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Based on the agreement in RAN1#109e and RAN1#110 meeting, in this contribution, the solutions to configure the HARQ feedback enabling/disabling and potential issues are further elaborated with corresponding analysis. 
Configuration of HARQ feedback disabling
In Rel-17 SI for IoT-NTN, the study to support the HARQ feedback disabling is conducted without normative works in Rel-17 due to the limited time. Similar to the NR-NTN, the benefits for such mechanism is to mitigate the impact of HARQ stalling with potential improvement on the data rate for IoT case to enable more service. In this release, as shown in the endorsed WI [1], specify the mechanism to enable this functionality in IoT-NTN is expected. Regarding on the solutions to configure the HARQ feedback enabling/disabling, in general, 3 options were agreed for further consideration in the RAN1#110e meeting, refer to the introduction.
In Rel-17 NR-NTN [2], there is following agreement for disabling on HARQ feedback:
Agreement
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling
Based on above agreement, it can be observed that enabling/disabling on HARQ feedback is configurable per HARQ process via UE specific RRC signaling in NR-NTN, i.e., option 1 has been adopted in NR-NTN. Furthermore, the channel condition in IoT-NTN is more stable than NR-NTN since most of UEs are stationary. Introducing new dynamic configuration method for HARQ feedback disabling is not needed, i.e., extra blind detection complexity and spec efforts, etc. Therefore, directly reusing the NR-NTN method at least for multiple HARQ process for NB-IoT and eMTC will further facilitate/ease the discussion and standard effort, i.e., option 1, is preferred. For the case of single HARQ process for NB-IoT, considering that low data rate of NB-IoT and minor performance gain bring by disable single HARQ process feedback, the network can decide whether to disable it or not, i.e., single HARQ process feedback mechanism is same as normal HARQ feedback to avoid frequent RRC signaling to switch on HARQ feedback for control signaling.
Moreover, whether all HARQ processes can be disabled was also discussed in RAN1#110e. Based on the discussions in NR-NTN, IoT-NTN with option 1 configuration can give the network enough flexibility to disable all or some of the feedback. A smart network node can properly determine whether to disable all HARQ processes according to the reliability requirements, the throughput performance, etc.
Proposal 1: Reuse the HARQ feedback disabling solution agreed in Rel-17 NR-NTN, i.e., enabling/disabling on HARQ feedback for downlink transmission is configurable per HARQ process via UE specific RRC signaling, as option 1.
Proposal 2: For the case of single HARQ process for NB-IoT, whether to disable it or not depends on network configuration.
Proposal 3: The decision on whether and how many HARQ processes are disabled depends on network configuration.
Further study on potential issues
Potential issues mentioned in this section are related to HARQ disabling and corresponding standard impacts/enhancements. Since the HARQ feedback disable design is still under discussion, we only state our views on the main issues.
1.1 HARQ bundling for eMTC HD-FDD
eMTC HD-FDD HARQ bundling is introduced in Rel.14 and enhanced in Rel.17. In the previous RAN1#110e meeting, the design of disablement of HARQ feedback where HARQ feedback is bundled, and HARQ feedback is enabled for some HARQ processes and is disabled for others was discussed for further study. In section 7.3.1 of TS 36.213, the following text is written:
For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1,
· for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all  , BL/CE DL subframes for which subframe n is the 'HARQ-ACK transmission subframe'. 
For, by setting the "HARQ-ACK bundling flag" field in the DCI to 0, the situation that some HARQ feedbacks are enabled and some HARQ feedbacks are disabled in the HARQ feedback bundling can be solved. For 4, by setting the "HARQ-ACK bundling flag" field in the DCI to 1, allows all transport blocks in a bundle(max 4 transport blocks in a bundle ) to be logically ANDed and then fed back, which is the same as legacy behavior. However, for 23, only setting "0" or "1" can not solve this scenario that some HARQ feedbacks are enabled and some HARQ feedbacks are disabled in the HARQ feedback bundling, i.e., if we set the "HARQ-ACK bundling flag" field in the DCI to 0, there will be 2 bits or 3 bits A/N need to be fed back, if we set the "HARQ-ACK bundling flag" field in the DCI to 1, UE will not be able to handle the logical AND operation of the HARQ feedback enabled process and the HARQ feedback disabled process. Therefore, the current specifications need to be enhanced to handle this issue.
In our view, in order to obtain the gain from disabling HARQ feedback while achieving a unified design that minimizes the impact on the standard, UE will always report ACK for disabled HARQ process if needed. The ACK of the disabled HARQ process is transparent when it performs the AND operation with the NACK or ACK of the enabled HARQ process, and will not cause the base station to misjudge the reception status of the current process.
Proposal 4: In eMTC HD-FDD scenario, for HARQ-ACK bundling with logical AND operation, ACK is assumed for a feedback-disabled HARQ process.
1.2 HARQ feedback for scheduling multiple TBs
In RAN1#110 meeting, solutions for the case of transmitting HARQ feedback for a multi-TB block where some TBs (or TB bundles) have feedback enabled, while some others have feedback disabled were discussed for further study. 
In our consideration, in order to obtain the gain from disabling HARQ feedback while achieving a unified design that minimizes the impact on the standard, UE will always report ACK for disabled HARQ process if needed. Based on the eNB configuration for disabling HARQ feedback per HARQ process per UE, for a given HARQ process, the eNB will know that the UE will not transmit HARQ feedback on NPUSCH format 2 for NB-IoT or PUCCH for eMTC. Therefore, for a disabled HARQ process, when the initial or retransmission is completed, a new transmission or retransmission of the same HARQ process can be performed without waiting. Whereas for a enabled HARQ process, the expected eNB transmission behavior is to wait for the ACK/NACK of the current DL packet transmission before scheduling a new/retransmission, which is consistent with the current standard.
