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Introduction
In RAN2#125 post meeting discussion [1], several issues on Rel-18 IoT NTN were discussed but had no conclusion. It is proposed to postpone and discuss it at the next meeting. The open issues are listed as follows:
	Proposal 1: RAN2 discuss the time with which T390 restarted in the next RAN2 meeting.
Proposal 4: RAN2 discuss whether the following agreement should be limited to single TB case in the next meeting: For a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, UE behaviour on DRX follows the case when HARQ feedback is disabled. 
Proposal 5: RAN2 discuss the UE behavior on DRX for multiple TB scheduling for a NB-IoT UE, if the HARQ processes are configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI in the next RAN2 meeting.
Proposal 6: RAN2 can discuss the HARQ RTT timer length for multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration for NB-IoT in the next RAN2 meeting.


 
In this paper, we provided our view on remaining MAC open issues of Rel-18 IoT NTN.
Discussion
[bookmark: OLE_LINK26]How to update the T390 timer
In the LS [2], RAN1 provided options on when timeAlignmentTimer is not infinity, how the UL transmission extension is updated, and asked RAN2 for an opinion. The following options are provided:
· Alt-1: the end of X should be at the point where new timer ULTransmissionExtentionTimer expires and ULTransmissionExtentionTimer is reset with length equal to remaining timeAlignmentTimer every time when a MAC CE (to be defined by RAN2) is received
· Alt-1a: the end of X should be at the point where new timer ULTransmissionExtentionTimer expires and ULTransmissionExtentionTimer is set to remaining timeAlignmentTimer at the start point of X and ULTransmissionExtentionTimer is reset with length equal to configured timeAlignmentTimer value every time when a MAC CE (to be defined by RAN2) is received
· Alt-2: the end of X should be at the point where timeAlignmentTimer expires and timeAlignmentTimer is reset every time when a legacy MAC TAC is received
During the past RAN2#125 [3], option Alt-2 was ruled out, and the discussion between Alt-1 and Alt-1a continues in the post meeting discussion Post125][307].
	R2-2401925	LS on improved GNSS operations in Rel-18 IoT NTN	(R1-2401754; contact: Mediatek)	RAN1	LS in	Rel-18	IoT_NTN_enh-Core	To:RAN2
· [bookmark: _Hlk162616674]We no longer consider Alt2 and continue the discussion between Alt1 and Alt 1a as part [Post125][307] (if there is no consensus we will come back in the next meeting)



There was no consensus during the post meeting discussion, 5 companies voted for Alt-1 and 5 companies voted for Alt-1a. 
Option Alt-1 has the advantage of being able to align the T390 and Time Alignment Timer. However, in order to accomplish this, network must send both Timing Advance Command (TAC) MAC CE and UL Transmission Extension Update MAC CE. UE also needs to process the TAC MAC CE prior to UL Transmission Extension Update MAC CE. In addition, the TimingAlignmentTimer needs to be updated before processing UL Transmission Extension Update MAC CE. Otherwise, T390 won’t be extended as the T390 is reset with the length equal to remaining TimingAlignmentTimer.
 
On the other hand, for Alt-1a, T390 can be extended without a TAC MAC CE. As a result, it is possible for the T390 to be longer than the Time Alignment Timer, meaning that they are not in alignment. As stated in the current specification, when TimeAlignmentTimer is expired and T390 is still running, the UE can only perform random access regarding the UL transmission. The question then becomes: Is this UE behaviour acceptable? We tend to concur because the intention of the T390 is to extend the UL transmission, and from this perspective, the UL transmission is still available. The timing alignment requirement of PRACH is relaxed compared to that of NPUSCH. Even when the timing alignment timer is expired, the accuracy of GNSS position can still be sufficient for random access.

We think Alt-1 has more restrictions than Alt-1a and see not much benefit. For Alt-1a, there is also no technical problem. Thus, we tend to select option Alt-1a.

[bookmark: OLE_LINK21]Proposal 1: When timeAlignmentTimer is not infinity, T390 is reset with length equal to configured timeAlignmentTimer value when receiving the UL Transmission Extension Update MAC CE.

