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Discussion 
1.1 MAC indication for UL transmission extension
In RAN2#124 meeting, RAN2 has mainly discussed the issues of UL transmission extension and combined triggers for GNSS reacquisition. Some agreements are achieved.
According the agreements, if ul-TransmissionExtensionEnabled is configured (UL transmission extension is enabled), a timer T390 will be started when UE receives the indication of out-of-date GNSS position. That means the UE doesn’t need to immediately start the GNSS reacquisition. Instead, the UE can maintain the UL transmission and maybe also some other functions for a while, using the current GNSS position. Moreover, when T390 is running, if UE receives a MAC layer indication that NW requests UE to perform GNSS measurement, UE would stop the T390 and immediately start to perform GNSS measurement. Otherwise, UE could wait till the expiration of T390, and at that time UE would decide whether to perform autonomous GNSS measurement or just go to Idle. Moreover, the T390 also can be restarted upon receiving lower layers indication that means the UL transmission can be extended for more than one time.
For the timer length of T390, there are two cases:
· Case 1: If timeAlignmentTimer is configured to be a finite value, the timer length of T390 will be set to the remaining time of timeAlignmentTimer when it’s started for the first time, e.g., upon reception of the indication of out-of-date GNSS position. Furthermore, if UE receives an indication from the MAC layer that an UL transmission extension update is applied, UE would restart the T390 and the new timer length would be updated to the latest remaining time of timeAlignmentTimer.
· Case 2: If timeAlignmentTimer is configured to be infinity, the timer length of T390 is set to a fixed value of ul-TransmissionExtensionValue, which is configured via RRC signaling by eNB, when T390 is started for the first time. Furthermore, if UE receives an indication from the MAC layer that an UL transmission extension update is applied, UE would restart the T390 with the previous timer length value ul-TransmissionExtensionValue.

For MAC spec, it’s still FFS how to define such MAC layer indication for further UL transmission extension. In the previous discussion, there is a view that, at least for Case 1, such MAC layer indication can be triggered upon reception of legacy TA command. But with the following considerations, we think legacy TA command is not suitable in both cases:
· For the Case 2, one general scenario is that the GEO scenario of NB-IoT over NTN. In such scenario with very large RTT, single-tone transmission is usually used. Due to that the resources available for sending uplink reference signal is very few when single-tone transmission is used, it may be not easy for NW to evaluate the UL transmission timing and therefore the NW generally set the TA timer as infinite. The TA command would also seldom be sent to UE during connected mode. So, if legacy TA command is used, as long as the network wants to extend the UL transmission for another time, the network may have to send a “fake” TA command. That’s undesired. Shortly to say, for Case 2, the legacy TA command is not suitable for triggering MAC layer indication of further UL transmission extension. A new MAC layer indication is preferred.
· For the Case 1, due to the following reasons, legacy TA command is also not suitable:
· As the main intention of introducing T390 is to extend UL transmission for a while in case that UE does not finish its UL transmission when GNSS expires, which can avoid additional random access procedure, it’s easy to understand that the extended UL transmission and also the expired GNSS position cannot be lasted too long. That’s also why RAN2 has agreed that “the network can limit the number of times X is extended and/or the value of X”.
· In the earth-moving cell case (in such case TA timer is likely to be finite value), TA variation is caused by not only UE mobility, but also satellite mobility, more closed loop TA adjustment may be needed in order to mitigate such TA variation and keep UL synchronization. Such TA variation may be more serious within T390 as the GNSS position is not so accurate. Therefore, in order try to maintain the accuracy of UE’s TA, network may need to send legacy TA command frequently. However, if such frequent TA command also triggers the restart of T390, the UL transmission will be extended again and again until the end of the connection. That means, even if the UE is configured autonomous GNSS measurement, the UE would have no chance to start GNSS reacquisition as the T390 is always restarted before it can expire. 
· One possible way for addressing the above issue is that NW stops sending the legacy TA command when NW think the out-of-date GNSS can no longer be used (even the UL transmission may still be allowed as TA can be always maintained). This is infeasible as it has bad impacts on legacy TA adjustment. 
· The other possible way may be that NW can explicitly initiate NW-triggered GNSS measurement. However, since the T390 may have been reset many times by the TA command that is sent frequently and irregularly and for each time, the length of the actual run of T390 may be different, it would be difficult for the network to estimate how much time has passed since the initial GNSS validity duration expired. So it’s also difficult for NW to find the suitable timing to send the NW trigger for GNSS measurement. Shortly to say, when legacy TA command continuously expands the T390, it is difficult for NW to determine when it should initiate NW-triggered GNSS measurement.
In a summary, RAN1 has agreed "one-time extension can be enabled" and RAN2 also agreed "The network can limit the number of times X is extended". But if legacy TA command can be used to extend T390, it may be no way to implement one-time or limited times UL transmission extension.
Observation 1: If legacy TA command is used to trigger the reset of T390:
· In earth-fixed cell case, the TA timer may be generally set to infinity value and TA command would seldom be sent to UE during connected mode. Even NW may want to extend the T390 for a few times, the NW has no way to do this unless NW sends “fake” TA command.
· In earth-moving cell case, the TA command may need to be sent frequently which will cause many times T390 extension. The autonomous GNSS measurement cannot take effect and it’s also difficult to initiate NW-triggered GNSS measurement. Such situation will delay or stall the GNSS reacquisition at suitable timing. As a result, GNSS gets worse and worse, which in turn affects other location-related functions. 
According to observation 1, the following proposals are given:
Proposal 1: A new MAC CE is introduced for network to further extend the UL transmission.
Proposal 1a: Upon reception of the new MAC CE for further extend the UL transmission, MAC layer indicates to upper layers that UL transmission extension update is applied.