Proposal 5: In the HARQ feedback for scheduling multiple TB scenario, ACK is assumed to mitigate the impact of introducing feedback-less HARQ processes on multi-TB scheduling for eMTC and NB-IoT. 
1.3 SPS PDSCH
In RAN1#110 meeting, disabling of HARQ feedback for SPS PDSCH was discussed for further study. In Rel-17 NR-NTN, following agreement has been agreed for HARQ feedback of SPS PDSCH:
Agreement
For HARQ feedback of each SPS PDSCH, UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process, except for the first SPS PDSCH after activation if HARQ feedback for SPS activation is additionally enabled.
In NR-NTN, additional configuration for HARQ feedback of first SPS PDSCH was specified. With this feature, network is able to know whether the SPS configuration is successful via the feedback of first SPS PDSCH. The solution for NR-NTN can be directly reused in IoT-NTN to achieve the same feature.
Proposal 6: For HARQ feedback of each SPS (N)PDSCH, UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process, except for the first SPS (N)PDSCH after activation if HARQ feedback for SPS activation is additionally enabled.
1.4 (N)PDSCH/(N)PDCCH scheduling restriction
In RAN1#110 meeting, the issue of (N)PDSCH/(N)PDCCH scheduling restriction has been identified and discussed for further study. In Rel-17 NR-NTN, following agreements have been agreed for PDSCH/PDCCH scheduling restriction:
Agreement
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· Working assumption: X = T_proc,1
· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0
· Note: The TB of the two PDSCHs can be either same or different
Agreement
Confirm the previous working assumption for X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.
The agreements above will leave enough time for UE to process the PDSCH before receiving new PDCCH. This restriction should also be supported in IoT-NTN. However, due to lower UE capability, the time gap X should be updated based on the processing delay of IoT devices. In legacy NB-IoT and eMTC, there is no definition of the processing time as in NR. Instead, only HARQ-ACK delays after PDSCH and NPDSCH are defined, whose minimum values are 4 subframes and 12 DL subframes for eMTC and NB-IoT, respectively. Hence, the time gap between the end of a PDSCH and the start of next PDCCH should be modified accordingly.
Moreover, w.r.t the description of DL HARQ process with disabled HARQ feedback in NB-IoT, we prefer option 1. The description of option 2 seems to prohibit all PDCCH monitoring. As a result, for a UE with multiple HARQ processes, if one HARQ process is decoding a PDSCH/NPDSCH, the other free HARQ process scheduling data cannot work either, which seems not reasonable and may decrease system data rate because of the missed detection of the other free HARQ process data.
Proposal 7: When HARQ feedback for a HARQ process is disabled, the UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH scheduled for the given HARQ process that starts until 4 subframes after the end of the reception of the last PDSCH for eMTC.
Proposal 8: When HARQ feedback for a HARQ process is disabled, the UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH scheduled for the given HARQ process that starts until 12 DL subframes after the end of the reception of the last NPDSCH for NB-IoT.
1.5 [bookmark: _GoBack]Others
In NTN, the propagation delay can be large because of high altitude of the satellite. As a result, when HARQ feedback is enabled, UE may not able to receive the new scheduling information immediately after transmitting HARQ-ACK due to long RTT. In IoT communication, unnecessary NPDCCH/MPDCCH monitoring should be reduced as much as possible to reduce power consumption. Hence, UE should not monitor NPDCCH/MPDCCH for the given HARQ process until RTT after the transmission of HARQ-ACK when HARQ feedback is enabled since it is not possible to receive a new scheduling information during this period. 
Proposal 9: When HARQ feedback for a HARQ process is enabled, the UE is not expected to receive another NPDCCH/MPDCCH carrying a DCI scheduling a NPDSCH/PDSCH scheduled for the given HARQ process that starts until round trip propagation delay after the end of the transmit of HARQ-ACK.
Conclusions
In this contribution, analysis on the solutions to configure the HARQ feedback enabling/disabling and potential issues are conducted with following proposals and observations:
Proposal 1: Reuse the HARQ feedback disabling solution agreed in Rel-17 NR-NTN, i.e., enabling/disabling on HARQ feedback for downlink transmission is configurable per HARQ process via UE specific RRC signaling, as option 1.
Proposal 2: For the case of single HARQ process for NB-IoT, whether to disable it or not depends on network configuration.
Proposal 3: The decision on whether and how many HARQ processes are disabled depends on network configuration.
Proposal 4: In eMTC HD-FDD scenario, for HARQ-ACK bundling with logical AND operation, ACK is assumed for a feedback-disabled HARQ process.
Proposal 5: In the HARQ feedback for scheduling multiple TB scenario, ACK is assumed to mitigate the impact of introducing feedback-less HARQ processes on multi-TB scheduling for eMTC and NB-IoT. 
Proposal 6: For HARQ feedback of each SPS (N)PDSCH, UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process, except for the first SPS (N)PDSCH after activation if HARQ feedback for SPS activation is additionally enabled.
Proposal 7: When HARQ feedback for a HARQ process is disabled, the UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH scheduled for the given HARQ process that starts until 4 subframes after the end of the reception of the last PDSCH for eMTC.
Proposal 8: When HARQ feedback for a HARQ process is disabled, the UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH scheduled for the given HARQ process that starts until 12 DL subframes after the end of the reception of the last NPDSCH for NB-IoT.
Proposal 9: When HARQ feedback for a HARQ process is enabled, the UE is not expected to receive another NPDCCH/MPDCCH carrying a DCI scheduling a NPDSCH/PDSCH scheduled for the given HARQ process that starts until round trip propagation delay after the end of the transmit of HARQ-ACK.
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