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1 Background
In RAN#94-e, the following objectives with RAN1 impact were included in the WID for eMTC/NB-IoT over NTN in Release 18:
IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17

This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:

· Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
· Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption [RAN1]

In this contribution, we provide our views on aspects related to disabling of HARQ feedback for IoT-NTN
2 Minimum gap between transmissions
For eMTC over NTN, analogous to the parameter ‘T_proc’ for NR over NTN, there needs to be a minimum time gap between successive PDSCH transmissions over the same HARQ process with disabled HARQ feedback. For NB-IoT, a 12-millisecond gap has been already agreed in RAN1#110b-e. 
The usual HD-FDD timeline for eMTC (without repetitions) is as follows:
· UE receives a PDSCH in subframe N
· UE transmits HARQ-ACK in subframe N+4
· UE retunes to downlink in subframe N+5
· UE starts monitoring for MPDCCH in subframe N+6
Therefore, the earliest an eMTC UE expects to receive a retransmission for the same HARQ process is in subframe N+6. However, the UE has to finalize the decoding of the PDSCH before N+4, and therefore it may be feasible to make the timeline shorter than N+6.
Proposal 1: For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive an MPDCCH scheduling the same HARQ process in a period of Y=[3](ms) from the end of the reception of the PDSCH.


3 Options for indicating HARQ disabling
In the previous meetings, RAN1 made the following working assumption and agreement :
Agreement (RAN1#110)
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.

Working assumption (RAN1#111)
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 line with the discussion in previous meetings, introducing a DCI indication of HARQ enabling/disabling is only justified for the cases where the number of HARQ processes is small and, therefore, reserving some HARQ processes with disabled feedback by RRC (which may be used for control plane messages) may substantially reduce the scheduling flexibility at the eNB. For NTN IoT (FDD), we have the following numbers of HARQ processes:
· For NB-IoT, we have either 1 or 2 HARQ processes.
· For eMTC CE mode A, we have up to 14 HARQ processes (8 is the baseline, 10 and 14 are optional).
· For eMTC CE mode B, we have 2 HARQ processes by default, 4 HARQ processes for multi-TB.
Therefore, there is some justification to support the DCI indication of HARQ enabling/disabling for CE mode B and NB-IoT due to the small number of HARQ processes.
Observation 1: DCI indication of HARQ enabling/disabling is justified for scenarios with a limited number of HARQ processes (e.g. NB-IoT with 1 or 2 HARQ processes, or eMTC CE mode B).
In view with the above, we propose to confirm the working assumption from RAN1#111:

Proposal 2: Confirm the following working assumption (RAN1#111):

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.
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.

4 “Override” behavior and DCI design
One of the points for further study from the RAN1#111 working assumption is the following:
· 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.


Due to compromises in the previous meeting, it was decided that Option 1 and Option 3 can be separately configured. Therefore, we would need to define behavior for all the following cases:

1. Option 1 configured
2. Option 3 configured
3. Option 1 + Option 3 configured

To simplify the treatment of these cases, we propose to treat the last two cases with a common framework as follows: 

Proposal 3: If Option 3 is configured and Option 1 is not configured, UE assumes all HARQ processes have RRC-disabled feedback.


In our view, there are several benefits to only allow DCI override for RRC-disabled HARQ processes but not for RRC-enabled HARQ process:
· One of the use cases of dynamic override is to allow the eNB to get some sparse HARQ-ACK for link adaptation purposes (e.g. for outer loop adjustment). In this case, the existing timers and procedures will follow HARQ disabled (the eNB will not trigger a retransmission based on HARQ-ACK).
· Regarding scheduling flexibility and DCI overhead, it would be desirable to keep the DCI as compact as possible (potentially without additional fields) while, at the same time, keep as much flexibility as Rel-17. One potential solution would be to support full flexibility for HARQ-enabled processes while slightly reducing the flexibility for HARQ-disabled processes. For instance, one of the entries of the 2-bit HARQ-ACK resource offset field (for eMTC) or 4-bit HARQ-ACK resource field (for NB-IoT) in DCI can be reserved to indicate “HARQ disabled”, while the remaining ones (3 or 15, respectively) can be used to indicate the corresponding HARQ-ACK resource assuming “HARQ enabled”. If HARQ process is RRC-enabled, there no change in the DCI fields to keep the same flexibility of HARQ-ACK resources. 



