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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the enhancements on IoT NTN HARQ, there were some discussions on Disabling/enabling HARQ feedback, and transmission enhancement. Moreover, a few agreements on HARQ operation were concluded [1] as follows in last RAN1 meeting:
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, we further analyze remaining technical issues of NB-IoT/eMTC HARQ operation and provide our views on these issues.

Discussion
0. The indication/configuration of disabling HARQ feedback
Since it has been agreed in NR NTN that enabling/disabling of HARQ feedback for downlink transmission is configurable per HARQ process via UE specific RRC signaling, the reuse of HARQ feedback enabling/disabling configuration is at least supported in IoT NTN. In addition, the other options have been proposed at the last meeting.
It has been agreed that for NB-IoT NTN and eMTC NTN for CE Mode B, Option 3 can override the default RRC configuration. DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes since the DCI can directly indicate HARQ enable/disable.
Proposal 1: DCI-based overridden mechanism can be applied to both semi-statically HARQ enabled and disabled processes.
As for the DCI-based configuration, whether it is per grant or per HARQ process, there are two cases. One is that the HARQ process is always used for dynamic scheduling as shown in Figure 1 case a, the two methods are equivalence. The other is that when the same HARQ process is used for dynamic scheduling and then SPS PDSCH, the feedback enabling/disabling of the HARQ process indicated by DCI is different from the RRC configuration when it is used for dynamic scheduling , as shown in Figure 1 case b. Assuming that RRC and DCI indicates that the HARQ process is enabled and disabled respectively, the UE should generate HARQ feedback for the SPS PDSCH if the per-grant configuration is followed, no HARQ feedback will be generated otherwise. When per HARQ process configuration is followed, and the PDCCH for dynamic scheduling is missed, the eNB and UE may have misunderstanding on the feedback for the SPS PDSCH. Therefore, per grant for the DCI-based configuration is better. 
Proposal 2: DCI-based shall be configured per grant.



Figure 1: DCI-based configuration for dynamic scheduling and SPS

Another issue is how the DCI will be used to override the default RRC configuration. Since the case only operated in eMTC NTN for CE Mode B, defining a new filed is a simple way.  
Proposal 3: A new DCI field can be defined for overriding the default RRC configuration .

And how the new field is used, there may be three options as following:
· Option 1: the field indicates the HARQ feedback state directly. For example, if the field is set 1, the HARQ feedback of the corresponding HARQ process is enabled. Otherwise, the HARQ feedback of the corresponding HARQ process is disabled.
· Option 2: the field indicates to reverse the current HARQ feedback state. For example, if the field is set 1, the HARQ feedback state of the corresponding HARQ process will be reversed, from enabling to disabling, and vice versa. Otherwise, the HARQ feedback state of the corresponding HARQ process will not be reversed.
· [bookmark: _GoBack]Option 3: the field indicates to reverse the current HARQ feedback state by the toggling of this field, like NDI. For example, if the field is toggled, the HARQ feedback state of the corresponding HARQ process will be reversed, from enabling to disabling, and vice versa. Otherwise, the HARQ feedback state of the corresponding HARQ process will not be reversed.
Proposal 4: RAN1 to discuss how to override the default RRC configuration by DCI, considering the three options above.

For multiple TBs scheduled by single DCI, Option 3 overriding default configuration can be supported. Since a single DCI can schedule up to 4 TB, if one bit is used for per HARQ process, there would need 4bit to indicate HARQ feedback. In order to save DCI overhead, the following scheme can be considered. Therefore, when the feedback of all these HARQ process for multiple TBs indicated by RRC is the same, if the additional RRC signaling enable Option 3, the RRC configuration can be overridden by 1-bit DCI. When the RRC configuration is different, option 3 shall be disabled for additional RRC signaling, that is, Option 3 overriding default configuration cannot be supported.
Proposal 5: For multiple TBs scheduled by single DCI, Option 3 overriding default configuration can be supported.