1.2 The maintenance of T390
In current spec, the timer T390 is maintained in RRC spec. During the ASN.1 review, some companies indicate that it’s better to maintain T390 as a MAC timer than an RRC timer which can reduce unnecessary cross-layer interaction.
According to the spec, T390 has the following processes:
· Action 1: T390 is started upon reception of the indication of out-of-date GNSS position, which is sent to RRC layer from other module. 
· Action 2: T390 is reset/restarted upon reception of MAC layer indication that an UL transmission extension update is applied.
· Action 3: T390 is stopped (if it has been started) upon reception of MAC indication of performing GNSS measurement (NW-triggered GNSS reacquisition).
· Action 4: Upon expiration of T390, UE either performs autonomous GNSS reacquisition (if configured) or back to idle state.
It can be seen that at least Action 1 and Action 4 are more RRC processes. In other word, if moving T390 to MAC layer, there are also many RRC-MAC interactions. For example, RRC needs to indicate out-of-date GNSS position to MAC layer when it receives such indication from other module. For Action 2 and Action 3, although the involved indications may be more MAC layer indications, but still RRC parameters are involved. That means, if T390 is in MAC layer, when the RRC parameters are reconfigured, this also needs to be informed to MAC layer. Therefore, for moving T390 to MAC layer, we see that RRC-MAC interactions cannot be reduced but may be increased.
Proposal 2: It’s no need to move T390 to MAC layer.

2.3 DRX inactivity timer starting for mixed HARQ-ACK enabling/disabling in multi-TB scheduling (DL and UL).
In RAN2#124 meeting, RAN2 has agreed that NB-IoT UE can directly start drx-InactivityTimer in the case that both HARQ processes are with disabled HARQ feedback (or with same HARQ mode B) in multiple TB scheduling. The spec changes are as following:
	5.7	Discontinuous Reception (DRX)
<skip the unrelated parts>
-	if NB-IoT:
-	if the UE is configured with a single DL and UL HARQ process; or
-	if lower layers have indicated scheduling of transmission of multiple TBs and both associated HARQ processes are with disabled HARQ feedback:
-	start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH, where deltaPDCCH is the interval starting from the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes to the first subframe of the next PDCCH occasion.
<skip the unrelated parts>
-	if NB-IoT:
- 	if the UE is configured with single UL and DL HARQ process and if the corresponding HARQ process is configured with HARQ mode B; or
-	if lower layers have indicated scheduling of transmission of multiple TBs and both associated HARQ processes are configured with HARQ mode B:
-	start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH transmission + 1 subframe + deltaPDCCH, where deltaPDCCH is the interval starting from the subframe containing the last repetition of the corresponding PUSCH transmission plus 1 subframes to the first subframe of the next PDCCH occasion.