Proposal 4: When Option 3 is configured, DCI override is only applied to semi-statically HARQ disabled processes:
· For a DCI scheduling a HARQ process that is semistatically disabled, one of the entries of HARQ-ACK resource field or HARQ-ACK resource offset field indicate HARQ disabled. The remaining entries indicate the HARQ-ACK resource.
· For a DCI scheduling a HARQ process that is semistatically enabled, the UE interprets the DCI as in Rel-17.

In line with the use case described above on outer loop adjustment, in this case the UE will send HARQ-ACK and the eNB will re-scheduled the same HARQ process ID (either a blind retransmission or a new transmission) before an RTT. This operation is shown in Figure 1.
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Figure 1 HARQ-ACK feedback enabled for the second (N)PDSCH for link adaptation purposes. The same HARQ process ID can be rescheduled before an RTT. All (N)PDCCH/(N)PDSCH are assumed to be for the same HARQ process ID.
To enable this operation, the RAN1 specification should be modified accordingly. For instance, the following paragraph would that restricts the usage of the same HARQ process before an RTT + Kmac should not be applicable if the NPUSCH corresponds to a HARQ process with RRC-disabled feedback:
[image: ]


Proposal 5: For a HARQ process with RRC-disabled feedback, and regardless of whether the feedback is enabled by DCI, the rule of not expecting an NPDCCH for the same HARQ process earlier than  does not apply.

5 Impact on Multi-TB scheduling
Currently, for eMTC and NB-IoT, multi-TB scheduling assumes that all the TBs scheduled by a multi-TB DCI have HARQ feedback enabled. With the introduction of feedback-less HARQ processes into the mix (for NTN), RAN1 would need to revisit certain aspects related to multi-TB scheduling, such as how to transmit HARQ feedback for a multi-TB block where some TBs (or TB bundles) have feedback enabled, while some others have feedback disabled.
Proposal 6: RAN1 to discuss the impact of introducing feedback-less HARQ processes on multi-TB scheduling for eMTC and NB-IoT in the context of:
· A single DCI scheduling feedback-enabled and feedback-disabled TBs at the same time
· HARQ-ACK transmission timeline when feedback-enabled and feedback-disabled TBs are scheduled by the same DCI
· Determination of bundled HARQ ACK feedback when some TBs in a bundle have feedback enabled, while others have feedback disabled.


6 Other issues

The following agreement was made in RAN1#109-e regarding other issues for HARQ disabling:

Agreement
For IoT NTN, further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission
· Issue A: SPS PDSCH
· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
· Issue C: HARQ feedback for scheduling multiple TB
· Issue D: HARQ bundling for eMTC HD-FDD
· Issue F: NPRACH capacity
· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
· Other issues are not excluded
Note: The “Issues” in common for eMTC and NB-IoT can be separately discussed.


Our views on these issues are listed below, in the following proposal:
Proposal 7: For IoT NTN, regarding the following potential issues due to enabling/disabling on HARQ feedback for downlink transmission, the viewpoints expressed herein are adopted
· Issue A: SPS PDSCH

· Viewpoint: NR-NTN solution may be adopted as the baseline.

· Issue C: HARQ feedback for scheduling multiple TB

· Viewpoint: See Section 4

· Issue D: HARQ bundling for eMTC HD-FDD

· Viewpoint: In Section 7.3.1 of TS 36.213, the following text is written:

“For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1.
- for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all [image: ] BL/CE DL subframes for which subframe n is the 'HARQ-ACK transmission subframe'.” 
Since a feedback-disabled HARQ process will set the ‘HARQ-ACK bundling flag’ in the corresponding DCI to 0, and there will be no ‘HARQ-ACK transmission subframe’, these HARQ processes will have no impact on the feedback bit to be generated. No change to the current specifications is required to handle this issue.

