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1. Introduction
In the previous meetings, some progresses were made on the signaling to support HARQ feedback enabling / disabling for DL and HARQ mode A / B for UL, and the related agreements are as following:
	RAN2#119bise:
Agreements:
1. For NB-IoT, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signaling (e.g. RRCConnectionSetup). This does not preclude other options (e.g. DCI-based). We can also revert this decision if requested by RAN1.
2. Disabling HARQ feedback is supported for NB-IoT with single HARQ process, and it is up to eNB implementation whether to disable the HARQ feedback
Working Assumption:
1. Blind retransmission can be used in IoT NTN when HARQ feedback is disabled and when HARQ mode B is used (RAN2 assumes there is no spec change for this)
Agreements:
1. HARQ mode A/B for uplink transmission may be configured per UL HARQ process at least via UE specific RRC signalling for eMTC and NB-IOT NTN. We can also revert this decision if requested by RAN1
Agreements:
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.
2. 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 (can still check whether the alternative to set the HARQ RTT timer to 0 also works)
3. RAN2 agree to take R17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process in HARQ mode B, the UE will not start the corresponding UL HARQ RTT timer.
4. For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission (can still check whether other alternatives also work)
5. The solutions of LCP restriction on allowed HARQ mode in NR NTN can be reused for eMTC NTN.
RAN2#120:
Agreements:
1. 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.
2. RAN2 understands that something needs to be added to consider the processing time also for inactivity timer of HARQ mode B. Continue the discussion on the details in the next meeting.


In this paper, we will further discuss the remaining issues for the HARQ feedback disabling.
2. Discussion
2.1 Impacts on DRX timer 
· DRX timer for DL
[bookmark: OLE_LINK2]In RAN1#110bis meeting, it reached an agreement ‘For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH’. For NB-IoT NTN with single HARQ process, when the HARQ feedback is disabled, if the blind retransmissions and new data transmission rely on on-duration timer, it will reduce the schedule opportunities and restrict the NW scheduling flexibility. Hence, RAN2 agreed that ‘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’ in RAN2#120 meeting.
However, for NB-IoT, the PDCCH occasion are configured periodically for UE to determine the PDCCH search space. It may be possible that the ending time of PDSCH plus 12 subframes is not aligned with PDCCH occasion. In other words, the starting time of drx-inactivity timer may be not within a PDCCH occasion, as illustrated in Fig.1. In this case, the real time period that UE can monitor PDCCH will be reduced. In order to avoid such case, we suggest to also apply the deltaPDCCH in the determination of the starting time of drx-inactivity timer. Here deltaPDCCH would correspond to the interval starting from the subframe following the last subframe of the PDSCH plus 12 subframes to the first subframe of the next PDCCH occasion. In final, 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, as illustrated in Fig.1.
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Fig.1.
Proposal 1: To correct a previous agreement as below:
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.
Moreover, for NB-IoT NTN with two HARQ processes, it is up to gNB’s implementation to enable or disable HARQ feedback for each HARQ process. If the HARQ feedback of one HARQ process (e.g., HARQ process-1) is disabled while the HARQ feedback of another HARQ process (e.g., HARQ process-2) is enabled, according to the previous agreements in RAN2, the UE will neither start/restart the corresponding HARQ RTT timer nor the drx-inactivity timer for the HARQ process with disabled HARQ feedback. In this case, in MAC layer, this would be no timer to guarantee UE to monitor the next PDCCH after Y=12(ms) from the ending of the last PDSCH for this HARQ process-2. Hence, it is up to gNB’s implementation to schedule the next PDCCH after Y=12(ms) plus deltaPDCCH from the ending of the last PDSCH for this HARQ process-1, e.g., the HARQ process with disabled HARQ feedback.
Observation 1: for NB-IoT NTN with two HARQ processes, for the HARQ process with disabled HARQ feedback, it is up to gNB’s implementation to schedule the next PDCCH after Y=12(ms) plus deltaPDCCH from the ending of the last PDSCH.
In RAN1#112 meeting, an agreement about the process time was also reached for eMTC as below:
	Agreement
For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding MPDCCH for the given HARQ process that starts at a BL/CE DL subframe until X=3 (ms) have passed after the end of the reception of the last PDSCH for that HARQ process. 


