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Introduction
In the last RAN2#123bis meeting, the agreements about HARQ enhancements were reached as following:
	RAN2#123bis meeting 
Agreements:
1. For NB-IoT UEs configured with two HARQ processes and at least one of them is configured with HARQ feedback disabled, RAN2 does not change the operation on drx-InactivityTimer for single-TB scheduling case.
2. 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. 
3. For multiple UL TBs scheduling, it is up to network implementation to configure multiple TBs using HARQ processes in the same or different HARQ modes. Start time for UL HARQ RTT timer for mode A will not change
4. For multiple TB scheduling with the same HARQ feedback enabled/disabled configuration (by RRC/DCI), HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy (can further check in offline 308)
5. For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration (by RRC), if HARQ-ACK bundling is configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.
6. HARQ mode configuration is not applicable for PUR in IoT NTN

Agreements:
1. For NB-IoT UE configured with two HARQ processes and at least one of them is configured with HARQ mode B, RAN2 does no change to the operation on drx-InactivityTimer for single TB scheduling case.
2. For eMTC over NTN with HARQ process configured with HARQ mode B, there is no need to change drx-InactivityTimer operation.
3. For NB-IoT, for a HARQ process configured as HARQ feedback enabled by RRC and further reversed to HARQ feedback disabled by DCI, UE behaviour on DRX follows the case when HARQ feedback is disabled (e.g., not start the corresponding DL HARQ RTT Timer for this HARQ process, and for NB-IoT NTN with single HARQ processes, start drx-InactivityTimer in the subframe containing the last repetition of the PDSCH plus 12 subframes plus deltaPDCCH).
4. For multiple TB scheduling with the same HARQ feedback enabled configuration at least by RRC, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.
5. In Rel-18 IoT NTN, if a NB-IoT UE receives a PDCCH indicating the transmission for multiple DL TBs, UE stops drx-InactivityTimer as legacy, regardless of the enabling/disabling HARQ feedback configuration for each of the multiple scheduled TB.
6. For UL multiple TB scheduling, UE only starts the UL HARQ RTT Timer for the HARQ process(es) with HARQ mode A.
7. In Rel-18 IoT NTN, if a NB-IoT UE receives a PDCCH indicating the transmission for UL multiple TBs, UE stops drx-InactivityTimer as legacy, regardless of the HARQ mode configuration for each of the multiple scheduled TB.
8. HARQ feedback enabled/disabled and HARQ mode configuration related to SPS are already perfectly captured by the NOTE in stage-2 running CR (no further spec changes are needed)


In this paper, we will further discuss the remaining issues of HARQ enhancements based on the latest RAN1 and RAN2 progresses.
Discussion
DRX timers handling for NB-IoT multiple TB scheduling case
During RAN2#123bis, the following two issues for NB-IoT multiple TB scheduling case were discussed. Some new processes, e.g., to directly start/restart drx-inactivityTimer, have been mentioned during the offline email discussion. As RAN2 has no enough time to discuss this aspect, no agreement can be achieved.
Issue 1: For multiple DL TB scheduling, if only one of the HARQ processes is configured with disabled HARQ feedback (by RRC/DCI), whether to start/restart drx-inactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH?
For multiple HARQ processes and single DL TB scheduling, the operation of HARQ RTT timer has been agreed, e.g., for a HARQ process configured as HARQ feedback disabled by RRC or DCI, the corresponding HARQ RTT timer isn’t started. For multiple DL TB scheduling, the straightforward operation about HARQ RTT timer is to follow the operation of each HARQ process for single TB scheduling. That is, if one HARQ process is configured with HARQ feedback disabled (by RRC/DCI), the corresponding HARQ RTT timer isn’t started. And, for the other HARQ process configured with HARQ feedback enabled (by RRC/DCI), the corresponding HARQ RTT timer is started as legacy. Then, when the HARQ RTT Timer expires, drx-InactivityTimer will be started to ensure UE monitor PDCCH for the following scheduling.
During last meeting discussion, the proponent company suggests that UE needs to start drx-InactivityTimer after PDSCH reception so that UE can monitor PDCCH scheduling for the HARQ process with disabled HARQ feedback, e.g., before expiry of HARQ RTT Timers for the HARQ process with enabled HARQ feedback. However, we see this case is same as the above multiple HARQ processes and single DL TB scheduling case. Since we haven’t introduced any enhancement for the HARQ process with disabled HARQ feedback, we see no justification for new enhancement in this multiple TB scheduling case.
Proposal 1a: For DL multiple TB scheduling for NB-IoT, if only one of the HARQ processes is configured with disabled HARQ feedback (by RRC/DCI), it’s no need to directly start/restart drx-inactivityTimer at the last repetition of PDSCH reception. That means drx-inactivityTimer is started/restarted as legacy.
Moreover, for multiple UL TB scheduling, according to the agreement “For multiple UL TBs scheduling, it is up to network implementation to configure multiple TBs using HARQ processes in the same or different HARQ modes. Start time for UL HARQ RTT timer for mode A will not change”, it is also possible that only one of the HARQ process is configured with HARQ mode B while other HARQ process is configured with HARQ mode A. Similarly as DL multiple TB scheduling case, since UL HARQ RTT timers is started for the HARQ process with HARQ mode A, and then drx-InactivityTimer will be started when the UL HARQ RTT Timer expires. Hence, for multiple TB scheduling, if one of the HARQ processes is configured with HARQ mode B, it’s no need to directly start drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH. That means drx-inactivityTimer is started/restarted as legacy.
Proposal 1b: For UL multiple TB scheduling for NB-IoT, if only one of the HARQ processes is configured with HARQ mode B, it’s no need to directly start/restart drx-inactivityTimer at the last repetition of PUSCH transmission. That means drx-inactivityTimer is started/restarted as legacy.

