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1 Introduction

In RAN2#123bis meeting, HARQ enhancement for IoT NTN was discussed, and the following agreements were reached.

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 contribution, we discuss open issues on HARQ enhancement for multiple TB scheduling for IoT NTN and provide our views.
2 Discussion
HARQ RTT Timer length for HARQ process with enabled HARQ feedback in multiple TB scheduling
The HARQ RTT Timer impact for DL multiple TB scheduling was discussed in RAN2#123bis meeting, with the following agreements made.

Agreements:

1. 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.

2. 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.

3. 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.

Besides the cases mentioned in the above first two agreements, another case is multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration, and HARQ-ACK bundling is not configured, which was also discussed during the last meeting’s offline discussion, but was missed in the summary. During the offline discussion, all the companies agreed with the following proposal.
	Proposal: 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.


Based on this, we give the following proposal.

Proposal 1 (Missing from summary of offline#308 @RAN2#123bis with unanimous support) 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.
drx-InactivityTimer in multiple TB scheduling for NB-IoT
According to the RAN1 agreements, for DL multiple TB scheduling, for DCI-based direct indication and RRC-based configuration + DCI-based overridden indication for enabling/disabling HARQ feedback, all scheduled TBs by single DCI are HARQ feedback enabled or HARQ feedback disabled by the DCI indication. And for RRC-based enabling/disabling HARQ feedback configuration (without DCI-based overridden indication), mixed HARQ feedback enabled/disabled configuration can be supported. If all the HARQ processes corresponding to the scheduled multiple TBs are configured with enabled HARQ feedback, UE behaviour on DRX follows Rel-17. So for DL multiple scheduling, we need to consider the impact of disabling HARQ feedback on DRX. There may be the following cases:
-  Case 1: All the HARQ processes corresponding to the scheduled multiple TBs are configured with disabled HARQ feedback.

-  Case 2: Some of the HARQ processes corresponding to the scheduled multiple TBs are configured with disabled HARQ feedback, while others are configured with enabled HARQ feedback.
Based on RAN2 agreement in RAN2#113bis meeting, if a NB-IoT UE receives a PDCCH indicating the transmission for DL multiple TBs, UE stops drx-InactivityTimer as legacy, regardless of the enabling/disabling HARQ feedback configuration for each of the multiple scheduled TB. Regarding when to start drx-InactivityTimer, RAN2 has not made conclusion yet. 
For case 1, since in legacy for NB-IoT, expiry of HARQ RTT Timer is the only triggering to start drx-InactivityTimer, if HARQ RTT Timer is not started, we need to define a new start condition for drx-InactivityTimer. In our view, we can reuse the solution for the case that UE is configured with a single HARQ process, i.e. 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.

For case 2, for NB-IoT, UE starts HARQ RTT Timer for the HARQ process with enabled HARQ feedback in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB. When HARQ RTT Timer for this HARQ process expires, UE will start drx-InactivityTimer. Regarding how to enable UE to monitor PDCCH indicating scheduling for the other HARQ process with disabled HARQ feedback, some companies think that this case is similar as Rel-17 NR NTN, i.e. UE’s PDCCH monitoring for the HARQ process with disabled HARQ feedback could rely on DRX Active Time due to other reasons. But note that in NR NTN, UE starts or restarts drx-InactivityTimer after receiving PDCCH indicating a new transmission, which makes it possible that UE’s PDCCH monitoring for the same HARQ process could rely on drx-InactivityTimer if the this HARQ process is configured with disabled HARQ feedback. But when we come to NB-IoT NTN, the situation is different, as UE stops drx-InactivityTimer after receiving PDCCH indicating the transmission for multiple DL TBs. In this way, after PDSCH reception, as neither drx-RetransmissionTimer nor drx-InactivityTimer is running before expiry of HARQ RTT Timer for the HARQ process with enabled HARQ feedback, PDCCH monitoring for the HARQ process configured with disabled HARQ feedback could only rely on drx-onDurationTimer. If DRX cycle is long, UE may have no way to monitor PDCCH. Therefore, for this case, we think UE needs to start drx-InactivityTimer after PDSCH reception. Based on RAN1 agreement, for a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor PDCCH in a period of Y=12ms from the end of reception of the PDSCH. For multiple-TB scheduling TB, this period of 12ms is counted from the end of reception of the last PDSCH. In addition, deltaPDDCH should be added as well. Therefore, the exact time point of starting drx-InactivityTimer should be the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH.

