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Introduction
In RAN#95, work item in RP-220979 has been approved and updated in RP-223519. The objectives regarding disabled HARQ feedback are the following 
	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]




In the previous meeting, RAN1#112bis-e, the following agreements were made under this agenda item:

Agreement
For Option 3 DCI indication:
· Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration
· For single TB scheduled by DCI, the DCI based overridden indication is applied to one of the following options (to be down-selected):
· Option A-1: only applied to semi-statically HARQ disabled processes
· Option A-4: applied to both semi-statically HARQ disabled and enabled processes
· FFS for multiple TBs scheduled by single DCI
· Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured)
· DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission
· For single TB scheduled by DCI, DCI-based direct indication is applied to the scheduled TB
· FFS for multiple TBs scheduled by single DCI

Agreement
For single TB scheduled by DCI, for DCI-based direct indication, down select one of the following based on the criteria DCI overhead, PDCCH monitoring behavior, impact on scheduling flexibility, UE implementation complexity, etc
· Option 1: Indication by adding one field in DCI (e.g., 1-bit) 
· Note: Other fields in DCI are the same as legacy.
· Option 2: Indication by reusing/reinterpreting existing field in DCI
· Option 2A: HARQ-ACK related field 
· For eMTC CE mode B, one state of “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.
· FFS: detailed state
· For NBIoT, one state of “HARQ-ACK resource” field in DCI format N1 is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.
· FFS: detailed state
· Option 2B: MCS or repetition number field
· Reduce 1bit of legacy MCS or repetition number field and add 1bit new field in DCI format 6-1B and N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced MCS or repetition number field
· Option 2C: HARQ-ACK related field v2
· For eMTC CE mode B, reduce 1bit of legacy “HARQ-ACK resource offset” field and add 1bit new field in DCI format 6-1B to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource offset” field
· For NBIoT, reduce 1bit of legacy “HARQ-ACK resource” field and add 1bit new field in DCI format N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource” field
· Option 2D: Other indication by reusing/reinterpreting existing field

In the following, we try to address the above issues and all other open issues pertaining to this agenda item.


On configuration of HARQ feedback enabling/disabling

According to the agreements made in the previous RAN1 meetings, HARQ feedback enabling/disabling can be configured by three different ways:
Case A) HARQ feedback is semi-statically configured via per-HARQ process bitmap
Case B) HARQ feedback enabling/disabling is dynamically indicated by DCI (i.e., DCI direct indication)
Case C) HARQ feedback is semi-statically configured via bitmap and DCI-based enabling/disabling indication/override is additionally configured.
In case C, it is still open how the semi-static configuration via bitmap plays together with the DCI-based indication: Whether DCI-override should apply to either semi-statically disabled processes or both semi-statically enabled and disabled processes. Firstly, if DCI-based override is applied to both semi-statically enabled and disabled processes, the case C is equal to the case B, i.e., the DCI field will define whether HARQ feedback is transmitted or not (i.e., DCI direct indication). Secondly, we don’t see any clear reason to override the semi-statically enabled HARQ feedback, considering the fact that scheduling for the HARQ enabled process is typically based on higher coding rate than what is used for HARQ disabled processes and thus the eNB is already repaired to do re-transmissions on the basis on HARQ feedback. On the other hand, for semi-statically HARQ disabled processes the eNB may want to ask HARQ feedback occasionally, e.g., for link adaptation purposes. Thus, the DCI override in case C should be applied only for semi-statistically HARQ disabled processes.

Proposal 1: If HARQ feedback is enabled for a HARQ process via RRC-configuration, the UE transmits ACK/NACK response for all allocated (N)PDSCH belonging to that HARQ process by using the legacy procedures regardless of whether the DCI-based overridden mechanism is configured or not, i.e., DCI-based override applies only to semi-statically HARQ disabled processes. 

