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1 Introduction
The WID on IoT-NTN enhancements contains the following objective:
	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]




This objective was discussed at RAN1#109e and the following agreements were made:
	Agreement
For IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, one or more of the following options can be considered:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)
· Option 5: per HARQ process via MAC CE
· Other options or combinations are not excluded
Note: Option(s) for eMTC and NBIoT can be separately discussed.

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.





The final FLS for the discussion of disabling HARQ feedback was provided in [2].

2 Whether to disable HARQ feedback
2.1 In general
There is no need to discuss in general whether disabling of HARQ feedback will be supported in Rel-18 since this has already been decided by RAN plenary in the WID [1]:
Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data
In RAN1#109e, companies have argued that it is possible to disable HARQ by toggling the new data indicator (NDI) bit, such that HARQ combining never occurs, this implementation-based technique disables HARQ itself, rather than HARQ feedback. Even if the toggling of the NDI bit leaves HARQ itself disabled, the current specifications mean that HARQ feedback will still be sent. The objective of the work item is to disable this HARQ feedback.
The benefits of disabling HARQ feedback are:
· Power saving from not having to send a PUCCH containing the HARQ feedback
· Improvement in downlink throughput since there is no requirement for time on the air interface to be allocated to the PUCCH containing the HARQ feedback
As stated by other companies, “HARQ stalling” does not affect the DL throughput since in Rel-17, the eNB can schedule in a HARQ process without waiting for the HARQ feedback from that process.
Observation 1: RAN1 does not need to discuss whether disabling HARQ feedback is supported in the Rel-18 specifications as this has already been decided in the WID.

2.2 In specific scenarios
There have been discussion about whether to support disabling HARQ feedback in certain scenarios, such as:
· GEO vs NGEO
· NB-IoT vs eMTC
· Large numbers of repetitions vs small numbers of repetitions
The question is whether RAN1 needs to optimise for each of these scenarios. In our view, RAN1 can specify the support of HARQ feedback disabling and network implementation can decide whether HARQ feedback disabling is supported for each scenario. The alternative of defining specific scenarios under which HARQ feedback disabling is supported would lead to increased specification impact for little benefit. The specifications would need to include multiple clauses along the lines of “if in a GEO scenario, do not send HARQ feedback, else if in a LEO scenario send HARQ feedback etc”. It is not even clear that the UE would be able to categorise which scenario it is operating in.
The benefits of supporting disabling of HARQ feedback (power consumption reduction and improvement in DL throughput through not having to send PUCCH) apply in all scenarios. HARQ stalling can be avoided in all scenarios by toggling the NDI bit. We hence do not see a need to specify disabling HARQ feedback for only certain scenarios. Through implementation, the eNB can enable or disable HARQ feedback on a scenario-by-scenario basis.
Proposal 1: RAN1 defines mechanisms for disabling HARQ feedback that are applicable to all scenarios.
Observation 2: It is up to eNB implementation to enable or disable HARQ feedback on a scenario-by-scenario basis.  

3 Configuration / Indication of HARQ feedback disabling 
The following options for configuration / indication of HARQ feedback disabling were agreed to be studied in RAN1#109e:
	· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)
· Option 5: per HARQ process via MAC CE
· Other options or combinations are not excluded



All of the options allow for disabling HARQ feedback per HARQ process, whether explicitly stated in the option or not. This is useful for cases where some HARQ processes contain “protected” information, such as an essential MAC CE or RRC message requiring HARQ feedback. NR NTN supports disabling HARQ feedback per HARQ process. It would be good to maintain consistency between NR NTN and IoT NTN. We think that it is hence possible for RAN1 to agree on the following proposal:

Proposal 2: HARQ feedback disabling can be supported on a per-HARQ process basis.
Our views on the differentiating features of the options are:
Option 1: per HARQ process via UE specific RRC signaling. This would allow HARQ feedback disabling to be configured differently to different UEs. It is not clear what criteria would be used to determine that one UE would have HARQ feedback disabled and other would have HARQ feedback enabled. Possible differentiators could include coverage, traffic type and UE capability. This option offers configuration flexibility at the expense of extra signalling load. However, the signalling load is not expected to be large since potentially only a single bit is needed to enable / disable HARQ feedback for each HARQ process.

Option 2: per HARQ process via SIB signaling. In this option, all UEs would have the same configuration for HARQ feedback disabling per HARQ process. This would reduce signalling load, although as discussed above, the signalling load for disabling HARQ feedback is not expected to be high in any case.
 
Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field). DCI signalling would allow HARQ feedback to be enabled / disabled dynamically. Dynamic enabling / disabling would provide more scheduling flexibility for the eNB, e.g. enabling HARQ feedback when there are many users such that stalling is not such a serious issue at the cell level even when the eNB (re-)schedules based on HARQ feedback (physical resources can be assigned to UE2 when the HARQ processes for UE1 are stalled). This option would require DCI re-design which often complicates the standardization process. Indication via DCI would presumably have to be additionally configured by RRC signalling, and hence would potentially have some overlap with options 1 and 2.  

Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS). This option assumes that HARQ feedback disabling is only applicable in certain coverage situations (e.g. when the number of repetitions is small relative to the RTT). However, the benefits of HARQ disabling (power consumption reduction and improvement in DL throughput, both through not having to send PUCCH) are applicable in all coverage conditions. Hence, we are not supportive of this option.

Option 5: per HARQ process via MAC CE. Configuring disabling of HARQ feedback via MAC CE may be beneficial from the perspective of signalling reliability. This option would require cross-working group coordination, which would increase specification work. It is not clear whether the MAC CE would enable / disable HARQ feedback for the HARQ process on which the MAC CE was transmitted or whether the MAC CE could enable / disable HARQ feedback for other HARQ processes too. This option would seem to require significant specification work.  

Proposal 3: RAN1 down-selects the options for configuration / indication of HARQ feedback disabling to the following 3 options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)

4 Potential issues for HARQ feedback disabling 
The following potential issues were agreed to be studied in RAN1#109e:
	· 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



Our initial views on these issues are:
Issue A: SPS PDSCH
The same mechanism for NR NTN could be applied to IoT NTN. UE follows the per-process HARQ feedback enabled/disabled configuration for the associated HARQ process except for the first SPS PDSCH after activation if additionally enabled, where ACK/NACK is always reported by UE for the first SPS PDSCH.

Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
In order to allow time for the (N)PDSCH in a HARQ process to be decoded, there needs to be sufficient time for the previous (N)PDSCH in that HARQ process to be decoded. i.e., there should be a sufficient gap between the end of a (N)PDSCH assigned to a HARQ process and the start of a subsequent (N)PDSCH assigned to the same HARQ process. This gap could be achieved in various ways:
· A scheduling restriction that enforces the gap
· The gap could occur naturally due to the time required to transmit (N)PDCCH for the subsequent (N)PDSCH
· The UE could puncture the initial subframes of the reception of the subsequent (N)PDSCH if it didn’t have time to decode the previous (N)PDSCH in the HARQ process. Given that a large number of repetitions are likely in IoT-NTN scenarios, the performance loss is likely to be minimal. 

Issue C: HARQ feedback for scheduling multiple TB
The HARQ feedback scheme for scheduling multiple TB is already sufficiently complex and RAN1 should not be looking to make significant changes to this scheme. The issue to be addressed is whether / how to generate the HARQ feedback when some HARQ processes within the MTBG have HARQ enabled and others don’t. 

Issue D: HARQ bundling for eMTC HD-FDD
This issue is similar to Issue C: whether and how to generate a HARQ feedback signal when some HARQ processes in a HARQ bundle have HARQ enabled and others don’t.
 
Issue F: NPRACH capacity
When HARQ feedback is disabled, PUCCH will be sent less frequently, giving fewer opportunities to send a scheduling request on PUCCH. This may mean that UEs would use PRACH to transmit scheduling requests instead. While this might impact PRACH capacity, presumably the eNB would have considered the impact on PRACH capacity when disabling HARQ feedback in the first place. It seems like the impact on PRACH capacity can be managed by eNB implementation.

Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
For LEO, the serving satellite may go out of coverage during a long (N)PDSCH transmission. This is a valid scenario, but RAN1 has not addressed this scenario yet in other agenda items. An impact on the disabling HARQ feedback feature would occur if this scenario were supported in the specifications and one of the cells had HARQ feedback enabled and the other cell had HARQ feedback disabled for the same HARQ process.  

At this stage, RAN1 should preferably be working on the baseline operation of the disabling HARQ feedback feature. The issues identified in the above list can be studied further if sufficient progress is made on baseline operation.
Proposal 4: The following potential issues can be further studied once the baseline operation of the HARQ feedback disabling feature is agreed:
· 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)

5 Conclusion
This document has considered issues related to disabling HARQ feedback operation for IoT-NTN. The following observations and proposals are made:
Observation 1: RAN1 does not need to discuss whether disabling HARQ feedback is supported in the Rel-18 specifications as this has already been decided in the WID.
Proposal 1: RAN1 defines mechanisms for disabling HARQ feedback that are applicable to all scenarios.
Observation 2: eNB implementation can enable or disable HARQ feedback on a scenario-by-scenario basis.  
Proposal 2: HARQ feedback disabling can be supported on a per-HARQ process basis.
Proposal 3: RAN1 down-selects the options for configuration / indication of HARQ feedback disabling to the following 3 options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)

Proposal 4: The following potential issues can be further studied once the baseline operation of the HARQ feedback disabling feature is agreed:
· 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)
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