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Introduction
As mentioned in the new WID of IoT NTN enhancements RP-221806 [1], for IoT-NTN Performance Enhancements in Rel-18, some remaining issues from Rel-17 will continue to be discussed in Rel-18. Rel-18 IoT NTN considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome. The HARQ enhancements related objective is listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1, RAN2]

RAN1#110 meeting discussed the impacts in PHY, the following agreements have been achieved:
	Agreement
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling.
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field).
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above.

Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above


RAN1#110B meeting further discussed the impacts in PHY, the following agreements have been achieved:
	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.

Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select ONE from the following options at RAN1#111:
· Option 6a-1: Support RRC signaling configured between Option 1 and Option 3
· Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission


In RAN2#119bise meeting, with reference to the progress in RAN1, the topic about HARQ feedback enhancement was discussed and the following agreements have been achieved:
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
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.
In this paper, we will further discuss the issues on the HARQ feedback disabling.
Discussion
· HARQ RTT timer
According to above agreements in RAN2, RAN2 has agreed the configuration for enabling/disabling HARQ feedback in DL, and HARQ mode A or mode B in UL. But RAN2 hasn’t discussed the case when the configuration is absent. 
In NR NTN, if downlinkHARQ-FeedbackDisabled isn’t configured, it is legacy as TN, e.g., a drx-HARQ-RTT-TimerDL as that in TN would be started. If uplinkHARQ-Mode isn’t configured, it is as legacy TN, e.g., a drx-HARQ-RTT-TimerUL as that in TN is started. In such case, it takes legacy process as TN under LEO scenario, e.g., eNB could schedule retransmission based on HARQ feedback in LEO. Therefore, R18 IoT NTN should support this operation. 
Proposal 1a: if enabling/disabling HARQ feedback in DL isn’t configured, UE-eNB RTT isn’t added to HARQ RTT timer or UE-eNB RTT is always set to 0 even UE is in the satellite network.
Proposal 1b: if HARQ mode A or mode B in UL isn’t configured, UE-eNB RTT isn’t added to HARQ RTT timer or UE-eNB RTT is always set to 0 even UE is in the satellite network.

Moreover, if disabled HARQ feedback in NB-IoT is configured, the sufficient process time (i.e.12 ms) should be reserved. Hence, in last RAN110bise meeting, RAN1 has achieve the following 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.
However, in RAN2#119bise meeting, RAN2 has agreed that, if disabled HARQ feedback in configured for NB-IoT NTN with single HARQ process, drx-inactivity timer should be started at the end of PUSCH transmission or PDSCH reception. There is some mismatch between the latest RAN1 and RAN2 agreements. Hence, for NB-IoT NTN with single HARQ process, now we slightly prefer to use the HARQ RTT timer with length of 12ms to stop UE monitoring after the reception of NPDCCH if disabled HARQ feedback is configured.
Moreover, for NB-IoT NTN with two HARQ processes, if only one HARQ process is configured to disable HARQ feedback, such HARQ RTT timer could also reduce the monitoring as much as possible.
[bookmark: _GoBack]Proposal 2: for NB-IoT NTN, if HARQ feedback is disabled, UE uses the HARQ RTT timer with length of 12ms to stop UE monitoring after the reception of NPDCCH.

· [bookmark: OLE_LINK2]UE capability
In R17 NR NTN, UE capability about disabling HARQ in downlink and uplink are introduced as below in 38.304:
	harq-FeedbackDisabled-r17
Indicates whether the UE supports disabled HARQ feedback for downlink transmission. A UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17.
uplink-Harq-ModeB-r17
Indicates whether the UE supports HARQ Mode B and the corresponding LCP restrictions for uplink transmission. A UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17.


With reference to above NR NTN specification, for R18 IoT NTN, similar UE capabilities of supporting HARQ feedback disabling can be introduced. 
These UE capabilities are optional, and should be reported to eNB. For NB-IoT, eNB can obtain the UE capability from CN to determine whether HARQ feedback can be disabled via Msg4.
Proposal 3: For R18 IoT NTN, a new UE capability of harq-FeedbackDisabled for downlink needs to be introduced.
Proposal 4: For R18 IoT NTN, a new UE capability of uplink-Harq-ModeB for uplink needs to be introduced.
Proposal 5: For R18 NB-IoT over NTN, eNB can obtain the UE capabilities of supporting HARQ feedback disabling from CN to determine whether HARQ feedback can be disabled via Msg4.

· Impacts on early termination function
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 but HARQ feedback should be enabled.
Proposal 6: For eMTC NTN, it can be left to eNB’s implementation about whether to enable/disable HARQ feedback if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured.

[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Proposal 1a: if enabling/disabling HARQ feedback in DL isn’t configured, UE-eNB RTT isn’t added to HARQ RTT timer or UE-eNB RTT is always set to 0 even UE is in the satellite network.
Proposal 1b: if HARQ mode A or mode B in UL isn’t configured, UE-eNB RTT isn’t added to HARQ RTT timer or UE-eNB RTT is always set to 0 even UE is in the satellite network.

Proposal 2: for NB-IoT NTN, if HARQ feedback is disabled, UE will use the HARQ RTT timer with length of 12ms to stop UE monitoring after the reception of NPDCCH.

Proposal 3: For R18 IoT NTN, a new UE capability of harq-FeedbackDisabled for downlink needs to be introduced.
Proposal 4: For R18 IoT NTN, a new UE capability of uplink-Harq-ModeB for uplink needs to be introduced.
Proposal 5: For R18 NB-IoT over NTN, eNB can obtain the UE capabilities of supporting HARQ feedback disabling from CN to determine whether HARQ feedback can be disabled via Msg4.

Proposal 6: For eMTC NTN, it can be left to eNB’s implementation about whether to enable/disable HARQ feedback if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured.
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