However, for the case of mixed HARQ enabling/disabling (or with mixed HARQ mode) in multi-TB scheduling, the following two proposals have been discussed but no agreements can be achieved:
· Proposal 3 For DL multiple TB scheduling for a NB-IoT UE, if only one of the HARQ processes is configured 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.
· Proposal 5 For UL multiple TB scheduling for a NB-IoT UE, if only one of the HARQ processes is 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
During the online discussion, some companies think such optimization is not necessary. Since anyway the HARQ RTT timer can be started for the HARQ processes configured with enabled HARQ feedback, the drx-InactivityTimer still can be started after expiration of HARQ RTT timer. For this aspect, the proponent company think IoT-NTN can have further optimization. As for the HARQ processes configured with disabled HARQ feedback, no HARQ-ACK needs to be sent, the drx-InactivityTimer can be started earlier which has benefit of reducing delay. 
Furthermore, some other companies have different view on when to start the drx-InactivityTimer. Considering that for half-duplex NB-IoT, UE cannot monitor PDCCH transmission before the end of HARQ-ACK transmission, they think it’s unnecessary to start drx-InactivityTimer just after reception of PDSCH. In other word, such start of drx-InactivityTimer is too early and may cause unnecessary power consumption. Instead, it should be started after the end of HARQ-ACK transmission of the HARQ process with enabled HARQ feedback. 
Moreover, if start point of drx-InactivityTimer are set after the end of HARQ-ACK transmission, as the processing time, e.g., 12 subframes has already been taken into account, the exact start point doesn’t need to consider the processing time and only deltaPDCCH needs to be added to align with the PDCCH period. As a result, the exact start point of drx-InactivityTimer can be the subframe containing the last repetition of the PUSCH corresponding to the transmission of associated HARQ feedback plus deltaPDCCH.
It can be seen that the optimization for the case of mixed HARQ enabling/disabling (or with mixed HARQ mode) in multi-TB scheduling may be complicated. So either way we would not introduce any optimization for such case. Or if the optimization is still wanted, the following proposals can be considered:
Proposal 3a: For DL multiple TB scheduling for a NB-IoT UE, if only one of the HARQ processes is configured with disabled HARQ feedback, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the transmission of associated HARQ feedback plus deltaPDCCH.
The same principle can be applied to the UL case:
Proposal 3b: For UL multiple TB scheduling for a NB-IoT UE, if only one of the HARQ processes is configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the transmission of associated HARQ feedback plus deltaPDCCH.
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In this contribution, the following observations and proposals were made: 
Observation 1: If legacy TA command is used to trigger the reset of T390:
· In earth-fixed cell case, the TA timer may be generally set to infinity value and TA command would seldom be sent to UE during connected mode. Even NW may want to extend the T390 for a few times, the NW has no way to do this unless NW sends “fake” TA command.
· In earth-moving cell case, the TA command may need to be sent frequently which will cause many times T390 extension. The autonomous GNSS measurement cannot take effect and it’s also difficult to initiate NW-triggered GNSS measurement. Such situation will delay or stall the GNSS reacquisition at suitable timing. As a result, GNSS gets worse and worse, which in turn affects other location-related functions. 

Proposal 1: A new MAC CE is introduced for network to further extend the UL transmission.
Proposal 1a: Upon reception of the new MAC CE for further extend the UL transmission, MAC layer indicates to upper layers that UL transmission extension update is applied.

Proposal 2: It’s no need to move T390 to MAC layer.

Proposal 3a: For DL multiple TB scheduling for a NB-IoT UE, if only one of the HARQ processes is configured with disabled HARQ feedback, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the transmission of associated HARQ feedback plus deltaPDCCH.
Proposal 3b: For UL multiple TB scheduling for a NB-IoT UE, if only one of the HARQ processes is configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the transmission of associated HARQ feedback plus deltaPDCCH.
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