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1	Introduction
In this contribution, we further discuss the remaining open issues for HARQ based on the latest RAN1 and RAN2 agreements.
2	Discussions
2.1 DL DRX impacts
2.1.1 NB-IoT with two HARQ processes
For NB-IoT with single HARQ processes, if the HARQ feedback is disabled, RAN2 agreed UE should start/restart drx-inactivity timer directly without involvement of HARQ RTT timer. The exact start time point is the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH.
	Agreement on RAN2#121bis:
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 plus 12 subframes plus deltaPDCCH”



For NB-IoT with two HARQ processes, it is not clear whether UE should follow the same behaviour as single HARQ process on the drx-inactivity timer (re)start, considering the RAN1 LS as below.
	Excerpt from LS R1-2306182:
RAN2’s question 3: For the above RAN1 agreement, which is the correct understanding?
· [bookmark: _Hlk133328276]Understanding 1: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for the same HARQ process in a period of Y=12(ms) from the end of reception of the NPDSCH.
· [bookmark: _Hlk133328288]Understanding 2: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.
RAN1 response: 
Understanding 2 is the correct understanding.



For NB-IoT single HARQ process case, in Rel-17, new transmission grant will not trigger the start of drx-InactivityTimer while the timer will be started if a HARQ RTT timer expires, and the timer is stopped when receiving the UL/DL assignment. The detailed DRX behaviour can be found in specification as below [36.321]. 
	Excerpt from 36.321 Section 5.7:
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 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



However, in Rel-18 with HARQ feedback disabled, the HARQ RTT Timer is not started upon the last PDSCH transmission in IoT NTN. This implies, in single HARQ process case, both the drx-inactivityTimer and the retransmission timer (when the transmission is not successful) will not be started for IoT NTN. Therefore, RAN2 agreed to define new triggering for the (re)start of drx-InactivityTimer in single HARQ process with HARQ feedback disabled.
Observation 1: For NB-IoT configured with single HARQ process, in Rel-17, new transmission grant will not trigger the start of drx-InactivityTimer while the timer will be started if HARQ RTT timer expires.
Observation 2: For NB-IoT configured with single HARQ process, if the HARQ feedback is disabled, HARQ RTT timer is not started which will cause no (re)start of the drx-inactivityTimer. Therefore, RAN2 defines the new triggering of drx-inactivityTimer in Rel-18  (i.e., in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH)
For NB-IoT with two HARQ processes case, new transmission grant will trigger the (re)start of drx-InactivityTimer which is different from NB-IoT with one HARQ process.  In this case, the drx-inactivityTimer will be (re)started after a new transmission grant. Therefore, same as NR NTN, the optimization to define the new triggering of drx-inactivityTimer is not needed even if one or more HARQ processes configured with HARQ feedback disabled.
Observation 3: For NB-IoT configured with two HARQ processes, different from NB-IoT with single HARQ process, there is no motivation to define new triggering of drx-inactivityTimer for HARQ feedback disabled case. 
Furthermore, in the previous discussions, there are proposals to change the drx-inactivityTimer behaviour based on RAN1 LS in which RAN1 clarified UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH. As captured in email discussion [1], for NB-IoT UE configured with two HARQ processes and at least one of them is configured with HARQ feedback disabled, some companies proposed below two options:
	Option2: stop the drx-inactivityTimer if running when the UE receives NPDSCH of HARQ process with HARQ feedback disabled.
Option3b: (re)start the drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH, when  the NB-IoT UE is configured with two HARQ process.



In our understanding, the motivation to introduce above options (i.e., stop the timer and restart the timer) is to prevent drx-InactivityTimer running during the period of 12 subframes after a PDSCH reception with HARQ feedback disabled, given the UE is not required to monitor PDCCH during this 12 subframes, therefore the UE can enter DRX inactive time to save UE’s power consumption. However, in 36.213, RAN1 already captured the PDCCH monitor restriction as below. There is no requirement for RAN2 to duplicate it in MAC specification and change the DRX procedures and DRX timer in order to exactly match any RAN1 defined PDCCH monitoring behaviour.
	Excerpt from 36.213:
[bookmark: _Hlk136604129]If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.



