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In RAN1#111 [1], the solutions to configure the HARQ feedback enabling/disabling for IoT-NTN was discussed and following working assumption was agreed.
Working assumption
For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:
· Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission
· Additional RRC signaling to enable Option 3
· If the bitmap for option 1 is not present and if option 3 is configured then the DCI directly indicates HARQ enable/disable. Option 3 can also be configured when the bitmap for option 1 is configured.
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes or only applied to semi-statically HARQ disabled processes or only applied to semi-statically HARQ enabled processes.
· FFS #2: whether/how to support Option 3 overriding default configuration for corresponding transmission for multiple TBs scheduled by single DCI
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.
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
To mitigate the impact of HARQ stalling with potential improvement on the data rate for IoT case to enable more service, the detailed solutions to configure the HARQ feedback enabling/disabling were discussed in the RAN1#111 meeting and a working assumption shown above was agreed for further consideration.
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. 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 to adapt to channel variation is not needed. Therefore, directly reusing the NR-NTN method at least for multiple HARQ process for IoT-NTN will further facilitate/ease the discussion and standard effort, i.e., option 1 is preferred to be default. 
However, for UEs with only single HARQ process, no feedback will exist if the HARQ feedback is disabled. If feedback for other purposes, e.g., link adaption, is needed, switch of enabling/disabling on HARQ feedback may be needed. In this case, the RRC-based mechanism may be lack of flexible. Hence, the working assumption considers to support option 3 to override default configuration for NB-IoT NTN and eMTC NTN for CE Mode B. However, since option 1 has been agreed to be supported in RAN2#120 and is considered as the default option in the working assumption, option 3 is preferred to be an add-on solution combined with option 1 instead of an independent solution. That is, option 3 is preferred to be configured only when bitmap for option 1 is configured.
With above considerations, the working assumption can be confirmed with minor changes, i.e., the option 3 can be configured when bitmap for option 1 is configured.
Proposal 1: Confirm the working assumption with changes shown below.
	Working assumption
For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:
· Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission
· Additional RRC signaling to enable Option 3
· If the bitmap for option 1 is not present and if option 3 is configured then the DCI directly indicates HARQ enable/disable. Option 3 can also be configured when the bitmap for option 1 is configured.
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes or only applied to semi-statically HARQ disabled processes or only applied to semi-statically HARQ enabled processes.
· FFS #2: whether/how to support Option 3 overriding default configuration for corresponding transmission for multiple TBs scheduled by single DCI
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.


Regarding the details of option 3, it is preferred to define a bit field in DCI to indicate whether the scheduled TB is HARQ feedback disabled. Considering multiple TBs may be scheduled by single DCI, a bitmap can be defined for enabling/disabling indication, which is similar to the RRC signaling for Rel-17 NR-NTN. The difference is that each bit in the bitmap corresponds to one TB scheduled by this DCI instead of a HARQ process. Moreover, to reduce the specification effort, option 3 DCI-based overridden mechanism should be applied to both semi-statically enabled and disabled HARQ processes when option 3 is enabled. 
Proposal 2: A bitmap can be defined in DCI to indicate whether the HARQ feedbacks for one or more TBs scheduled by this DCI are disabled or not.
Proposal 3: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes.
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 feedback for scheduling multiple TBs
The feature of eMTC/NB-IoT multiple TBs scheduled by single DCI is introduced in Rel-16. In RAN1#111 meeting, how to handle the case where part of TBs scheduled by single DCI are HARQ feedback disabled was discussed for further study. 
Firstly, it should be noted that HARQ bundling is supported when multiple TBs scheduled by single DCI. In this case, it is possible that HARQ enabled and disabled processes are bundled together. In legacy specification, AND operation will be performed for the HARQ feedbacks of bundled TBs. Hence, the feedback corresponding to HARQ disabled process should be assumed as ACK to make it transparent when performing AND operation. Meanwhile, 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 even if feedback is assumed to be reported by UE. The throughput gain of HARQ feedback disabling can still be achieved if ACK is assumed for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission. Hence, in order to achieve a unified design that minimizes the impact on the standard, for multiple TBs scheduled by single DCI without HARQ bundling, ACK is also preferred. 
Proposal 4: For multiple TBs scheduled by single DCI, ACK is assumed for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission. 
1.2 SPS PDSCH
In RAN1#111 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 5: 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.
1.3 (N)PDSCH/(N)PDCCH scheduling restriction
In RAN1#111 meeting, the issue of (N)PDSCH/(N)PDCCH scheduling restriction has been identified and discussed for further study. The following agreement has been achieved for NB-IoT over NTN: 
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.
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
From above agreements, it can be observed that NR and NB-IoT UEs have different behaviors. For NR, UE will only stop monitoring PDCCH corresponding to the occupied HARQ process after receiving a PDSCH. If UE have other free HARQ process, UE can still monitor PDCCH immediately after receiving a PDSCH. While for NB-IoT, UE will stop monitoring NPDCCH after NPDSCH receiving for a period of time even if it may have a free HARQ process. For eMTC, since FDD is supported and the number of HARQ process is larger than NB-IoT, it is preferred to reuse the NR-NTN mechanism for PDCCH monitoring restriction, which avoids throughput loss. Moreover, due to lower UE capability, the time gap X should be updated based on the processing delay of IoT devices. In legacy eMTC, there is no definition of the processing time as in NR. Instead, only HARQ-ACK delays after PDSCH is defined, whose minimum values is 3 subframes. Hence, the time gap between the end of a PDSCH and the start of next MPDCCH should be modified accordingly.
Proposal 6: 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 until X=3ms after the end of the reception of the last PDSCH for that HARQ process.
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: Confirm the working assumption with changes shown below.
	Working assumption
For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:
· Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission
· Additional RRC signaling to enable Option 3
· If the bitmap for option 1 is not present and if option 3 is configured then the DCI directly indicates HARQ enable/disable. Option 3 can also be configured when the bitmap for option 1 is configured.
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes or only applied to semi-statically HARQ disabled processes or only applied to semi-statically HARQ enabled processes.
· FFS #2: whether/how to support Option 3 overriding default configuration for corresponding transmission for multiple TBs scheduled by single DCI
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.



Proposal 2: A bitmap can be defined in DCI to indicate whether the HARQ feedbacks for one or more TBs scheduled by this DCI are disabled or not.
Proposal 3: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes..
Proposal 4: For multiple TBs scheduled by single DCI, ACK is assumed for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission.
Proposal 5: 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 6: 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 until X=3ms after the end of the reception of the last PDSCH for that HARQ process.
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