We provide a TP in Annex A to capture P1. 
[bookmark: OLE_LINK16]HARQ feedback overridden to enable by DCI
For NB-IoT, when the HARQ feedback is overridden to enable by DCI, RAN1 made the following agreement:
	Agreement (RAN1 113)
For single TB scheduled by DCI,
Working assumption 2 For Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the NBIoT UE does not wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH for the same HARQ process (or monitoring any NPDCCH for the case of single HARQ process configuration). 
· Send an LS to RAN2 with the following contents:
· RAN1 respectfully ask RAN2 for the feasibility of Working assumption 2 (taking into account potential RAN2 spec impact).
Agreement (RAN2 123)
RAN2 confirms working assumption 2 in LS R2-2307016 (R1-2306245) is feasible.
Agreement (RAN1 114bis)
Confirm the following working assumptions from RAN1#113:
For single TB scheduled by DCI, 
· Working assumption 2 For Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the NBIoT UE does not wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH for the same HARQ process (or monitoring any NPDCCH for the case of single HARQ process configuration). 



 
Based on the RAN1 agreement, RAN2 made the following agreement on UE behaviour on DRX.
	Agreement in RAN2#123bis:
For a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, UE behaviour on DRX follows the case when HARQ feedback is disabled.



However, the above RAN1 agreement is only applicable for single TB scheduling case while RAN2 does not specify single or multiple TBs scheduling case which means it is appliable to both.
The discrepancy becomes conspicuous when RAN1 makes an agreement for multiple TBs scheduling case, which is opposite to the single TB scheduling case.
	Agreement in RAN1#115:
When multiple TBs are scheduled by a single DCI:
· For Option 1 + Option 3 DCI based overridden mechanism, when DCI indicates HARQ feedback enabled, then the NB-IoT UE always wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH.




[bookmark: OLE_LINK18]There are RAN1 PDCCH monitoring restrictions in RAN1 spec, as well as RAN2 UE behaviour on DRX in RAN2 spec, which is essentially also PDCCH monitoring restriction. UE should not monitor PDCCH due to any RAN1 or RAN2 restrictions. According to the above RAN2 agreement, for multiple TBs scheduling case, UE starts to monitor PDCCH after NPDSCH + 12ms. But according to RAN1 agreement, UE starts to monitor PDCCH after HARQ ACK + UE-eNB RTT + 3ms. Because the difference between RAN1 agreement and RAN2 agreement is prominent, mostly contributed by UE-eNB RTT, it is best to align the UE behaviour on DRX and RAN1 PDCCH monitoring restrictions. Otherwise, the time that UE can monitor PDCCH is very limited.

To align the UE behaviour with DRX and RAN1 PDCCH monitoring restrictions, we propose to revise the above RAN2 agreement and limit it to only single TB scheduling case. We also need to make a new RAN2 agreement for multiple TBs scheduling case. Since UE should wait for an RTT+3ms, UE on DRX should behave like the HARQ feedback is enabled.

[bookmark: OLE_LINK20]Proposal 2: For single TB scheduled by DCI, for a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, NB-IoT UE behaviour on DRX follows the case when HARQ feedback is disabled.

Proposal 3: For multiple TBs scheduled by DCI, for a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, NB-IoT UE behaviour on DRX follows the case when HARQ feedback is enabled.

[bookmark: OLE_LINK19]We provide a TP in Annex B to capture P2 and P3. 

HARQ RTT Timer for HARQ process with HARQ feedback enabled
In RAN2#124 meeting, the following agreement was made regarding HARQ RTT Timer length for HARQ process with enabled HARQ feedback in multiple TB scheduling.
	Agreements in RAN2#124:
[bookmark: OLE_LINK22]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 HARQ feedback enabled.