Please note in the MAC specification, it’s our understanding that when UE is in DRX Active time, UE should follow the PDCCH monitoring referring to RAN1 specification (see excerpt as below). This means the UE should follow the 12ms PDCCH monitoring restriction even it is not explicitly captured in RAN2 specification. 
	Excerpt from 38.321:
1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];



Based on above analysis, we think it is sufficient to capture the 12ms PDCCH monitoring restriction in RAN1 specification. Therefore, it is not needed to capture anything about drx-InactivityTimer in the case of NB-IoT UEs with two HARQ processes with at least one HARQ process with feedback disabled.
Proposal 1: For NB-IoT UE configured with two HARQ processes and at least one of them is configured with HARQ feedback disabled, there is no need to change the operation on drx-InactivityTimer (i.e., it is sufficient to capture the 12 subframes PDCCH monitor restriction in RAN1 spec).

2.1.2 eMTC over NTN
For eMTC over NTN, there was also some discussions in the post-meeting email discussion on MAC running CR regarding the change of operation on drx-InactivityTimer. As agreed in RAN2-121bis as below, there is no special handling for single HARQ process for eMTC, even the HARQ feedback is disabled. Furthermore, for multi-HARQ processes cases in eMTC, there is not any agreement from RAN1 on PDCCH monitor restriction, therefore it is not needed to change  drx-InactivityTimer for eMTC over NTN.
	RAN2 Agreement:
P4 in R2-2302557 is not agreed, i.e. no special handling for single HARQ process for eMTC.
Note: 
Proposal 4: For eMTC 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 plus 3 subframes.



Proposal 2: The change of drx-InactivityTimer operation defined for NB-IoT single HARQ process (configured with HARQ feedback disabled) should not be applied to eMTC over NTN.

2.1.3 WA2 (Option3 override Option1) for NB-IoT NTN
RAN2 confirmed WA2 as requested by RAN1 in LS R1-2306245, in which NB-IoT UE does not wait for RTT + 3 ms for PDCCH monitoring in the case of HARQ feedback disabled (configured by RRC, Option1) is reverted to HARQ feedback enabled (configured by DCI, Option3).
	Agreement in 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). 



Accordingly, RAN1 has modified 36.213 to lift the PDCCH monitoring restriction as below.
	Excerpt from RAN1 R1-2308693:
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
-	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, and the UE is configured with higher layer parameter downlinkHARQ-FeedbackDisabled-Bitmap-NB indicating disabled HARQ-ACK information for the same HARQ process ID;



As indicated in the RAN1 CR, RAN1 has lifted the restriction of PDCCH monitoring for WA2 by adding the exception.
Observation 4: The PDCCH monitoring modification requested by WA2 has been captured in RAN1 specification (i.e., TS36.213). 
Regarding whether the DRX impact should be captured in MAC specification, as we indicated in previous paragraph, we don’t think it should be duplicated in both RAN1 and RAN2 specification. 
In our understanding, when UE is in DRX Active time, UE should follow the PDCCH monitoring referring to RAN1 specification. This means the UE should lift the restriction of PDCCH monitoring as requested by WA2 even it is not explicitly captured in RAN2 specification. In other words, RAN2 should not duplicate the capture of WA2 in MAC specification and change the DRX procedures/DRX timer in order to exactly match any RAN1 defined PDCCH monitoring behaviour.
Proposal 3: For WA2 (Option3 override Option1) in NB-IoT NTN, there is no need to capture the corresponding PDCCH monitoring restriction in MAC specification (i.e., it is sufficient to capture the PDCCH monitoring change requested by WA2 in RAN1 spec.)
Furthermore, for IoT NTN, if HARQ process is configured with DL HARQ feedback disabled, the UE will not start the corresponding DL HARQ RTT timer. Consequently, same as the NR NTN DRX, the DRX retransmission timer will not be started for this HARQ process.
	RAN2 Agreement:
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.



As discussed in NR NTN, for HARQ process with feedback disabled, the blind retransmission should reply on UE being DRX Active time via other means (instead of HARQ retransmission timer).
	RAN2 agreement for NR NTN:
4.	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).



In the case of WA2 (i.e., HARQ feedback disabled configured by RRC is reverted to HARQ feedback enabled by DCI), the same principle should be applied. In other words, to simplify the MAC specification impact, for HARQ process with DL HARQ feedback disabled while reverted to feedback enabled by DCI, the UE should not start the corresponding DL HARQ RTT timer in the case of WA2.
Proposal 4: For a HARQ process configured with HARQ feedback disabled by RRC while reverted to HARQ feedback enabled in a DCI grant, the UE will follow the DRX behaviour for HARQ process with HARQ feedback disabled (e.g., not start the corresponding DL HARQ RTT timer for this HARQ process.)