0. SPS PDSCH
Regarding the SPS PDSCH, some companies proposed that, for IoT NTN, the considered scenarios are not latency sensitive. The gNB can activate at a time where the first SPS PDSCH has a HARQ process with enabled HARQ-ACK report, so the additional HARQ feedback for SPS activation is not needed. However, it has not been agreed that at least one HARQ process with feedback is configured, the method is not applied.
Since SPS PDSCH in eMTC is same as NR NTN, it is better to reuse the same mechanism for IoT NTN as follows.
	For HARQ feedback for eMTC SPS PDSCH, UE follows the per-process HARQ feedback enabled/disabled configuration for the associated HARQ process, except for the first SPS PDSCH after activation if HARQ feedback for SPS activation is additionally enabled.
· If HARQ feedback for SPS activation is additio nally enabled, ACK/NACK is reported by UE for the first SPS PDSCH after activation regardless of network configuration of enabled/disabled for this HARQ process.

For DCI indicating SPS PDSCH release, HARQ-ACK report is performed as legacy in eMTC.



Proposal 6:Reuse the SPS PDSCH mechanism of NR NTN for IoT NTN.
0. PDSCH/(N)PDCCH scheduling restriction
In NR NTN, additional gap is considered to avoid the continuous reception of PDSCH with same HARQ process at UE side as specified in TS38.214. In IoT NTN, the following proposals are proposed in last meeting:
[Proposal 4-1a]: 
For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding PDCCH for the given HARQ process that starts until X (ms) after the end of the reception of the last PDSCH for that HARQ process. 
· FFS: X =1, 3, 4.

The minimum gap between the end of PDSCH and the start of corresponding HARQ-ACK is defined in 36.213[2], 3ms for eMTC, therefore reuse the value for scheduling restriction is natural, additional study is needed if shorten the gap.
Proposal 7: For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding PDCCH for the given HARQ process that starts until 3 (ms) after the end of the reception of the last PDSCH for that HARQ process.
0. HARQ feedback for scheduling multiple TB
If one TB is scheduled by DCI and Multi-TB is scheduled by a Multi-TB DCI and higher layer parameter harq-AckBundling is not configured, it is nature to reuse the type1 codebook mechanism in NR NTN as follows.
	For HARQ codebook in IoT over NTN and higher layer parameter harq-AckBundling is not configured, the UE can consistently report NACK-only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.


  
If Multi-TB is scheduled by a Multi-TB DCI and higher layer parameter harq-AckBundling is configured, how to generate the codebook needs further study when HARQ feedback disabling is introduced. In eMTC, when the all TB in a TB bundle for a HARQ process with disabled HARQ-ACK information, the UE reports a NACK value for a HARQ-ACK information bit corresponding for the bundle. If the feedback of some TBs are enabled, and others are disabled, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all TBs in each TB bundle, where ACK is assumed for TB of the HARQ process with disabled HARQ-ACK information. To achieve a unified design, similar solutions can be used as eMTC for NB-IoT.
Proposal 8: ACK value is assumed for TB of the HARQ process with disabled HARQ-ACK information, when Multi-TB is scheduled and harq-AckBundling is configured.

0. HARQ bundling for eMTC HD-FDD
In eMTC HD-FDD, the UE can’t transmit and receive the TB at the same time. HARQ bundling is introduced in Rel.14 and enhanced in Rel.17 for more throughput. Similar as solutions of Multi-TB, ACK is assumed When HARQ feedback disabled is introduced.
Proposal 9: ACK value is assumed for TB of the HARQ process with disabled HARQ-ACK information for HARQ bundling in eMTC HD-FDD.


Conclusion
In this contribution, we analzyed potential issues of HARQ impact due to longer propogation delay in NB-IoT and eMTC over satellite. In sum, the observations and proposals are listed as follows:
Proposal 1: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes.
Proposal 2: DCI-based shall be configured per grant.
Proposal 3: A new DCI filed can be defined for overriding the default RRC configuration .
Proposal 4: RAN1 to discuss how to override the default RRC configuration by DCI, considering the three options above.
Proposal 5: For multiple TBs scheduled by single DCI, Option 3 overriding default configuration can be supported.
Proposal 6: Reuse the SPS PDSCH mechanism of NR NTN for IoT NTN. 
Proposal 7: For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding PDCCH for the given HARQ process that starts until 3 (ms) after the end of the reception of the last PDSCH for that HARQ process.
Proposal 8: ACK value is assumed for TB of the HARQ process with disabled HARQ-ACK information, when Multi-TB is scheduled and harq-AckBundling is configured.
Proposal 9: ACK value is assumed for TB of the HARQ process with disabled HARQ-ACK information for HARQ bundling in eMTC HD-FDD.
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