Issue 2: for DL multiple TB scheduling, if all the HARQ processes are configured with disabled HARQ feedback (by RRC/DCI), whether to start/restart drx-inactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH?
According to the above analysis, if all the HARQ processes are configured with disabled HARQ feedback (by RRC/DCI), no HARQ RTT timer would be started. Then the proponent companies worry that there is no running DRX timer can ensure UE monitor PDCCH for the following scheduling. Hence, they suggest to directly start a drx-inactivityTimer at the last repetition of the PDSCH transmission.
We can further check that, according to the below description in 36.321 (see the CR agreed in principle [R2-2311541]), for NB-IoT multiple TB scheduling, no drx-inactivityTimer will be started after reception of PDCCH indicating a new transmission for multiple TB. Moreover, it’s also possible that drx-InactivityTimer is stopped if a NB-IoT UE receives a PDCCH indicating the transmission for multiple TBs.
	5.7 Discontinuous Reception (DRX)
<skip the unrelated part>
-	if the PDCCH indicates a new transmission (DL, UL or SL):
-	if the UE is an NB-IoT UE:
-	if the UE is configured with more than one HARQ process and PDCCH indicate the transmission is for a single TB:
- 	start or restart drx-InactivityTimer.
-	else:
-	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.
-	stop onDurationTimer.


Based on the above check, we confirm the issue that drx-inactivityTimer cannot be started does exist in the NB-IoT multiple TB scheduling case, which is similar as the case of single HARQ process configured with disabled HARQ feedback. So we are fine to adopt the similar solution as single HARQ process case. 
So the following proposals made during last meeting offline discussion for both DL and UL multiple TB scheduling can be agreed:
Proposal 2a: For DL multiple TB scheduling for NB-IoT, if all the HARQ processes are 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 2b: For UL multiple TB scheduling for NB-IoT, if all the 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.

Moreover, according to all the previous meeting agreements, in the latest 36.321 running CR[2], the conditions of starting drx-inactivityTimer in DL are enhanced as below:
	5.7	Discontinuous Reception (DRX)
When DRX is configured, the MAC entity shall for each subframe:
<skip the unrelated parts>
-	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 for the corresponding HARQ process: or
-	if the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled for the corresponding HARQ process and further reversed to enabled by lower layers:
-	if a NB-IoT UE is configured with a single DL and UL HARQ process:
-	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.
-	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.
-	if the PDCCH indicates an UL transmission for an asynchronous HARQ process or if an UL grant has been configured for an asynchronous HARQ process for this subframe, or if the PDCCH indicates an UL transmission for an autonomous HARQ process or;
<skip the unrelated parts>