2.1.4 Multiple TB scheduling
[bookmark: _Hlk146468383]When multiple TBs are scheduled, for NB-IoT, drx-InactivityTimer will be (re)started when all HARQ RTT Timers have expired. Additionally, for both NB-IoT and eMTC, (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 5: 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 RAN1#113 meeting, there is the agreement for DCI-based HARQ enabling/disabling direct indication in multiple TB scheduling as below:
	Agreements in RAN1#113 ​:
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.



Based on the RAN1 agreement, all the HARQ processes scheduled in the single DCI are either HARQ feedback disabled or HARQ feedback enabled. 
· If all HARQ processes are indicated with HARQ feedback enabled, the HARQ RTT timer length of these HARQ processes is increased by an offset equal to UE-eNB RTT and the other DRX behaviour can be the same as the current specification.  
· If all HARQ processes are indicated with HARQ feedback disabled, the UE will not start the corresponding DL HARQ RTT timer for these scheduled HARQ processes. Specifically, for NB-IoT UE, the drx-InactivityTimer will not be started/restarted due to drx-InactivityTimer is started/restarted only when all HARQ RTT Timers have expired. In this case, PDCCH monitoring can rely on the DRX on duration timer. Another way is as the DRX solution for single HARQ process, the UE shall start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH.
Proposal 5: For DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduling, if the DCI indicate HARQ feedback enabled, the DRX behaviour can be defined as below:
· The HARQ RTT timer length of these HARQ processes is increased by an offset equal to UE-gNB RTT 
· Start the HARQ RTT Timers for these HARQ processes in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB. 
Proposal 6: For DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduling, if the DCI indicate HARQ feedback disabled, the DRX behaviour can be defined as below:
· DL HARQ RTT timer for these scheduled HARQ processes is not started.
Proposal 7: For NB-IoT over NTN, if the DCI indicates HARQ feedback disabled for all the HARQ processes scheduled in multi-TB scheduling, RAN2 to discuss whether the drx-inactivity timer is started/restarted in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH. 
In RAN1#114 meeting, there is the agreement for RRC-based HARQ enabling/disabling indication in multiple TB scheduling as below:
	RAN1 Agreement:
For LTE-MTC/NB-IoT, for the multiple TBs scheduled by single DCI with only RRC bitmap-based solution configuration and with mixed HARQ feedback enabled/disabled scheduling
· Without HARQ-ACK bundling
· HARQ feedback is not reported for TB with HARQ feedback disabled configuration.
· HARQ timing for TBs with HARQ feedback enabled configuration does not count the legacy HARQ-ACK resource/HARQ timing adopted for TBs with HARQ feedback disabled configuration. (Option 2e)
· With HARQ-ACK bundling
· Option 2f-b: ACK is reported for TB with HARQ feedback disabled configuration for HARQ-ACK bundling. No change to HARQ feedback timeline. (Option 2d)



For RRC bitmap-based HARQ feedback disabling/enabling, it seems RAN1 has agreed to support three options for multiple-TB scheduling:
· Option1: All HARQ processes scheduled by single DCI are configured with feedback enabled.
· Option2: All HARQ processes scheduled by single DCI are configured with feedback disabled.
· Option3: Mixed HARQ feedback enabled/disabled for HARQ processes scheduled by single DCI
For Option1 and Option2, the DRX impact can follow the same principle for DCI-based HARQ enabling/disabling direct indication.
Proposal 8: For RRC-based HARQ enabling/disabling indication , if the HARQ feedback disabling/enabling is configured as same feedback mode for all the HARQ processes scheduled by a single DCI, the DRX impact can follow the same principle for DCI-based HARQ enabling/disabling direct indication.
For Option3 with mixed HARQ feedback enabling/disabling, it is possible that some HARQ processes are configured as HARQ feedback disabled while the other HARQ processes are configured as feedback enabled. If we follow the R17 NTN DRX solution as baseline, for HARQ process with DL HARQ feedback disabled, the UE will not start the corresponding DL HARQ RTT timer. For the HARQ process with DL HARQ feedback enabled, the HARQ RTT timer length is increased by an offset equal to UE-gNB RTT. Therefore, for the different HARQ processes scheduled by multi-TB scheduling, the behaviour of HARQ RTT timer can be different. In our understanding, only for the HARQ processes with HARQ feedback enabled, the scheduling for the next new transmission or retransmission can base on the HARQ feedback and the HARQ RTT timer can be started.
Proposal 9a: For RRC-based HARQ enabling/disabling indication, if the HARQ feedback disabling/enabling is mixed for the HARQ processes scheduled by a single DCI, UE should only start the HARQ RTT Timers for the HARQ processes with HARQ feedback enabled. 
Proposal 9b: The HARQ RTT timer is started in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB associated with the HARQ process configured with HARQ feedback enabled.