The eMTC has more than one HARQ processes that is similar as NB-IoT with two HARQ processes. So as analysis above, for a DL HARQ process with disabled HARQ feedback in eMTC, UE will neither start/restart the corresponding HARQ RTT timer nor the drx-inactivity timer. Hence, it is also up to gNB’s implementation to schedule the next PDCCH after X=3 (ms) from the ending of the last PDSCH for the HARQ process with disabled HARQ feedback.
Observation 2: for eMTC NTN, for the HARQ process with disabled HARQ feedback, it is up to gNB’s implementation to schedule the next PDCCH after X=3 (ms) from the ending of the last PDSCH.
Furthermore, the HARQ feedback is important for MAC PDU transmission. It’s not only beneficial for gNB to avoid the wrong blind scheduling under bad channel quality but also beneficial for gNB to determine whether the MAC CE become valid. So for NB-IoT NTN and eMTC NTN for CE Mode B, RAN1 has agreed to support dynamically enabling/disabling of HARQ feedback for downlink transmission via DCI (e.g., DCI-based overridden mechanism). And in RAN1#112 meeting, a related agreement was reached as below:
	Agreement
For DCI-based overridden mechanism/indication in single TB scheduled by DCI, down select one of the following alternatives based on the criteria DCI overhead, PDCCH monitoring/power consumption, HARQ timer, impact on scheduling flexibility, UE implementation complexity
· Alternative 1: applies to both semi-statically HARQ enabled and disabled processes
· Alternative 2: only applied to semi-statically HARQ disabled processes
· Alternative 3: only applied to semi-statically HARQ enabled processes


From RAN2 perspective, considering the flexible scheduling of gNB, we suggest to adopt Alternative 1. The relevant application scenarios are discussed below:
As we know, the disabled HARQ feedback is used to avoid the HARQ stalling. In the case that the amount of data to be scheduled is relatively small, in order to guarantee the reliability, gNB could enable the HARQ feedback for a HARQ process semi-statically by RRC. However, the amount of coming data may increase as time goes by, gNB could disable the HARQ feedback for this HARQ process dynamically by DCI to avoid the possible HARQ stalling and start the blind scheduling timely. Correspondingly, for NB-IoT NTN with two HARQ process and eMTC NTN for CE Mode B, the HARQ RTT timer will not be started and UE will rely on eNB’s scheduling. For NB-IoT NTN with single HARQ process, the drx-inactivity timer would be started.
Proposal 2a: For NB-IoT NTN with two HARQ processes and eMTC NTN for CE Mode B, if the HARQ feedback has been enabled for a HARQ process by RRC and later a DCI for disabling the HARQ feedback of this HARQ process is received, the UE won’t start/restart the corresponding HARQ RTT timer.
Proposal 2b: For NB-IoT NTN with single HARQ process, if the HARQ feedback has been enabled by RRC and disabled by DCI and later a DCI for disabling the HARQ feedback is received, the UE will start/restart drx-inactivity timer.
On the other hand, in the case that the amount of data to be scheduled is relatively large, in order to avoid the HARQ stalling, gNB could firstly disable the HARQ feedback for a HARQ process semi-statically by RRC. However, later a MAC CE may need to be transmitted, then gNB could enable the HARQ feedback for this HARQ process dynamically by DCI. Therefore, on reception of such DCI, for NB-IoT NTN or eMTC NTN for CE Mode B, the corresponding HARQ RTT timer would be started. 
Proposal 3: For NB-IoT NTN and eMTC NTN for CE Mode B, if the HARQ feedback is firstly disabled for a HARQ process by RRC and later a DCI for enabling the HARQ feedback for this HARQ process is received, the UE will start/restart the corresponding HARQ RTT timer.
In order to facilitate the above process, an indication from PHY is needed to indicate to MAC that the HARQ feedback of a HARQ process is enabled/disabled by DCI.
Proposal 4: An indication from PHY is introduced to indicate to MAC that the HARQ feedback of a HARQ process is enabled/disabled by DCI.

· DRX timer for UL
For NB-IoT NTN with single HARQ process in HARQ mode B, similarly as DL, if the blind retransmissions and new data transmission rely on on-duration timer, it will reduce the schedule opportunities and restrict the NW scheduling flexibility. Hence, RAN2 agreed to start/restart drx-inactivity timer in HARQ mode B.
However, considering the process time of gNB for PUSCH, the UE needs to start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 3 subframes. Moreover, similarly as DL, the interval of PDCCH should also be considered when determining the starting/restarting drx-inactivity timer. In final, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH reception plus 3 subframes plus deltaPDCCH.
Proposal 5: To clarify a previous agreement as below:
For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH reception plus 3 subframes plus deltaPDCCH.

2.2 Impacts on SPS if HARQ feedback is enabled/disabled
In DL SPS, HARQ process (s) in numberOfConfSPS-Processes is reserved and configured for SPS. And enabling/disabling HARQ feedback can be configured per each of these DL HARQ processes. Because ACK/NACK for the first SPS PDSCH is beneficial for gNB to confirm the UE’s reception of SPS, especially for UE with the bad channel quality, in RAN1#112 meeting, an agreement about SPS was reached as below:
	Agreement
For HARQ feedback for eMTC SPS PDSCH, at least the following is supported: UE follows the per-process HARQ feedback enabled/disabled configuration for the associated HARQ process except for the first SPS PDSCH after activation
· for the first SPS PDSCH after activation,
· Option 1: If HARQ feedback for SPS activation is additionally enabled, ACK/NACK is reported by UE for the first SPS PDSCH after activation regardless of network configuration of enabled/disabled for this HARQ process, and follow per-process HARQ feedback enabled/disabled configuration otherwise.