The second major open issue in this WI is to determine how the DCI-based overridden/direct indication is implemented. If the semi-statically HARQ enabled processes are not subject to DCI-based overridden, the legacy DCI formats and DCI fields as well as legacy HARQ timers are assumed for these processes. In this respect, it would be beneficial to re-use existing DCI fields, instead of adding a new DCI field, for DCI-based overridden mechanism and for direct DCI-indication. For UE complexity point of view, it is very important that the same DCI-design is assumed for these two DCI-indication cases.
For NB-IoT, if RRC-configuration indicates that HARQ feedback is disabled for the UE and the DCI-based overridden mechanism is configured for the UE, the ACK/NACK resource field (4 bits) in the DCI format N1 can be reused to override the HARQ disabling for the allocated NPDSCH. As shown in Table 1 below, the ACK/NACK resource field includes 16 states indicating the subcarrier index and time offset from the end of NPDSCH to the beginning of NPUSCH carrying ACK/NACK response. At least one of the 16 states (e.g. the state 15 as shown in Table 1) can be reserved for indicating that HARQ feedback is disabled for the allocated NPDSCH while the rest of the states can be used to indicate that the HARQ feedback is enabled for the allocated NPDSCH and the eNB can still retain high flexibility to indicate the resource parameters for ACK/NACK transmission. 

Proposal 2: In NB-IoT system, the HARQ feedback for an allocated NPDSCH may be overridden or directly indicated by DCI by re-using the ACK/NACK resource field in DCI format N1.

Similar to NB-IoT, one of four states in HARQ-ACK resource offset field of DCI format 6-1B could be used for HARQ feedback disabling in eMTC CE mode B. As in NB-IoT system, reducing the scheduling options for HARQ feedback in eMTC should not be a big problem since HARQ feedback should be enabled only occasionally in NTN and thus the reducing scheduling options should be acceptable. 

Proposal 3: In eMTC CE mode B, the HARQ feedback for an allocated PDSCH may be overridden or directly indicated by DCI by re-using the HARQ-ACK resource offset field in DCI format 6-1B.

Regarding the multiple TBs scheduling by a single DCI in NB-IoT and eMTC CE mode B, for the sake of simplicity and for not increasing the DCI overhead, the DCI-based overridden mechanism as well as the direct DCI indication should be applied to all jointly scheduled HARQ processes by using the same mechanism as in a single TB scheduling case. Similar to a single TB scheduling case, the DCI-based overridden is applied only to semi-statically disabled HARQ processes.

Proposal 4: When multiple TBs are scheduled by a single DCI in NB-IoT and eMTC CE-mode B, the DCI-based overridden mechanism or direct DCI indication should be applied to all jointly scheduled HARQ processes by using the same mechanism as in a single TB scheduling case. The DCI-based overridden is applied only to semi-statically HARQ disabled processes.




Table 1: ACK/NACK subcarrier and for NPUSCH with subcarrier spacing , when DCI-based overridden mechanism is configured

	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	13

	1
	1
	13

	2
	2
	13

	3
	3
	13

	4
	0
	15

	5
	1
	15

	6
	2
	15

	7
	3
	15

	8
	0
	17

	9
	1
	17

	10
	2
	17

	11
	3
	17

	12
	0
	18

	13
	1
	18

	14
	2
	18

	15
	HARQ feedback disabled




When HARQ feedback is disabled, the eNB has more limited capability of link adaptation (outer-loop) in downlink than in the presence of feedback. Downlink link adaptation is typically based on the HARQ feedback information and, in addition, to channel quality information reported by the UE. In NB-IoT, the reporting of channel quality information in RRC-connected mode was specified as an optional feature in Rel-16. Still, the channel quality reporting mechanism in NB-IoT is not quite so flexible as e.g. in eMTC, where legacy LTE-based CSI reporting is supported. Keeping this in mind, an additional channel reporting mechanism could be considered by further trading the scheduling flexibility of ACK/NACK feedback for improved channel quality reporting. 
For example, for each UE with HARQ transmission enabled via DCI, a pair of ACK/NACK resources are reserved as shown in Table 2 below. In this case, if UE indicated with the ACK/NACK resource field value of 0 in DCI, the UE may transmit its corresponding NPUSCH using either subcarrier index 0 or index 1, based upon the channel quality measured by the UE. When the transmission parameters, e.g. the repetition number, of the allocated NPDSCH are about correct in relation to the measured channel quality, the UE transmits just ACK/NACK information using the subcarrier index 0. On the contrary, if the UE wants to suggest to the network that, e.g., repetition number of future NPDSCH transmissions should be adjusted, the UE transmits its ACK/NACK information using the subcarrier index 1. The transmission of ACK at the subcarrier index 1 means the PDSCH was successful and the repetition number of the corresponding NPDSCH was too high and could be adjusted one value down. Likewise, the transmission of NACK at the subcarrier index 1 means the PDSCH was unsuccessful and the repetition number of the corresponding NPDSCH was too low and could be adjusted one value up. In the case of UE transmitting ACK/NACK information using the subcarrier index 0, the network could record that so that the link adaption, if needed, could be done by adjusting e.g. the coding rate of NPDSCH. 