2.2 UL DRX impacts 
2.2.1 NB-IoT with two HARQ processes
For NB-IoT with single HARQ processes, if the HARQ process is configured with HARQ mode B, RAN2 agreed UE should start/restart drx-inactivity timer directly without involvement of UL HARQ RTT timer. The exact start time point is the subframe containing the last repetition of the corresponding PUSCH reception plus 1 subframe plus deltaPDCCH.
	Agreement on RAN2#123:
For a NB-IoT UE configured with a single HARQ process, if the HARQ process is configured with HARQ mode B, UE (re)starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH transmission plus 1 subframe plus deltaPDCCH.



For NB-IoT with two HARQ processes, it is not clear whether UE should follow the same behaviour as single HARQ process on the drx-inactivity timer (re)start, considering the RAN1 LS as below.
	Excerpt from LS R1-2306182:
RAN2’s question 1a: For an UL HARQ process with HARQ mode B for NB-IoT UEs, what is the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process?  
RAN1 response: 
For a NB-IoT UE operating with two HARQ processes, for an UL HARQ process with HARQ mode B, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 1 ms.
· Note: this implies a RAN1 specification change in Rel-18.
For a NB-IoT UE operating with one HARQ process, for an UL HARQ process with HARQ mode B, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring is 1 ms.
· Note: this implies a RAN1 specification change in Rel-18.



For NB-IoT single HARQ process case, in Rel-17, new transmission grant will not trigger the start of drx-InactivityTimer while the timer will be started if a UL HARQ RTT timer expires, and the timer is stopped when receiving the UL/DL assignment. 
However, in Rel-18, if the HARQ is configured with HARQ ModeB the UL HARQ RTT Timer is not started upon the last PUSCH transmission in IoT NTN. This implies, for single HARQ process, both the drx-inactivityTimer and the retransmission timer (when the transmission is not successful) will not be started for IoT NTN if it is configured with HARQ ModeB. Therefore, RAN2 agreed to define new triggering for the (re)start of drx-InactivityTimer in single HARQ process with HARQ configured with HARQ mode B.
Observation 6: For NB-IoT configured with single HARQ process, if the HARQ is configured with HARQ Mode B, UL HARQ RTT timer is not started which will cause no (re)start of the drx-inactivityTimer. Therefore, RAN2 defines the new triggering of drx-inactivityTimer (i.e., in the subframe containing the last repetition of the corresponding PDSCH reception plus 1 subframe plus deltaPDCCH) 
For NB-IoT with two HARQ processes case, new transmission grant will trigger the (re)start of drx-InactivityTimer which is different from NB-IoT configured with one HARQ process.  In this case, the drx-inactivityTimer will be (re)started after a new transmission grant. Therefore, same as NR NTN, the optimization to define the new triggering of drx-inactivityTimer is not needed even if one or more HARQ processes configured with HARQ feedback disabled.
Observation 7: For NB-IoT configured with two HARQ processes, different from NB-IoT with single HARQ process, there is no motivation to define new triggering of drx-inactivityTimer for HARQ configured with HARQ Mode B.
Furthermore, in the post-meeting email discussion on MAC running CR, there is proposal to change the drx-inactivityTimer behaviour in two HARQ processes case based on RAN1 LS in which RAN1 clarified the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 1 ms. In our understanding, RAN1 agreement is to lift PDCCH monitor restriction for HARQ Mode B (i.e., the previous PDCCH monitoring restriction from downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3 is not applied anymore). In the agreed CR for 36.213 (as below), RAN1 already lift the PDCCH monitor restriction for HARQ Mode B by adding the exception. Additionally, the 1ms gap between the PUSCH transmission and PDCCH monitoring has been captured as guard period in legacy (refer to TS36.211 6.2.5).
	Excerpt from RAN1 R1-2308693:
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: _Hlk136604323][bookmark: OLE_LINK1][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, and the UE is configured with higher layer parameter downlinkHARQ-FeedbackDisabled-Bitmap-NB indicating disabled HARQ-ACK information for the same HARQ process ID;



