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1 Introduction

In this contribution, we discuss open issues on HARQ enhancement for multiple TB scheduling IoT NTN and provide our views.
2 Discussion
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, considering 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, it was discussed in RAN2#124 meeting, and RAN2 has agreed that for case1 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, but for case 2 RAN2 has not made conclusion yet. 
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. 
Regarding when UE starts drx-InactivityTimer, the following options are on the table.
· Option 1: 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.
· Option 2: UE starts drx-InactivityTimer in the subframe containing the last repetition of the HARQ feedback transmission for the HARQ process with enabled HARQ feedback plus 1 subframe plus deltaPDCCH.
For Option 1, the start time of drx-InactivityTimer is determined based on the PDCCH monitoring restriction defined by RAN1, i.e. once UE is allowed to monitor PDCCH for the given process after PDSCH reception, UE starts drx-InactivityTimer at the beginning of the next PDCCH occasion. Comparing to Option 1, the start time of drx-InactivityTimer in Option 2 will be later, i.e. UE needs to wait until finishing the HARQ feedback transmission for the HARQ process with enabled HARQ feedback. In last RAN2 meeting, some companies thought Option 1 means UE would monitor PDCCH for a very short time and then have to switch to transmit the HARQ feedback for the HARQ process with enabled HARQ feedback, so they thought it would be better for UE to start drx-InactivityTimer after HARQ feedback transmission. In our understanding, this is not a common case. In NTN, the time interval between the last subframe of the downlink transmission and the first subframe of the HARQ feedback transmission k = k1 + koffset- UE’s TA, where k1 is indicated in DCI. If the Koffset value is much larger than UE’s TA, e.g. network does not configure a UE-specific Koffset for a UE at the cell centre and the cell-specific Koffset is used, the value of k would be much longer than 12 subframes. Obviously, option 1 is more reasonable. 
Proposal 1 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, it was discussed in RAN2#124 meeting, and RAN2 has agreed that for case1 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., but for case 2 RAN2 has not made conclusion yet. 

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 2 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 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 enabled by RRC and further reversed to HARQ feedback disabled by DCI 

Case 2: a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI

For case1, the following agreement was made in RAN2#124 meeting. 
Agreement in RAN2#124:
1. 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

For case 2, RAN1 made the following working assumption 2 for single TB scheduling 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 in RAN1#114bis:
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 and made the following agreement.

Agreement in RAN2#123bis:
1. 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.

In our understanding, the above agreement in RAN2#123bis meeting only applies to single TB scheduling, which is aligned with RAN1 #114bis agreement. For multiple TB scheduling, RAN1 made the following agreement in RAN1#115.
	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.


Based on above RAN1 agreement, for multiple TB scheduling, if the HARQ processes are configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, UE behaviour on DRX should follow the case when HARQ feedback is enabled.
Proposal 3 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, UE behaviour on DRX follows the case when HARQ feedback is enabled. 
HARQ RTT Timer length for HARQ process with enabled HARQ feedback in multiple TB scheduling for NB-IoT

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:

1. 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.
	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+m*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.


Note that in legacy, for multiple TB scheduling and if HARQ-ACK bundling is configured, HARQ RTT Timer is k+3+N subframes plus deltaPDCCH, where the 3 subframe includes UE-eNB RTT and eNB processing/scheduling delay. For multiple TB scheduling and if HARQ-ACK bundling is not configured, HARQ RTT Timer is k+2*N+1 subframes plus deltaPDCCH, where the 1 subframe is the UE processing time, and for this case the 3 subframes for UE-eNB RTT and eNB processing/scheduling delay is not counted since eNB may get ready to schedule the HARQ process used by the first TB when it receives the first HARQ-ACK information, in other words, the UE-eNB RTT and eNB processing/scheduling delay can be coved by the transmission duration of the second HARQ-ACK. In Rel-17 IoT NTN, HARQ RTT Timer is extended by simply adding a RTToffset. In our understanding, for the case of multiple TB scheduling and HARQ-ACK bundling is not configured, if one process is configured with disabled HARQ feedback and the other HARQ process is configured with enabled HARQ feedback, UE would transmit one HARQ feedback, this is more like the case of multiple TB scheduling when HARQ-ACK bundling is configured, so we think in this case the HARQ RTT Timer for the HARQ process with enabled HARQ feedback should be k+3+N plus RTToffset + deltaPDCCH rather than k+N+1 plus RTToffset + deltaPDCCH.
Proposal 4 For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration for NB-IoT, if HARQ-ACK bundling is not configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is k+3+N plus RTToffset + deltaPDCCH.
3 Conclusion
Based on the discussion we give the following proposals:
Proposal 1 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 2 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 3 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, UE behaviour on DRX follows the case when HARQ feedback is enabled. 

Proposal 4 For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration for NB-IoT, if HARQ-ACK bundling is not configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is k+3+N plus RTToffset + deltaPDCCH. 

8/8


