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1	Introduction
In this contribution, we further discuss below two MAC open issues left for IoT NTN.
1.	Select new or existing MAC CE for time alignment timer (X and/or Y) handling in GNSS improvement.
2.	DRX inactivity timer starting during HARQ enabling/disabling in multi-TB scheduling (DL and UL).
2	Discussion
[bookmark: _Hlk157953211]2.1	MAC CE to reset Timer for UL transmission Extension 
It is open in RAN2#124 meeting whether the legacy TAC MAC CE or a new MAC CE should be used to reset timer for UL transmission extension in the scenario when the UE’s GNSS position has become out-of-date to support multiple UL transmission extensions. 
	RAN2-124 Agreement:
5.	For the case when timeAlignmentTimer is infinity, a (legacy/new) MAC CE is introduced/used to reset ULTransmissionExtentionTimer with length equal to Y)



The corresponding RRC procedure has been captured in [1] in which the lower layer indication to restart the timer T390 is not decided yet.
	TS36.331:
[bookmark: _Toc156167648]5.3.3.21	UE actions upon indication of out-of-date GNSS position
Upon indication that the GNSS position has become out-of-date while in RRC_CONNECTED, the UE shall:
1>	if the UE does not support performing GNSS fix in RRC_CONNECTED and ul-TransmissionExtensionEnabled is not configured:
2>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
1>	else if ul-TransmissionExtensionEnabled is configured:
2>	if timeAlignmentTimer is not configured to be infinity:
3>	start timer T390 with the timer value set to remaining time of timeAlignmentTimer;
3>	restart timer T390 upon indication from lower layers that an UL transmission extension update is applied, with the timer value set to remaining time of timeAlignmentTimer;
2>	else:
3>	start timer T390 with the timer value set to ul-TransmissionExtensionValue;
3>	restart timer T390 upon indication from lower layers that an UL transmission extension update is applied;
2>	if timer T390 expires and no indication of network triggered GNSS measurement has been received from lower layer:
3>	if gnss-AutonomousEnabled is configured:
4>	perform GNSS measurement using autonomous gaps as specified in clause 5.5.9;
3>	else:
4>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
1>	else if ul-TransmissionExtensionEnabled is not configured and no indication of network triggered GNSS measurement is received from lower layer:
2>	if gnss-AutonomousEnabled is configured:
3>	perform GNSS measurement using autonomous gaps as specified in clause 5.5.9;
2>	else:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.



For the option to use the legacy TAC MAC CE to reset T390 for UL transmission extension, it implies the TAC MAC CE will be used by NW to serve two purposes. Firstly, the TAC will be used to control the amount of timing adjustment that the UE has to apply. On top of that, if the UE received TAC, the UE should restart the T390 to extend the period for UL transmission. However, this mechanism may not work in practice. 
As per RAN1 agreement below, UL transmission extension is to be used for the case where the timing error is within the error requirements with legacy close loop time correction. In other words, if NW wants to reduce the requested GNSS measurement gaps and scheduling interruptions to maximum extent, the timing/frequency error should be adjusted by TAC MAC CE during the extension periods. 
	RAN1#113 Agreement
From RAN1 perspective, at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.



This implies the TA adjustment via TAC is needed during the T390 period. Otherwise, the UL time alignment maybe lost. If the UL time alignment cannot be maintained, the UE may cause interference to other UEs when the UL transmission is triggered by the SR or DL HARQ feedback. Even worse, due to the UE has no valid GNSS and no UL TA alignment during the T390, it may cause interference to other UEs when it triggers RACH transmission.
 
Observation 1: During T390 for UL transmission extension, TA adjustment via TAC MAC CE may be needed to maintain UL Time Alignment. Otherwise, the UL transmission of the UE may cause interference to other UEs. 
According to RRC procedure captured in [1], only if T390 expires the UE may perform GNSS measurement using autonomous gaps. When the TAC MAC CE is also used to extend the period for UL transmission, upon UE received the TAC, the timer T390 is restarted. This means the autonomous GNSS measurement will never be used once the UL TA adjustment happened during the T390 (as the timer will be restarted anyway). Disabling the autonomous GNSS measurement function is not desirable, because an additional but unnecessary GNSS measurement MAC CE has to be issued by NW in order to trigger a network-initiated GNSS measurement in the end. 