As discussed in section 2.1, in MAC specification, it’s our understanding that even UE is in DRX Active time, UE should follow the PDCCH monitoring referring to RAN1 specification. Therefore, it is not needed for RAN2 to duplicate the capture of the PDCCH restriction in MAC specification and change the DRX procedures/DRX timer in order to exactly match any RAN1 defined PDCCH monitoring behaviour. Furthermore, the full duplex UE has the capability to monitor the PDCCH every subframe while it does not mean NW shall guarantee the UE can always monitor the PDCCH by keeping it in DRX active state. Thus, it is not reasonable to change the DRX procedures and DRX timers to match PDCCH monitoring restriction as defined by RAN1. 
Proposal 10: For NB-IoT UE configured with two HARQ processes and at least one of them is configured with HARQ mode B, there is no need to change the operation on drx-InactivityTimer (i.e., it is sufficient to capture the 1 subframe PDCCH monitor restriction in RAN1 spec).

2.2.2 eMTC over NTN
For eMTC over NTN, there was also some discussions in the post-meeting email discussion on MAC running CR regarding the change of operation on drx-InactivityTimer if HARQ process is configured with mode B, to reflect RAN1 LS that the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is 1 ms for half duplex and the 0 ms for full duplex. 
As discussed above, UE has the capability to monitor the PDCCH every subframe does not mean NW shall guarantee the UE can always monitor the PDCCH by keeping it in DRX active state. Thus, it is not reasonable to change the DRX procedures and DRX timers to match PDCCH monitoring restriction as defined by RAN1. Instead, when UE is in DRX Active time, UE should follow the PDCCH monitoring referring to RAN1 specification. Therefore, if a HARQ process is configured with HARQ mode B, there is no need to change the drx-inactivityTimer operation to match the PDCCH monitoring restriction defined by RAN1. 
	Excerpt from LS R1-2306182:
RAN2’s question 1b: For an UL HARQ process with HARQ mode B for eMTC UEs, what is the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process?
RAN1 response: 
For an UL HARQ process with HARQ mode B for eMTC UEs, the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is 1 ms for Type B half-duplex FDD operation, and there is no minimum time restriction between the end of PUSCH transmission and the start of MPDCCH monitoring for full-duplex FDD operation.



Proposal 11: For eMTC over NTN with HARQ process configured with HARQ mode B, there is no need to change drx-InactivityTimer operation.

2.2.3 Multiple TB scheduling
On UL multiple TB scheduling, in RAN2 #121bis meeting, it was agreed to send LS to RAN1 to check which UL HARQ mode combination(s) are to be supported for UL multiple TB scheduling and  question 2 as below is asked in the LS from RAN2 to RAN1[R2-2304274]:
	RAN2’s question 2: For UL multiple TB scheduling, which of the following HARQ mode combinations does RAN1 intend to support for eMTC and NB-IoT?
· Case 1: all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A
· Case 2: all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode B
· Case 3: some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A and the others are configured with HARQ mode B




RAN1  replied  one LS to RAN2 [R1-2306182.] with below agreement and answers, RAN2 is expected to make the decision: 
	Agreement
Adopt the response below to RAN2’s question 2: 
· [bookmark: _Hlk142482975]Whether/how to support case 1, case 2 and/or case 3 for UL multiple TB scheduling for eMTC and NB-IoT is transparent to RAN1 and can be left to RAN2 decision.




RAN2 has agreed that, for both NB-IoT and eMTC, UL HARQ mode configuration is based on RRC signalling (instead of both DCI-based and RRC-based solutions as defined in DL) to simplify the impact to specification. Following the same principle, to simplify the standardization effort, the same UL HARQ mode should be used for the scheduled HARQ processes (i.e., Case1 and Case 2). In other words, the DRX operation for multi-scheduling in UL with HARQ mode A/B can be simplified if the HARQ modes for all the scheduled HARQ processes.
Proposal 12: The same HARQ mode should be applied to all the scheduled HARQ processes in UL multiple TB scheduling for eMTC and NB-IoT.

