outdated Koffset may cause PUSCH transmission failure in eMTC NTN.
Observation 6: The PUSCH transmission failure issue caused by unreliable TAR MAC CE transmission should be addressed. Otherwise, the benefit of introducing the TA report MAC CE mechanism cannot be achieved.
To handle the outdated Koffset thus PUSCH transmission failure due to unreliable TAR MAC CE transmission, there may have two directions for the solutions: one way is to improve the TAR MAC CE transmission robustness to avoid outdated TA at network. The other way is to mitigate the PUSCH transmission failure impact caused by the outdated TA and Koffset. In our view, the enhancement on TAR MAC CE transmission reliability should be supported at least to avoid the PUSCH transmission failure as much as possible. 
Proposal 7: The TAR MAC CE transmission reliability should be enhanced at least, to avoid PUSCH transmission failure caused by outdated TA.
To guarantee the TAR MAC CE transmission reliability, the simplest solution is that, the network ACK the transmission if network successfully decode the TAR MAC CE. For example, a new DL MAC CE can be introduced as the ACK feedback for TAR.
Proposal 8: A new DL MAC CE can be introduced to ACK the successful transmission of the TAR MA CE.
3	Conclusion
This document has made the following observations:
Observation 1: In legacy, when multiple TBs are scheduled for NB-IoT, the drx-InactivityTimer will only be (re)started when all HARQ RTT Timers (corresponding to all HARQ processes of the scheduled TBs) have expired.
Observation 2: For NB-IoT over NTN, if one HARQ process scheduled in DL multi-TB scheduling is configured with HARQ feedback enabled and the other HARQ process is configured with HARQ feedback disabled, according to current specification the drx-inactivity timer is (re)started upon the expiry of HARQ RTT timer associated with the HARQ process with feedback enabled.
Observation 3: The outdated Koffset issue cannot be resolved by configuring a larger Koffset since it will kill the motivation and benefit of introducing the TA report MAC CE mechanism.
Observation 4: Based on current specification, the outdated Koffset issue will happen frequently in NTN.
Observation 5: The outdated Koffset may cause PUSCH transmission failure in eMTC NTN.
Observation 6: The PUSCH transmission failure issue caused by unreliable TAR MAC CE transmission should be addressed. Otherwise, the benefit of introducing the TA report MAC CE mechanism cannot be achieved.
And proposed the following:
Proposal 1: For NB-IoT over NTN, if all the HARQ processes scheduled in DL multi-TB scheduling are configured with HARQ feedback disabled, the drx-inactivity timer is started/restarted in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH. 
Proposal 2: For NB-IoT over NTN, if one HARQ process scheduled in DL multi-TB scheduling is configured with HARQ feedback enabled and the other HARQ process is configured with HARQ feedback disabled, RAN2 does not change the operation of drx-inactivity timer. 
Proposal 3: For multiple TB scheduling with the same HARQ feedback enabled configuration indicated by DCI, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.
Proposal 4: For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration, if HARQ-ACK bundling is not configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated based on the number of scheduled TBs with DL HARQ feedback enabled.
Proposal 5: For NB-IoT over NTN, if all the HARQ processes scheduled in UL multi-TB scheduling are configured with HARQ mode B, the drx-inactivity timer is started/restarted in the subframe containing the last repetition of the corresponding PUSCH transmission plus 1 subframe plus deltaPDCCH.
Proposal 6: For NB-IoT over NTN, if one HARQ process scheduled in UL multi-TB scheduling is configured with HARQ mode A and the other HARQ process is configured with HARQ mode B, RAN2 does not change the operation of drx-inactivity timer. 
Proposal 7: The TAR MAC CE transmission reliability should be enhanced at least, to avoid PUSCH transmission failure caused by outdated TA.
Proposal 8: A new DL MAC CE can be introduced to ACK the successful transmission of the TAR MA CE.
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