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Introduction
The WID for IoT NTN enhancements was approved by RAN plenary #95e meeting in RP-220979 [1]. The objectives include ‘Disabling of HARQ feedback to mitigate the impact of HARQ stalling on UE data rates [RAN1, RAN2]’ considering the Rel-17 IoT-NTN and Rel-17 NR-NTN outcome as a baseline. And below agreements were reached in the RAN1 #110 and #110bis meeting.
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
Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, at least the following UE behavior(s) can be considered:
· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 
· X =12
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12
Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes)
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 this contribution, we will discuss the potential approaches to disable the HARQ feedback for IoT NTN. 
Discussion 
Problems of reusing NR NTN agreements in IoT NTN 
For the NR UEs that support NTN features, the maximum number of HARQ processes was extended to 32. However, for IoT devices, increasing the number of HARQ processes will not be pursued considering the potential increase in cost, less frequent data transmission, power saving requirements etc. In the SI discussion of IoT NTN, the maximum number of HARQ processes supported by NB-IoT is 2; and that supported by eMTC devices is 8 for CEModeA and 4 for CEModeB respectively. Compared to NR UEs, the number of HARQ processes supported by IoT devices are relatively limited, especially for NB-IoT. 
In the discussion of NR NTN, the impacts of HARQ feedback disabling on MAC CE and RRC signalling were heavily discussed. Some companies proposed to enable the HARQ for at least one HARQ process or enabling the HARQ feedback of some MAC CEs. However, considering the number of HARQ processes supported by the NR UEs, the negative impacts of HARQ feedback disabling on MAC CE and RRC signalling reliability could be avoided by proper NW implementation. However, for IoT devices, as the supported HARQ process number is relatively limited small, simply reusing the NR NTN agreement may introduce constraints to IoT NTN scenarios. 
In Rel-17 NR NTN HARQ feedback is configured per HARQ process via UE specific RRC signalling. If the NW would like to amend the HARQ feedback configuration for a specific UE, RRC signalling will be sent. For IoT devices, the RRC signalling might be transmitted in a large number of repetitions. Considering the relatively small number of HARQ processes supported by IoT devices, the NW may frequently reconfigure the HARQ feedback configuration, resulting in significant overhead signalling and degrading the system performance. 
Observation: Reuse the NR NTN agreement on HARQ feedback configuration without enhancements may introduce constraints to IoT NTN scenarios and degrade the NW performance. 
Disabling of HARQ feedback for IoT NTN 
Unlike NR UEs, the main characteristics of an IoT device considered in IoT NTN include low complexity, low cost, low power consumption and low throughput. And the key requirements of IoT services are extended coverage, delay-tolerant and infrequent data transmissions, and support of massive communications. To disable the HARQ feedback for IoT devices, there are several potential solutions could be considered. 
To avoid the potential disadvantages of configuring the HARQ feedback per HARQ process using RRC signalling as observed above, one potential solution is to indicate the HARQ feedback through DCI. This method provides a more flexible HARQ feedback configuration for IoT devices. And the indication of HARQ feedback enabling/disabling could be carried by DCI especially for NB-IoT with only one or two HARQ process. Furthermore, one bit can be defined in the DCI to indicate whether the HARQ feedback is enabled or disabled for this scheduled HARQ process. Moreover, the agreement in NR NTN could be still applicable as a baseline in IoT NTN especially for eMTC with more than one HARQ processes. However, instead of using RRC signalling to configure the HARQ feedback, the RRC signalling in IoT NTN might be used to configure whether DCI will indicate HARQ feedback configuration or not. And the DCI can override the RRC configuration for disabled HARQ feedback. 
In addition to the above solution, to save the DCI overhead a special value for TPC command or HARQ-ACK resource offset field or other field indication can be used to tell UE that HARQ-ACK for the scheduled PDSCH is not feedback for this HARQ process. 
Proposal 1: For NB-IoT NTN, Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission can be supported.
Furthermore, for DCI indication disabled HARQ feedback, the configured or predefined M HARQ feedback processes can be divided into N groups, and eNB can disable HARQ-ACK feedback for one group through DCI dynamically. Or multiple HARQ process groups can be configured through RRC, and each HARQ process belongs to one or more HARQ process groups. And one or multiple HARQ process groups can be triggered for HARQ feedback disabled by a DCI. Such as a group ID or a bitmap indication for each HARQ process group can be included in the DCI to tell UE which HARQ process group(s) HARQ feedback disabled.
Furthermore, criteria for NW configuration enabled and disabled HARQ-ACK feedback switching could be specified. Such as based on UE reported information (e.g. the consecutive detection failure or success number, ACK/NACK number, buffer status, or RSSI/RSRP/RSRQ), or based on some predefined timer.
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Proposal 3: A criteria for NW configuration enabled and disabled HARQ-ACK feedback switching could be specified.
HARQ feedback for scheduling multiple TB
Multiple TB scheduling with single DCI is introduced in Rel-16 eMTC/NB-IoT for peak data rate increase. With single DCI, multiple TB are scheduled with interleaved or non-interleaved manner and corresponding feedback for each TB is performed after the data transmission with HARQ bundling or non-bundling. In HARQ feedback disabling for downlink transmission, solutions should be designed for the case of transmitting HARQ feedback for multiple TB.
For one DCI scheduling multiple TB with mixed new TB and retransmission TB, UE can determine whether to do HARQ feedback for each TB based on the NDI information in the DCI. And through the NDI information for each TB, UE will implicitly know whether to do HARQ feedback for this TB. For example if the TB is a new transmission, that is the NDI bit value toggled, then the HARQ feedback is enabled for this TB, and if the TB is a retransmission, that is the NDI not toggled, then the HARQ feedback can be disabled for this TB.