2.3	HARQ mode and HARQ feedback configuration for SPS 
For HARQ mode configured to UL SPS, it is still open whether any enhancement should be introduced for IoT NTN. In the email discussion [1], below three options are on table.
· Option1: follow NR NTN agreements.
· It is up to network implementation to ensure proper configuration of HARQ mode for HARQ processes used by a CG configuration (no Stage 3 specification impact).
· RAN2 understanding is that: in general, all HARQ processes used by a CG configuration are configured with the same HARQ state (e.g. A or B). No specification impact. 
· Option2a: For eMTC, a new separate configuration of HARQ mode is used to control the HARQ mode of the UL SPS. 
· Option2b: For NB-IoT, if HARQ process 0 has been configured with HARQ mode B, and SPS has been configured, it can be considered as the SPS has been configured with HARQ mode B. 
The issue has been discussed for NR NTN for many meetings, in general, the Option2a and Option2b are the optimization for the HARQ mode configuration for SPS. However, it was not agreed in NR NTN in the end since companies think network implementation can ensure proper configuration of HARQ mode for HARQ processes used by a UL SPS configuration. For IoT NTN, we prefer to keep the same principle.
Proposal 13: In IoT NTN, follow NR NTN agreements for UL SPS HARQ mode configuration.
· It is up to network implementation to ensure proper configuration of HARQ mode for HARQ processes used by a UL SPS configuration (no Stage 3 specification impact).
· RAN2 understanding is that: in general, all HARQ processes used by a UL SPS configuration are configured with the same HARQ state (e.g. A or B). No specification impact.
 For HARQ feedback configured for DL SPS configuration, similar as UL SPS, we prefer to follow NR NTN agreements as well.
Proposal 14: In IoT NTN, follow NR NTN agreements on HARQ feedback configuration for DL SPS.
· It is up to network implementation to ensure proper configuration of HARQ feedback (e.g., enabled or disabled) for HARQ processes used by an SPS configuration (no Stage 3 specification impact).
· RAN2 understanding is that: in general, all HARQ processes used by an SPS configuration are configured with the same HARQ feedback enabled/disabled state. No specification impact.
2.4	Unreliable Timing Advance Report MAC CE transmission
For eMTC NTN, whether to enhance the TAR MAC CE transmission to avoid or mitigate the outdated TA and Koffset impact in Rel-18 was briefly discussed in email discussion [1]. Since the companies have divergent views (7 companies agree, 7 companies disagree and 1 company with no strong view), there is no agreement on whether and how to address the issue.
As explained in paper R2-2308228, 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, we would like to emphasize 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 8: 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 9: 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 10: The outdated Koffset may cause PUSCH transmission failure in eMTC NTN.
Proposal 15: The PUSCH transmission failure issue caused by unreliable TAR MAC CE transmission should be addressed for eMTC NTN. 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 16: The TAR MAC CE transmission reliability should be enhanced at least, to avoid PUSCH transmission failure caused by outdated TA.
3	Conclusion
This document has made the following observations:
Observation 1: For NB-IoT configured with single HARQ process, in Rel-17, new transmission grant will not trigger the start of drx-InactivityTimer while the timer will be started if HARQ RTT timer expires.
Observation 2: For NB-IoT configured with single HARQ process, if the HARQ feedback is disabled, HARQ RTT timer is not started which will cause no (re)start of the drx-inactivityTimer. Therefore, RAN2 defines the new triggering of drx-inactivityTimer in Rel-18  (i.e., in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH)
Observation 3: For NB-IoT configured with two HARQ processes, different from NB-IoT with single HARQ process, there is no motivation to define new triggering of drx-inactivityTimer for HARQ feedback disabled case. 
Observation 4: The PDCCH monitoring modification requested by WA2 has been captured in RAN1 specification (i.e., TS36.213). 
Observation 5: 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 6: For NB-IoT configured with single HARQ process, if the HARQ is configured with HARQ Mode B, UL HARQ RTT timer is not started which will cause no (re)start of the drx-inactivityTimer. Therefore, RAN2 defines the new triggering of drx-inactivityTimer (i.e., in the subframe containing the last repetition of the corresponding PDSCH reception plus 1 subframe plus deltaPDCCH) 
