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[bookmark: _Ref18181]Introduction
Based on the agreement in previous 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
To mitigate the impact of HARQ stalling with potential improvement on the data rate for IoT case to enable more service, as shown in the endorsed WI [1], the following solutions to configure the HARQ feedback enabling/disabling were agreed for further consideration in the RAN1#110bis-e meeting [2].
	Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one of 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 Rel-17 NR-NTN [3], 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 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 will further facilitate/ease the discussion and standard effort, i.e., option 1, is preferred. 
However, considering the application for some specific cases, such as the case of single HARQ process for NB-IoT, due to the limited HARQ process number, the RRC-based mechanism may be lack of flexible. Then, Option 3 can introduce additional benefits to update the HARQ-ACK state for certain HARQ process. 
Regarding the two options on how to combine Option-1 and Option-3 in the agreement mentioned above, if we adopt option 6a-1, it is obviously unreasonable to introduce additional RRC signaling to select one RRC-based methods to enabling/disabling of HARQ feedback (i.e., Option-1).
In Rel-17 NR-NTN, RRC based configuration on enabling/disabling of HARQ feedback has already been supported in current 3GPP standard. Hence, designing an RRC based configuration method for IoT-NTN should be naturally considered. Then, the option 6a-4 will be preferred way to introduce more flexibility. 
Proposal 1: For NB-IoT NTN, configure/indicate enabling/disabling of HARQ feedback for downlink transmission by supporting Option 1 by default, and support Option 3 to override default configuration for corresponding transmission, as option 6a-4.
For option 6a-4, how to enable DCI based HARQ feedback enabling/disabling configuration should be considered. Based on option 3, a bit field of configuration for HARQ feedback enabling/disabling can be newly defined or obtained by re-interpreting existing bit field. For example, one bit field in DCI to indicate whether the HARQ feedback for the transport block scheduled by this DCI is disabled or not. Moreover, in order to avoid mis-interpretation of DCI, whether the DCI based HARQ feedback enabling/disabling configuration function is enabled should also be configured. The enabling of this function can be semi-statically configured through a RRC signaling.
Proposal 2: One bit field by newly defined or re-interpreting existing bit field in DCI to indicate whether the HARQ feedback for the at least one transport block scheduled by this DCI is disabled or not.
Proposal 3: Whether the DCI based HARQ feedback enabling/disabling configuration function is enabled can be semi-statically configured through a RRC signaling. When DCI based configuration is supported, the DCI configuration on HARQ feedback enabling/disabling will have higher priority than RRC 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 [bookmark: _GoBack]HARQ feedback for scheduling multiple TBs
In RAN1#110bis-e 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 even if a ACK is assumed to be reported by UE. 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 4: 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. 
1.2 SPS PDSCH
In RAN1#110bis-e 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#110bis-e 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 PDCCH 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: For NB-IoT NTN, configure/indicate enabling/disabling of HARQ feedback for downlink transmission by supporting Option 1 by default, and support Option 3 to override default configuration for corresponding transmission, as option 6a-4.
Proposal 2: One bit field by newly defined or re-interpreting existing bit field in DCI to indicate whether the HARQ feedback for the at least one transport block scheduled by this DCI is disabled or not.
Proposal 3: Whether the DCI based HARQ feedback enabling/disabling configuration function is enabled can be semi-statically configured through a RRC signaling. When DCI based configuration is supported, the DCI configuration on HARQ feedback enabling/disabling will have higher priority than RRC configuration.
Proposal 4: 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 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.
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