Proposal 4: UE can determine whether to do HARQ feedback for each TB based on the NDI information for multiple TB scheduling.
Besides, DCI explicit indication which scheduled TB HARQ feedback disabled for the multiple TB can also be considered. And one of the below methods can be considered for the DCI design for multiple TB scheduling.
Option 1: A new bit field can be included in the DCI format 6-1A/N1 to indicate whether HARQ feedback disabled. The 1 bit disabled HARQ-ACK feedback indication can be applied to all the scheduled TB of the DCI. That is the disabled/enabled HARQ-ACK feedback indication information is the same across all the scheduled multiple TB. 
 Option 2: N bits are included in the DCI and bitmap method can be used for indication whether to do HARQ-ACK feedback for each scheduled TB. And each bit corresponds to one scheduled TB. Or this indication information can be also jointly encoded in the “Scheduling TBs for Unicast” bit filed in the DCI. Wherein, N is the scheduled TB number which is acquired from the “Number of scheduled TB” in the DCI.
Option 3: The 1 bit disabled HARQ-ACK feedback indication in the DCI is applied to one of the predefined scheduled TB. Such as applied to the first scheduled TB, or the last scheduled TB or the middle scheduled TB and so on.
Proposal 5: DCI can indicate which scheduled TB HARQ feedback disabled for the multiple TB.
HARQ bundling for eMTC HD-FDD
HARQ bundling was introduced for eMTC. The design of disablement of HARQ feedback should handle the case where HARQ feedback is bundled and HARQ feedback is enabled for some HARQ processes and is disabled for others. Besides HARQ bundling can be performed both in single TB scheduling and multiple TB scheduling cases and it should be separately discussed.
For multiple TB scheduling, if the UE is configured with higher layer parameter harq-AckBundling in ce-PDSCH-MultiTB-Config, ACK should be assumed for the disabled HARQ process when performing a logical AND operation in each TB bundle, and UE still generate M HARQ-ACK bits for M TB bundles for the multiple TB. If the HARQ feedback for all the TB in a TB bundle group are disabled, then the harq-AckBundling is not applied to this TB bundle group even it is configured, and no HARQ feedback for this TB bundle. And UE can discard the “Multi-TB HARQ-ACK bundling size” bit field in the DCI.
For a BL/CE UE in half-duplex FDD operation with single TB scheduling case, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HARQ-AckBundling, below options can be considered for the bundling operation. 
Option 1: If the UE is configured with higher layer parameter ce-HarqAckBundling-config, actually ACK/NACK of the decoding results of corresponding transmission of each TB will be applied for HARQ bundling operation even the disabled HARQ feedback are configured or indicated for some HARQ process. That is the disabled HARQ feedback function will not work. Or the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 0.
Option 2: UE is not expect the higher layer parameter ce-HarqAckBundling-config and PDSCH-disabledHARQ are simultaneously configured.
Proposal 6: ACK is assumed for the disabled HARQ process when performing a logical AND operation if not all the bundled TB is disabled HARQ feedback, and if all the bundled TB is disabled HARQ feedback, then HARQ bundling function will not applied even it is configured.
HARQ feedback for SPS PDSCH
The existing system does not support dedicated HARQ feedback for the SPS activation DCI command, and eNB realizes whether the activation SPS command is successfully received at the UE or not by PUCCH decoding corresponding to the initial SPS PDSCH reception. However, if HARQ-ACK for activation confirmation is not reported due to feedback-disabled configuration, all subsequent SPS PDSCHs are missed at the UE when the activation command is missed.
As the IoT/eMTC transmission use repetition scheme, then if the NR NTN method for SPS disabled HARQ feedback is directly adopted, then the latency will be very large. Therefore, ACK should be feedback if UE receive the SPS PDSCH activation DCI to avoid the repetition resource wasted if UE not receive the activation DCI, and the ACK/NACK feedback for subsequent PDSCH transmission according to the RRC configured command for each HARQ process. Or DCI can indicate whether to do HARQ-ACK feedback for the first transmitted PDSCH based on the repetition number. Furthermore, to reduce the DCI overhead, group based indication method for each transmitted SPS PDSCH can also be considered.
Proposal 7: For the disabled HARQ feedback design of SPS PDSCH, the following schemes can be considered.
· ACK should be feedback after UE receive the SPS PDSCH activation DCI.
· DCI can indicate whether to do HARQ-ACK feedback for the first transmitted PDSCH and the following PDSCH.
Conclusion 
From the discussion, we have the following observations and proposals: 
Observation: Reuse the NR NTN agreement on HARQ feedback configuration without enhancements may introduce constraints to IoT NTN scenarios and degrade the NW performance. 
Proposal 1: For NB-IoT NTN, Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission can be supported.
Proposal 2: One or multiple HARQ process group can be triggered for HARQ feedback disabled by DCI.
Proposal 3: A criteria for NW configuration enabled and disabled HARQ-ACK feedback switching could be specified.
Proposal 4: UE can determine whether to do HARQ feedback for each TB based on the NDI information for multiple TB scheduling.
Proposal 5: DCI can indicate which scheduled TB HARQ feedback disabled for the multiple TB.
Proposal 6: ACK is assumed for the disabled HARQ process when performing a logical AND operation if not all the bundled TB is disabled HARQ feedback, and if all the bundled TB is disabled HARQ feedback, then HARQ bundling function will not applied even it is configured.
Proposal 7: For the disabled HARQ feedback design of SPS PDSCH, the following schemes can be considered.
· ACK should be feedback after UE receive the SPS PDSCH activation DCI.
· DCI can indicate whether to do HARQ-ACK feedback for the first transmitted PDSCH and the following PDSCH.
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