Proposal 5: In NB-IoT, when HARQ feedback is disabled for UE via RRC-configuration and DCI-based overridden mechanism is configured for the UE, an additional channel quality reporting mechanism is allowed for UE by reusing the ACK/NACK resource field in DCI format N1.




Table 2: ACK/NACK subcarrier and for NPUSCH with subcarrier spacing , when DCI-based overridden mechanism is configured and delta CSI is additionally indicated

	ACK/NACK resource field
	ACK/NACK subcarrier 
	

	Type of feedback report

	0
	0
	13
	ACK/NACK

	
	1
	13
	ACK/NACK + CSI delta

	2
	2
	13
	ACK/NACK

	
	3
	13
	ACK/NACK + CSI delta

	4
	0
	15
	ACK/NACK

	
	1
	15
	ACK/NACK + CSI delta

	6
	2
	15
	ACK/NACK

	
	3
	15
	ACK/NACK + CSI delta

	8
	0
	17
	ACK/NACK

	
	1
	17
	ACK/NACK + CSI delta

	10
	2
	17
	ACK/NACK

	
	3
	17
	ACK/NACK + CSI delta

	12
	0
	18
	ACK/NACK

	
	1
	18
	ACK/NACK + CSI delta

	14
	
	
	HARQ feedback disabled

	
	
	
	reserved





On timing relationships in the absence of HARQ feedback
 
RAN2 has sent a LS on HARQ enhancements to RAN1 [3]. One of the questions in the LS regards the following RAN1 agreement on timing relationships in NB-IoT: 
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.

Question 3: For the above RAN1 agreement, which is the correct understanding?
· [bookmark: _Hlk133328276]Understanding 1: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for the same HARQ process in a period of Y=12(ms) from the end of reception of the NPDSCH.
· [bookmark: _Hlk133328288]Understanding 2: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.


We think that the Understanding 1 is aligned with previous discussions in RAN1. That will guarantee at least 12ms processing time for NPDSCH of each HARQ process and in that respect should be well aligned with the processing requirements in the case of HARQ feedback enabled. However, we think that the formulation of the previous RAN1 agreement is not very good, and therefore we propose that the above agreement is replaced with the new one, using similar wording as in eMTC case.

Proposal 6: Replace the previous agreement on NPDSCH timing relationships in the absence of HARQ feedback with the following: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts at a NB-IoT DL subframe until X=12 (ms) have passed after the end of the reception of the last NPDSCH for that HARQ process. 


Conclusions

In this contribution we discussed issues related to disabling of HARQ feedback for IoT NTN and made the following proposals:
Proposal 1: If HARQ feedback is enabled for a HARQ process via RRC-configuration, the UE transmits ACK/NACK response for all allocated (N)PDSCH belonging to that HARQ process by using the legacy procedures regardless of whether the DCI-based overridden mechanism is configured or not, i.e., DCI-based override applies only to semi-statically HARQ disabled processes. 
Proposal 2: In NB-IoT system, the HARQ feedback for an allocated NPDSCH may be overridden or directly indicated by DCI by re-using the ACK/NACK resource field in DCI format N1.
Proposal 3: In eMTC CE mode B, the HARQ feedback for an allocated PDSCH may be overridden or directly indicated by DCI by re-using the HARQ-ACK resource offset field in DCI format 6-1B.
Proposal 4: When multiple TBs are scheduled by a single DCI in NB-IoT and eMTC CE-mode B, the DCI-based overridden mechanism or direct DCI indication should be applied to all jointly scheduled HARQ processes by using the same mechanism as in a single TB scheduling case. The DCI-based overridden is applied only to semi-statically HARQ disabled processes.
Proposal 5: In NB-IoT, when HARQ feedback is disabled for UE via RRC-configuration and DCI-based overridden mechanism is configured for the UE, an additional channel quality reporting mechanism is allowed for UE by re-using the ACK/NACK resource field in DCI format N1.
Proposal 6: Replace the previous agreement on NPDSCH timing relationships in the absence of HARQ feedback with the following: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts at a NB-IoT DL subframe until X=12 (ms) have passed after the end of the reception of the last NPDSCH for that HARQ process. 
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