Observation 7: For NB-IoT configured with two HARQ processes, different from NB-IoT with single HARQ process, there is no motivation to define new triggering of drx-inactivityTimer for HARQ configured with HARQ Mode B.
Observation 8: 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 9: Based on current specification, the outdated Koffset issue will happen frequently in NTN.
Observation 10: The outdated Koffset may cause PUSCH transmission failure in eMTC NTN.
And proposed the following:
Proposal 1: For NB-IoT UE configured with two HARQ processes and at least one of them is configured with HARQ feedback disabled, there is no need to change the operation on drx-InactivityTimer (i.e., it is sufficient to capture the 12 subframes PDCCH monitor restriction in RAN1 spec).
Proposal 2: The change of drx-InactivityTimer operation defined for NB-IoT single HARQ process (configured with HARQ feedback disabled) should not be applied to eMTC over NTN.
Proposal 3: For WA2 (Option3 override Option1) in NB-IoT NTN, there is no need to capture the corresponding PDCCH monitoring restriction in MAC specification (i.e., it is sufficient to capture the PDCCH monitoring change requested by WA2 in RAN1 spec.)
Proposal 4: For a HARQ process configured with HARQ feedback disabled by RRC while reverted to HARQ feedback enabled in a DCI grant, the UE will follow the DRX behaviour for HARQ process with HARQ feedback disabled (e.g., not start the corresponding DL HARQ RTT timer for this HARQ process.)
Proposal 5: For DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduling, if the DCI indicate HARQ feedback enabled, the DRX behaviour can be defined as below:
· The HARQ RTT timer length of these HARQ processes is increased by an offset equal to UE-gNB RTT 
· Start the HARQ RTT Timers for these HARQ processes in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB. 
Proposal 6: For DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduling, if the DCI indicate HARQ feedback disabled, the DRX behaviour can be defined as below:
· DL HARQ RTT timer for these scheduled HARQ processes is not started.
Proposal 7: For NB-IoT over NTN, if the DCI indicates HARQ feedback disabled for all the HARQ processes scheduled in multi-TB scheduling, RAN2 to discuss whether 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 8: For RRC-based HARQ enabling/disabling indication , if the HARQ feedback disabling/enabling is configured as same feedback mode for all the HARQ processes scheduled by a single DCI, the DRX impact can follow the same principle for DCI-based HARQ enabling/disabling direct indication.
Proposal 9a: For RRC-based HARQ enabling/disabling indication, if the HARQ feedback disabling/enabling is mixed for the HARQ processes scheduled by a single DCI, UE should only start the HARQ RTT Timers for the HARQ processes with HARQ feedback enabled. 
Proposal 9b: The HARQ RTT timer is started in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB associated with the HARQ process configured with HARQ feedback enabled.
Proposal 10: For NB-IoT UE configured with two HARQ processes and at least one of them is configured with HARQ mode B, there is no need to change the operation on drx-InactivityTimer (i.e., it is sufficient to capture the 1 subframe PDCCH monitor restriction in RAN1 spec).
Proposal 11: For eMTC over NTN with HARQ process configured with HARQ mode B, there is no need to change drx-InactivityTimer operation.
Proposal 12: The same HARQ mode should be applied to all the scheduled HARQ processes in UL multiple TB scheduling for eMTC and NB-IoT.
Proposal 13: In IoT NTN, follow NR NTN agreements for UL SPS HARQ mode configuration.
· It is up to network implementation to ensure proper configuration of HARQ mode for HARQ processes used by a UL SPS configuration (no Stage 3 specification impact).
· RAN2 understanding is that: in general, all HARQ processes used by a UL SPS configuration are configured with the same HARQ state (e.g. A or B). No specification impact.
Proposal 14: In IoT NTN, follow NR NTN agreements on HARQ feedback configuration for DL SPS.
· It is up to network implementation to ensure proper configuration of HARQ feedback (e.g., enabled or disabled) for HARQ processes used by an SPS configuration (no Stage 3 specification impact).
· RAN2 understanding is that: in general, all HARQ processes used by an SPS configuration are configured with the same HARQ feedback enabled/disabled state. No specification impact.
Proposal 15: The PUSCH transmission failure issue caused by unreliable TAR MAC CE transmission should be addressed for eMTC NTN. Otherwise, the benefit of introducing the TA report MAC CE mechanism cannot be achieved.
Proposal 16: The TAR MAC CE transmission reliability should be enhanced at least, to avoid PUSCH transmission failure caused by outdated TA.
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