RAN2 should follow this agreement. In addition, NR NTN has introduced a parameter harq-FeedbackEnablingforSPSactive in R17 as below which is used to enable HARQ feedback for the first SPS PDSCH, regardless of if HARQ feedback is enabled or disabled for the HARQ process corresponding to the first SPS PDSCH. In eMTC NTN, RAN2 could reuse this parameter.
	harq-FeedbackEnablingforSPSactive
If enabled, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of if HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation. Otherwise, UE follows configuration of HARQ feedback enabled/disabled corresponding to the first SPS PDSCH after activation.


Proposal 6: For eMTC NTN, a parameter harq-FeedbackEnablingforSPSactive could be configured for a UE. If harq-FeedbackEnablingforSPSactive is configured to enable HARQ feedback, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of if HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation.

2.3 Impacts on early termination function if HARQ feedback is disabled
The early termination function has been supported for eMTC. The related configuration of mpdcch-UL-HARQ-ACK-FeedbackConfig is as below in 36.331:
	mpdcch-UL-HARQ-ACK-FeedbackConfig
TRUE indicates E-UTRAN may send UL HARQ-ACK feedback or UL grant corresponding to a new transmission for early termination of PUSCH transmission, or positive acknowledgement of completed PUSCH transmissions as specified in TS 36.321 [6] and TS 36.212 [22]. In case of acknowledgement of RRC Connection Release, MPDCCH monitoring is terminated.


Generally, mpdcch-UL-HARQ-ACK-FeedbackConfig could be configured for early termination of PUSCH transmission in the case that the large repetition number is configured. And if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured, a drx-ULRetransmissionTimer is started after completion of total PUSCH transmissions to enable UE to monitor PDCCH continuously. 
It’s easy to see that, there is some collision if mpdcch-UL-HARQ-ACK-FeedbackConfig and HARQ feedback disabling are configured simultaneously. In other word, if HARQ feedback disabling is configured, mpdcch-UL-HARQ-ACK-FeedbackConfig cannot be configured as this early termination feature mainly depends on the HARQ feedback. From our point of view, it can be left to eNB’s implementation not to configure both. For example, when the large repetition number is used, mpdcch-UL-HARQ-ACK-FeedbackConfig can be configured while HARQ feedback should be enabled.
Proposal 7: For eMTC NTN, it can be left to eNB’s implementation to enable HARQ feedback if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured.
3. [bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Observation 1: for NB-IoT NTN with two HARQ processes, for the HARQ process with disabled HARQ feedback, it is up to gNB’s implementation to schedule the next PDCCH after Y=12(ms) plus deltaPDCCH from the ending of the last PDSCH.
Observation 2: for eMTC NTN, for the HARQ process with disabled HARQ feedback, it is up to gNB’s implementation to schedule the next PDCCH after X=3 (ms) from the ending of the last PDSCH.

Proposal 1: To correct a previous agreement as below:
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.

Proposal 2a: For NB-IoT NTN with two HARQ processes and eMTC NTN for CE Mode B, if the HARQ feedback has been enabled for a HARQ process by RRC and later a DCI for disabling the HARQ feedback of this HARQ process is received, the UE won’t start/restart the corresponding HARQ RTT timer.
Proposal 2b: For NB-IoT NTN with single HARQ process, if the HARQ feedback has been enabled by RRC and disabled by DCI and later a DCI for disabling the HARQ feedback is received, the UE will start/restart drx-inactivity timer.
Proposal 3: For NB-IoT NTN and eMTC NTN for CE Mode B, if the HARQ feedback is firstly disabled for a HARQ process by RRC and later a DCI for enabling the HARQ feedback for this HARQ process is received, the UE will start/restart the corresponding HARQ RTT timer.
Proposal 4: An indication from PHY is introduced to indicate to MAC that the HARQ feedback of a HARQ process is enabled/disabled by DCI.

Proposal 5: To clarify a previous agreement as below:
For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH reception plus 3 subframes plus deltaPDCCH.

Proposal 6: For eMTC NTN, a parameter harq-FeedbackEnablingforSPSactive could be configured for a UE. If harq-FeedbackEnablingforSPSactive is configured to enable HARQ feedback, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of if HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation.

Proposal 7: For eMTC NTN, it can be left to eNB’s implementation to enable HARQ feedback if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured.
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