· Issue F: NPRACH capacity

· Viewpoint: This issue should be de-prioritized.

· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)

· Viewpoint: This issue is not related to feedback enabling/disabling and should be de-prioritized.

7 Conclusion
In this contribution we presented our views on enhancements to NB-IoT/eMTC over NTN as it relates to disabling of HARQ feedback. We summarize our proposals below.

Proposal 1: For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive an MPDCCH scheduling the same HARQ process in a period of Y=[3](ms) from the end of the reception of the PDSCH.

Observation 1: DCI indication of HARQ enabling/disabling is justified for scenarios with a limited number of HARQ processes (e.g. NB-IoT with 1 or 2 HARQ processes, or eMTC CE mode B).

Proposal 2: Confirm the following working assumption (RAN1#111):

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.
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.

Proposal 3: If Option 3 is configured and Option 1 is not configured, UE assumes all HARQ processes have RRC-disabled feedback.

Proposal 4: When Option 3 is configured, DCI override is only applied to semi-statically HARQ disabled processes:
· For a DCI scheduling a HARQ process that is semistatically disabled, one of the entries of HARQ-ACK resource field or HARQ-ACK resource offset field indicate HARQ disabled. The remaining entries indicate the HARQ-ACK resource.
· For a DCI scheduling a HARQ process that is semistatically enabled, the UE interprets the DCI as in Rel-17.

Proposal 5: For a HARQ process with RRC-disabled feedback, and regardless of whether the feedback is enabled by DCI, the rule of not expecting an NPDCCH for the same HARQ process earlier than  does not apply.

Proposal 6: RAN1 to discuss the impact of introducing feedback-less HARQ processes on multi-TB scheduling for eMTC and NB-IoT in the context of:
· A single DCI scheduling feedback-enabled and feedback-disabled TBs at the same time
· HARQ-ACK transmission timeline when feedback-enabled and feedback-disabled TBs are scheduled by the same DCI
· Determination of bundled HARQ ACK feedback when some TBs in a bundle have feedback enabled, while others have feedback disabled.

Proposal 7: For IoT NTN, regarding the following potential issues due to enabling/disabling on HARQ feedback for downlink transmission, the viewpoints expressed herein are adopted
· Issue A: SPS PDSCH

· Viewpoint: NR-NTN solution may be adopted as the baseline.

· Issue C: HARQ feedback for scheduling multiple TB

· Viewpoint: See Section 4

· Issue D: HARQ bundling for eMTC HD-FDD

· Viewpoint: In Section 7.3.1 of TS 36.213, the following text is written:

“For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1.
- for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all [image: ] BL/CE DL subframes for which subframe n is the 'HARQ-ACK transmission subframe'.” 
Since a feedback-disabled HARQ process will set the ‘HARQ-ACK bundling flag’ in the corresponding DCI to 0, and there will be no ‘HARQ-ACK transmission subframe’, these HARQ processes will have no impact on the feedback bit to be generated. No change to the current specifications is required to handle this issue.

· Issue F: NPRACH capacity

· Viewpoint: This issue should be de-prioritized.

· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)

· Viewpoint: This issue is not related to feedback enabling/disabling and should be de-prioritized.
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1fa NB-IoT UE is configured with higher layer parameter nwoHARQ-ProcessesConfig
- and if the UE has a NPUSCH transmission ending in subframe 7,

- the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for
FDD ; and

- the UE is not expected to receive an NPDCCH with DCI format NO/NT for the same HARQ process ID as
the NPUSCH transmission in any subframe starting from subframe -1 to subframe -3 or in a NTN serving
cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Koac3;
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