Observation 2: Using the legacy TAC MAC CE to restart T390 may disable the autonomous GNSS measurement during the UL extension period, which may result in an additional but unnecessary GNSS measurement MAC CE to trigger the GNSS measurement.
Furthermore, if the TAC MAC CE is also used to extend the period for UL transmission, it forces the NW to always extend the UL transmission extension once it performs an UL TA adjustment. i.e., the one-time UL transmission extension will not be supported. This is not desirable as it will add additional NW implementation restriction.
Observation 3: Using the legacy TAC MAC CE to restart T390 will force the NW to always extend UL transmissions once it performs UL TA adjustment.
Based on above analysis, we believe the reasonable way-forward is to de-couple the UL TA adjustment and the UL transmission extension.
Proposal 1: TAC MAC CE should not be used for UL transmission extension timer T390 restarts.
On the MAC CE to be used to extend the UL transmission, we think either a new MAC CE or re-defining the spare bits in GNSS Measurement Command MAC Control Element (as captured in 6.1.3.22 [2]) is feasible.
Proposal 2: Introduce a new MAC CE or use the spare bits in the GNSS Measurement Command MAC CE to restart timer T390 for UL transmission extension.
2.2	DRX inactivity timer start for multi-TB scheduling
[bookmark: _Hlk146468383]When multiple TBs are scheduled, in Rel-17, drx-InactivityTimer of NB-IoT 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 [2].
	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 4: In Rel-17, when multiple TBs are scheduled for NB-IoT, the drx-InactivityTimer will be (re)started when all HARQ RTT Timers (corresponding to all HARQ processes of the scheduled TBs) have expired.
In Rel-18, RAN1 introduced 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. Based on that, RAN2 agreed the drx-InactivityTimer start should be updated for the case when both the HARQ processes are configured with disabled HARQ feedback or with HARQ mode B. 
	RAN2#124 Agreement:
2.	For DL multiple TB scheduling for a NB-IoT UE, if both HARQ processes are with disabled HARQ feedback, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH.
3.	For UL multiple TB scheduling for a NB-IoT UE, if both HARQ processes are configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH.



However, whether and how to update the DRX inactivity timer start for the case with mixed HARQ feedback enabled/disabled or mixed HARQ ModeA/B is still open.
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 5: 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 RAN2#124 meeting, 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 latency caused by large number of PDSCH repetition is relatively high compared to the latency in 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 3: 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. 
Similarly, for UL, the same principle should be applied.
Proposal 4: 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. 
3	Conclusion
This document has made the following observations:
Observation 1: During T390 for UL transmission extension, TA adjustment via TAC MAC CE may be needed to maintain UL Time Alignment. Otherwise, the UL transmission of the UE may cause interference to other UEs. 
Observation 2: Using the legacy TAC MAC CE to restart T390 may disable the autonomous GNSS measurement during the UL extension period, which may result in an additional but unnecessary GNSS measurement MAC CE to trigger the GNSS measurement.
Observation 3: Using the legacy TAC MAC CE to restart T390 will force the NW to always extend UL transmissions once it performs UL TA adjustment.
Observation 4: In Rel-17, when multiple TBs are scheduled for NB-IoT, the drx-InactivityTimer will be (re)started when all HARQ RTT Timers (corresponding to all HARQ processes of the scheduled TBs) have expired.
Observation 5: 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.
And proposed the following:
Proposal 1: TAC MAC CE should not be used for UL transmission extension timer T390 restarts.
Proposal 2: Introduce a new MAC CE or use the spare bits in the GNSS Measurement Command MAC CE to restart timer T390 for UL transmission extension.
Proposal 3: 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 4: 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. 
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