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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:
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)

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.
Observation 1: Disabling HARQ feedback mechansim of NR NTN can be reused for IoT NTN.
Proposal 1: Enabling/disabling of HARQ feedback for downlink transmission is at least configurable per HARQ process via UE specific RRC signaling.
When a UE is configured with one HARQ process, if the HARQ feedback is always disabled, the eNB would never know whether the downlink transmission is correctly received through the HARQ mechanism of the physical layer, including paging and system messages. Therefore, indicated by DCI can be a good choice for different kind of services and different requirements. Further study on the indication is needed since it has more flexibility when using new field, and minimum specification change when reusing existing field.
Observation 2: Indicating HARQ disabling by DCI can be a good choice for different kind of services.
Large repetition number is the characteristic of the IoT different from NR NTN. When large repetition number is applied, due to the long duration of NPDSCH transmission, the HARQ stalling may not happen. Hence, whether to disable HARQ feedback can be determined by repetition number. However, it is necessary to determine the appropriate repetition threshold based on the simulations.
Observation 3: Disabling HARQ feedback based on repetition number can be considered.
Proposal 2: Whether to support more flexible configuration with DCI on HARQ in IoT NTN needs further study.
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 available.
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 3: 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.

[Proposal 4-2a]: 
For a DL HARQ process with disabled HARQ feedback in NBIoT, 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. 
· FFS: X =12 or X is determined by UE reported capability.
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· FFS: Y=12 or Y is determined by UE reported capability.
Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes)
The minimum gap between the end of PDSCH/NPDSCH and the start of corresponding HARQ-ACK is defined in 36.213[2], 3ms for eMTC and 12ms for NBIoT, therefore reuse the value for scheduling restriction is natural, additional study is needed if shorten the gap.
For the option2 of PDCCH monitoring for NBIoT, it is applied for the UE with only one process.
Proposal 4: 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 4 (ms) after the end of the reception of the last PDSCH for that HARQ process.
Proposal 5: For a DL HARQ process with disabled HARQ feedback in NBIoT, UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until 12(ms) after the end of the reception of the last NPDSCH 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 6: 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 7: ACK value is assumed for TB of the HARQ process with disabled HARQ-ACK information for HARQ bundling in eMTC HD-FDD.

0. NPRACH capacity
[bookmark: _GoBack]As described in 36.213[2], ‘if the UE is configured with higher layer parameter sr-WithoutHARQ-ACK-Config, the UE is configured with Narrowband Random access channel parameters (NPRACH configuration) for SR transmission by higher layers’. If all HARQ feedback is disabled, NB-IoT UE will need to transmit the SR on NPRACH with more UE power and resource. Further study on the tradeoff of UE power and the HARQ feedback disabled is needed.
Proposal 8: Further study on the tradeoff of UE power and the HARQ feedback disabling is needed.

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:
Observation 1: Disabling HARQ feedback mechansim of NR NTN can be reused for IoT NTN.
Observation 2: Indicating HARQ disabling by DCI can be a good choice for different kind of services.
Observation 3: Disabling HARQ feedback based on repetition number can be considered.

Proposal 1: Enabling/disabling of HARQ feedback for downlink transmission is at least configurable per HARQ process via UE specific RRC signaling.
Proposal 2: Whether to support more flexible configuration with DCI or MAC signalling on HARQ in IoT NTN needs further study.
Proposal 3: Reuse the SPS PDSCH mechanism of NR NTN for IoT NTN. 
Proposal 4: 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 4 (ms) after the end of the reception of the last PDSCH for that HARQ process.
Proposal 5: For a DL HARQ process with disabled HARQ feedback in NBIoT, UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until 12(ms) after the end of the reception of the last NPDSCH for that HARQ process.
Proposal 6: 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 7: ACK value is assumed for TB of the HARQ process with disabled HARQ-ACK information for HARQ bundling in eMTC HD-FDD.
Proposal 8: Further study on the tradeoff of UE power and the HARQ feedback disabling is needed. 
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