Proposal 2 For DL multiple TB scheduling for a NB-IoT UE, if both 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 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.

For UL multiple TB scheduling, based on RAN2 agreement in RAN2#123bis meeting, it can be up to network implementation to configure multiple TBs using HARQ processes in the same or different HARQ modes. So considering the impact of HARQ mode B in DRX, there may be following two cases.
-  Case 1: All the HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode B.

-  Case 2: Some of the HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ modeA, while others are configured with HARQ mode B.

Based on RAN2 agreement in RAN2#113bis meeting, 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. Regarding when to start drx-InactivityTimer, RAN2 has not made conclusion yet.  
For case 1, similar as DL, we need to define a new start condition of drx-InactivityTimer for NB-IoT. In our view, both processing time of 1ms for NB-IoT and delaPDCCH need to be taken into account for the start condition of drx-InactivityTimer, i.e. 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.

For case 2, similar as DL, for NB-IoT, we think UE needs to start drx-InactivityTimer after PUSCH transmission so that UE could monitor PDCCH for retransmission scheduling for the HARQ process configured with HARQ mode B, and the exact time point of starting drx-InactivityTimer can follow case 1.
Proposal 4 For UL multiple TB scheduling for a NB-IoT UE, if both HARQ processes are configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH.

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.
DCI override RRC on HARQ feedback disabling/enabling in multiple TB scheduling for NB-IoT

Regarding RRC based configuration + DCI based overridden indication for enabling/disabling HARQ feedback, there are the following two cases.

Case 1: a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI

Case 2: a HARQ process configured as HARQ feedback enabled by RRC and further reversed to HARQ feedback disabled by DCI
For case 1, RAN1 made the following working assumption 2 in RAN1#113 meeting, and this working assumption has been confirmed by both RAN2 and RAN1 in RAN2#123 meeting and RAN1#114bis meeting, respectively. 

	Agreement

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). 




In RAN2#123bis meeting, RAN2 further agreed that UE behaviour on DRX in this case follows the case when HARQ feedback is disabled.
So far, the above NPDCCH monitoring restriction rules for NB-IoT only applies to single TB scheduling. It seems that RAN1 is still discussing DCI overriding RRC for multiple-TB scheduling, and they mainly focus on the case of a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI. So for case 1 in DL multiple TB scheduling, RAN2 can wait for RAN1’s progress before we discuss UE DRX behaviour in this case.
Proposal 6 For multiple TB scheduling, for a HARQ process configured as disabled HARQ feedback by RRC and further reversed to enabled HARQ feedback by DCI, RAN2 waits for RAN1 progress before discussing UE’s DRX behaviour in this case. 
Regarding DRX behaviour in case 2, the following agreement were made in RAN2A#123bis meeting.

	Agreement
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


RAN1 is not discussing the above case for multiple TB scheduling. In our view, the above agreement applies to both single TB scheduling and multiple TB scheduling.
Proposal 7 RAN2 confirms that for both single TB scheduling and multiple TB scheduling, for the HARQ process(es) 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. 
3 Conclusion
Based on the discussion we give the following proposals:
Proposal 1 (Missing from summary of offline#308 @RAN2#123bis with unanimous support) 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.
Proposal 2 For DL multiple TB scheduling for a NB-IoT UE, if both 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 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 4 For UL multiple TB scheduling for a NB-IoT UE, if both HARQ processes are configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH.

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.
Proposal 6 For multiple TB scheduling, for a HARQ process configured as disabled HARQ feedback by RRC and further reversed to enabled HARQ feedback by DCI, RAN2 waits for RAN1 progress before discussing UE DRX behaviour in this case. 
Proposal 7 RAN2 confirms that for both single TB scheduling and multiple TB scheduling. 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. 
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