For NB-IoT, the above agreement has been captured in the MAC running CR as below.
	36.321 7.7
[bookmark: OLE_LINK3]For NB-IoT, when single TB is scheduled by PDCCH or when multiple TBs are scheduled for the interleaved case when HARQ-ACK bundling is configured the HARQ RTT Timer is set to k+3+N subframes plus RTToffset + deltaPDCCH, where k is the interval between the last subframe of the downlink transmission and the first subframe of the associated HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the associated HARQ feedback transmission plus 3 subframes plus RTToffset to the first subframe of the next PDCCH occasion.
For NB-IoT, when multiple TBs are scheduled by PDCCH for the non-interleaved case or for the interleaved case when HARQ-ACK bundling is not configured, the HARQ RTT Timer is set to k+m2*N+1 subframes plus RTToffset + deltaPDCCH where k is the interval between the last subframe of the downlink transmission and the first subframe of the first HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback and m is the number of scheduled TBs as indicated in PDCCH whose associated HARQ process is configured with HARQ feedback enabled, and deltaPDCCH is the interval starting from the subframe following the last subframe of the last HARQ feedback transmission plus 1 subframe plus RTToffset to the first subframe of the next PDCCH occasion.



For NB-IoT, when multiple TBs are scheduled by PDCCH for the non-interleaved case or for the interleaved case when HARQ-ACK bundling is not configured, when there is only one HARQ process configured with HARQ feedback enabled, the HARQ RTT timer for HARQ process with HARQ feedback disabled is set to k+N+1+RTToffset+deltaPDCCH, which means UE starts to monitor PDCCH after ACK + RTT + 1ms + deltaPDCCH.
However, according to the RAN1 PDCCH monitoring restriction specified in 36.213, UE starts to monitor PDCCH after ACK + RTT + 3ms. 
	36.213 16.6
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and
[bookmark: _Hlk144410128]-	the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3, or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3 except if the UE is configured with higher layer parameter uplinkHARQ-mode set to ‘HARQModeB’ for the same HARQ process ID, or if the NPUSCH transmission carries ACK/NACK response, as determined in clause 16.4.2, for the same HARQ process ID associated with a transport block scheduled in a NPDCCH scheduling a single transport block, and the UE is configured with higher layer parameter downlinkHARQ-FeedbackDisabled-Bitmap-NB indicating disabled HARQ-ACK information for the same HARQ process ID and configured with higher layer parameter downlinkHARQ-FeedbackDisabled-DCI-NB;



Because deltaPDCCH exists, the UE behaviour of RAN1 and RAN2 will most likely not be aligned. Also, it appears that starting HARQ RTT timer 2ms early does not cause any problems. We propose to keep the current specification as a simple and unified solution.
[bookmark: OLE_LINK24][bookmark: OLE_LINK23]Proposal 4: For NB-IoT, when multiple TBs are scheduled by PDCCH for the non-interleaved case or for the interleaved case when HARQ-ACK bundling is not configured, RAN2 does not change the HARQ RTT timer.
Conclusion
Proposal 1: When timeAlignmentTimer is not infinity, T390 is reset with length equal to configured timeAlignmentTimer value when receiving the UL Transmission Extension Update MAC CE.

Proposal 2: For single TB scheduled by DCI, for a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, NB-IoT UE behaviour on DRX follows the case when HARQ feedback is disabled.

Proposal 3: For multiple TBs scheduled by DCI, for a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, NB-IoT UE behaviour on DRX follows the case when HARQ feedback is enabled.

Proposal 4: For NB-IoT, when multiple TBs are scheduled by PDCCH for the non-interleaved case or for the interleaved case when HARQ-ACK bundling is not configured, RAN2 does not change the HARQ RTT timer.
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[bookmark: OLE_LINK2]Appendix A - TP for 36.331 (for proposal 1)

[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 the length equal to configuredremaining 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'.

Appendix B - TP for 36.321 (for proposal 2 and 3)