Per our understanding, the condition marked highlight yellow is still unclear. This condition is too broad and literally it can already cover the following condition marked highlight green. Hence, we suggest to clarify the specific condition. We assume the condition marked highlight yellow should correspond to the condition of only DCI-based direct indication or only RRC bitmap-based solution.
According to the previous agreement, for only DCI-based direct indication or only RRC bitmap-based solution, if a NB-IoT UE is configured with a single HARQ process and if the HARQ feedback is disabled for the corresponding HARQ process, UE starts drx-InactivityTimer at the last repetition of the PDSCH transmission, otherwise, UE doesn’t start HARQ RTT timer. So our suggested modification is as below.
Proposal 3: Capture the following modification in 5.7 of TS 36.321 running CR:
	-	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 for the corresponding HARQ process:if downlinkHARQ-FeedbackDisabled-DCI is not configured and the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled-Bitmap for the corresponding HARQ process; or
-	if downlinkHARQ-FeedbackDisabled-Bitmap is not configured and the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled-DCI for the corresponding HARQ process; or
-	if the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled-Bitmap for the corresponding HARQ process and further reversed to enabled by lower layers:
-	if a NB-IoT UE is configured with a single DL and UL HARQ process:
-	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.
-	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;



HARQ RTT timer length
In last meeting, RAN2 has achieved the following agreement on HARQ RTT timer length calculation for multiple TB scheduling with the same HARQ feedback enabled configuration:
4. For multiple TB scheduling with the same HARQ feedback enabled configuration at least by RRC, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.
During offline discussion, all companies agree another proposal for the case that multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration and HARQ-ACK bundling is not configured. However, due to the typo, that proposal hasn’t been agreed. We need to firstly agree this following proposal:
Proposal 4: For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration, if HARQ-ACK bundling is not configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated based on the number of scheduled TBs with DL HARQ feedback enabled.
However, in the TS 36.321 running CR, for eMTC, the length of HARQ RTT timers is defined based on the number of scheduled TBs. That means, the HARQ RTT Timer length is related to the whole number of the scheduled TBs, e.g., m, which is not aligned with the above proposal 4. Therefore, if proposal 4 can be agreed, we suggest the changes as below.
Proposal 5: Capture the following modification on HARQ RTT timer length calculation for eMTC in 7.7 of TS 36.321 running CR:
	7.7	HARQ RTT Timers
For BL UEs and UEs in enhanced coverage, when multiple TBs are scheduled by PDCCH and HARQ-ACK bundling is not configured, the HARQ RTT Timer corresponds to 7 + m * N subframes plus DLoffset, where N is the used PUCCH repetition factor and m is the number of the associated HARQ feedback of scheduled TBs as indicated in PDCCH, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for m * N.



[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Proposal 1a: For DL multiple TB scheduling for NB-IoT, if only one of the HARQ processes is configured with disabled HARQ feedback (by RRC/DCI), it’s no need to directly start/restart drx-inactivityTimer at the last repetition of PDSCH reception. That means drx-inactivityTimer is started/restarted as legacy.
Proposal 1b: For UL multiple TB scheduling for NB-IoT, if only one of the HARQ processes is configured with HARQ mode B, it’s no need to directly start/restart drx-inactivityTimer at the last repetition of PUSCH transmission. That means drx-inactivityTimer is started/restarted as legacy.

Proposal 2a: For DL multiple TB scheduling for NB-IoT, if all the HARQ processes are 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 2b: For UL multiple TB scheduling for NB-IoT, if all the 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.

Proposal 3: Capture the following modification in 5.7 of TS 36.321 running CR:
	-	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 for the corresponding HARQ process:if downlinkHARQ-FeedbackDisabled-DCI is not configured and the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled-Bitmap for the corresponding HARQ process; or
-	if downlinkHARQ-FeedbackDisabled-Bitmap is not configured and the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled-DCI for the corresponding HARQ process; or
-	if the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled-Bitmap for the corresponding HARQ process and further reversed to enabled by lower layers:
-	if a NB-IoT UE is configured with a single DL and UL HARQ process:
-	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.
-	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;



Proposal 4: For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration, if HARQ-ACK bundling is not configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated based on the number of scheduled TBs with DL HARQ feedback enabled.

Proposal 5: Capture the following modification on HARQ RTT timer length calculation for eMTC in 7.7 of TS 36.321 running CR:
	7.7	HARQ RTT Timers
For BL UEs and UEs in enhanced coverage, when multiple TBs are scheduled by PDCCH and HARQ-ACK bundling is not configured, the HARQ RTT Timer corresponds to 7 + m * N subframes plus DLoffset, where N is the used PUCCH repetition factor and m is the number of the associated HARQ feedback of scheduled TBs as indicated in PDCCH, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for m * N.
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