[bookmark: _Toc29242977][bookmark: _Toc37256238][bookmark: _Toc37256392][bookmark: _Toc46500331][bookmark: _Toc52536240][bookmark: _Toc155955935]5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), UL Semi-Persistent Scheduling V-RNTI (if configured), eIMTA-RNTI (if configured), SL-RNTI (if configured), SL-V-RNTI (if configured), CC-RNTI (if configured), SRS-TPC-RNTI (if configured), and AUL C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity monitors the PDCCH continuously. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (for HARQ processes scheduled using 1ms TTI, one per DL HARQ process except for the broadcast process), drx-RetransmissionTimerShortTTI (for HARQ processes scheduled using short TTI, one per DL HARQ process), drx-ULRetransmissionTimer (for HARQ processes scheduled using 1ms TTI, one per asynchronous UL HARQ process), drx-ULRetransmissionTimerShortTTI (for HARQ processes scheduled using short TTI, one per asynchronous UL HARQ process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) and UL HARQ RTT Timer per asynchronous UL HARQ process is also defined (see clause 7.7). The HARQ mode per HARQ process can be configured in uplinkHARQ-Mode.
When a DRX cycle is configured, the Active Time includes the time while:
-	onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or drx-RetransmissionTimerShortTTI or drx-ULRetransmissionTimer or drx-ULRetransmissionTimerShortTTI or mac-ContentionResolutionTimer (as described in clause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH/SPUCCH and is pending (as described in clause 5.4.4). If this Serving Cell is part of a non-terrestrial network, the Active Time is started after the Scheduling Request transmission that is performed when the SR_COUNTER is 0 for all the SR configurations with pending SR(s) plus the UE-eNB RTT; or
-	an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer for synchronous HARQ process; or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in clause 5.1.4) ; or
-	mpdcch-UL-HARQ-ACK-FeedbackConfig is configured and repetitions within a bundle are being transmitted according to UL_REPETITION_NUMBER. If this Serving Cell is part of a non-terrestrial network, the Active Time starts after the first repetition within the bundle plus the UE-eNB RTT when repetitions within the bundle are being transmitted.
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 a DRX Command MAC control element or a Long DRX Command MAC control element is received:
-	stop onDurationTimer;
-	stop drx-InactivityTimer.
-	if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:
-	if the Short DRX cycle is configured:
-	start or restart drxShortCycleTimer;
-	use the Short DRX Cycle.
-	else:
-	use the Long DRX cycle.
-	if drxShortCycleTimer expires in this subframe:
-	use the Long DRX cycle.
-	if a Long DRX Command MAC control element is received:
-	stop drxShortCycleTimer;
-	use the Long DRX cycle.
-	If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or
-	if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:
-	if NB-IoT:
-	if there is at least one HARQ process for which neither HARQ RTT Timer nor UL HARQ RTT Timer is running, start onDurationTimer.
-	else:
-	start onDurationTimer.
-	during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, and if the subframe is not a half-duplex guard subframe, as specified in TS 36.211 [7], and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception, and for NB-IoT if the subframe is not required for uplink transmission or downlink reception other than on PDCCH; or
-	during the Active Time, for a subframe other than a PDCCH-subframe and for a UE capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for at least one serving cell not configured with schedulingCellId, as specified in TS 36.331 [8] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or
-	during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the SpCell and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception:
-	monitor the PDCCH;
-	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 the HARQ feedback is disabled by lower layers when downlinkHARQ-FeedbackDisabled is not configured for the corresponding HARQ process; or
[bookmark: OLE_LINK17]-	if the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled for the corresponding HARQ process except the HARQ feedback is further reversed to enabled by lower layers and lower layers have indicated scheduling of transmission of multiple TBs; or
-	if the HARQ feedback is enabled by downlinkHARQ-FeedbackDisabled for the corresponding HARQ process and further reversed to disabled by lower layers:
-	if NB-IoT:
-	if the UE is configured with a single DL and UL HARQ process:
[bookmark: OLE_LINK14]-	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.
-	if lower layers have indicated scheduling of transmission of multiple TBs:
-	start or restart drx-InactivityTimer in the subframe containing the last repetition of the PDSCH reception corresponding to the last scheduled TB + 12 subframes + deltaPDCCH, where deltaPDCCH is the interval starting from the subframe containing the last repetition PDSCH reception corresponding to the last scheduled TB plus 12 subframes to the first subframe of the next PDCCH occasion.
-	else if the HARQ feedback is enabled for the corresponding HARQ process:
-	if lower layers have indicated scheduling of transmission of multiple TBs:
-	start the HARQ RTT Timers for all HARQ processes which the HARQ feedback are enabled 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;
-	stop the drx-RetransmissionTimer or drx-RetransmissionTimerShortTTI for the corresponding HARQ process.
-	if NB-IoT, stop drx-ULRetransmissionTimer for all UL HARQ processes.

