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[bookmark: _Ref18181]Introduction
In RAN1#112bis-e[1], the solutions to configure the HARQ feedback enabling/disabling for IoT-NTN was discussed with corresponding progress.
In this contribution, the solutions to configure the HARQ feedback enabling/disabling and potential issues are further elaborated with corresponding analysis. 
Configuration of HARQ feedback disabling
To mitigate the impact of HARQ stalling with potential improvement on the data rate for IoT case to enable more service, the detailed solutions to configure the HARQ feedback enabling/disabling were discussed in the RAN1#112bit-e meeting and corresponding agreements was agreed with FFSs on detailed design. And below agreements further list the potential options on how to implement DCI-based overridden/direct indication and options on how to indicate the DCI-based direct indication.
	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
[bookmark: _Hlk133492071]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


Considering that enabling feedback-disabled process can be useful for link adaptation, and disabling feedback-enabled process can provide a higher data rate, it is preferred that the DCI based overridden indication is applied to both semi-statically HARQ disabled and enabled processes, which provides full flexibility of configuration. Therefore, Option A-4 should be considered when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured.
Regarding the details of DCI-based direct indication, it is preferred to define a new bit field in DCI to directly indicate whether the scheduled TB is HARQ feedback disabled, thus providing full scheduling flexibility of DCI without affecting original interpretation. Furthermore, for DCI-based overridden mechanism, a new bit field in DCI to reverse the HARQ feedback enable/disable for the corresponding transmission can also be considered. In this case, no matter what is configured for RRC-based configuration, the DCI interpretation can be kept consistent with this method. And a common design of DCI can be achieved for “DCI-based direct indication” and “DCI-based overridden mechanism”.  
Proposal 1: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured.
Proposal 2: For DCI-based direct indication, a new bit field can be defined in DCI to indicate whether the HARQ feedback for the TB scheduled by this DCI is disabled or not.
Proposal 3: For DCI-based overridden mechanism, a new bit field can be defined in DCI to indicate whether to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration.
In addition, in RAN1 #112[2], DCI-based overridden mechanism/indication and DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI was discussed with potential solutions captured in the FL summary as follows:
	[Proposal 1-3c]:
For DCI-based overridden mechanism/indication in multiple TBs scheduled by single DCI, down select one of the following
· Option 1: DCI-based overridden mechanism/indication is applied to all scheduled TBs
· Option 1a: single indication applied to all scheduled TBs
· Option 1b: separate indications for each scheduled TB
· Option 2: DCI-based overridden mechanism/indication is applied to subset of scheduled TBs 
· Option 2a: first TB scheduled by DCI
· Option 2b: HARQ enabled or disabled TBs scheduled by DCI
· Option 2c: TB scheduled by DCI also configured by higher layer
· Option 3: DCI-based overridden mechanism/indication applied TBs is determined by the per-HARQ RRC configuration (e.g., all HARQ enabled, all HARQ disabled or mixed HARQ enabled/disabled configuration)
· Option 4: DCI-based overridden mechanism/indication is not applied to multiple TBs scheduled by single DCI
[Proposal 1-4a]:
For DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI, down select one of the following
· Option 1: DCI-based HARQ enabling/disabling direct indication is applied to all scheduled TBs
· Option 1a: single indication applied to all scheduled TBs
· Option 1b: separate indications for each scheduled TB
· Option 2: DCI-based HARQ enabling/disabling direct indication is applied to subset of scheduled TBs (e.g., first TB scheduled by DCI)
· Option 3: DCI-based HARQ enabling/disabling direct indication is not applied to multiple TBs scheduled by single DCI
Note: DCI-based HARQ enabling/disabling direct indication is the DCI signaling to indicate HARQ enabling/disabling for the corresponding transmission if per HARQ RRC configuration is not present and DCI-based RRC signaling is configured.


In our understanding, for DCI-based overridden mechanism/indication, single indication can apply to all scheduled TBs regardless of whether the HARQ feedback is disabled or not by RRC configuration, which is a straightforward way with low complexity. Similarly, for DCI-based direct indication, single indication is also preferred for all scheduled TBs instead of a subset. Moreover, separate indications can also be considered for each scheduled TB, which can provide further scheduling flexibility. When using other options, there will be more spec effort but no significant benefit. Hence, Option 1 is more preferred.
Proposal 4: For DCI-based override mechanism/indication in multiple TBs scheduled by single DCI, Option 1, i.e., DCI-based overridden mechanism/indication is applied to all scheduled TBs, is preferred.
Proposal 5: For DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI, Option 1, i.e., DCI-based HARQ enabling/disabling direct indication is applied to all scheduled TBs, is preferred.
Further study on potential issues
[bookmark: _GoBack]Potential issues mentioned in this section are related to HARQ disabling and corresponding standard impacts/enhancements. Since the HARQ feedback disable design is still under discussion, we only state our views on the main issues.
1.1 HARQ feedback for scheduling multiple TBs
The feature of eMTC/NB-IoT multiple TBs scheduled by single DCI is introduced in Rel-16. In RAN1#112 meeting, how to handle the case where part of TBs scheduled by single DCI are HARQ feedback disabled was discussed for further study. 
Firstly, it should be noted that HARQ bundling is supported when multiple TBs scheduled by single DCI. In this case, it is possible that HARQ enabled and disabled processes are bundled together. In legacy specification, AND operation will be performed for the HARQ feedbacks of bundled TBs. Hence, the feedback corresponding to HARQ disabled process should be assumed as ACK to make it transparent when performing AND operation. Meanwhile, for a disabled HARQ process, when the initial or retransmission is completed, a new transmission or retransmission of the same HARQ process can be performed without waiting even if feedback is assumed to be reported by UE. The throughput gain of HARQ feedback disabling can still be achieved if ACK is assumed for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission. Hence, in order to achieve a unified design that minimizes the impact on the standard, for multiple TBs scheduled by single DCI without HARQ bundling, ACK is also preferred. 
Proposal 5: For multiple TBs scheduled by single DCI, ACK is assumed for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission. 
RRC parameters
For HARQ feedback disabling configuration, RAN1 has achieved following agreements.
	Agreement
For HARQ feedback for eMTC SPS PDSCH, at least the following is supported: UE follows the per-process HARQ feedback enabled/disabled configuration for the associated HARQ process except for the first SPS PDSCH after activation
· for the first SPS PDSCH after activation,
· Option 1: If HARQ feedback for SPS activation is additionally 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, and follow per-process HARQ feedback enabled/disabled configuration otherwise.
Agreement
Confirm the following working assumption with the following update:
[bookmark: _Hlk128662819]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 in case only per-HARQ process bitmap signaling is configured 
· Support Option 3 DCI direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured
· Support Option 3 DCI indication to override Option 1 configuration for corresponding transmission in case both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ feedback enabled and disabled processes or only applied to semi-statically HARQ feedback disabled processes or only applied to semi-statically HARQ feedback enabled processes.
· FFS #2: whether/how to support Option 3 overriding Option 1 configuration for corresponding transmission for multiple TBs scheduled by single DCI
· FFS#3：Option 3 DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration or DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration.
RAN1 strives to have a common design (in terms of DCI design, PDCCH monitoring, etc.) for “Option 3” and “Option 3 + Option 1”.
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.


The potential RRC parameters for above agreements are proposed below.
[bookmark: _Ref134636337]Table 1 RRC parameter list for disabling of HARQ feedback for IoT-NTN
	Parameter name
	Field descriptions
	Value range

	HARQ-feedbackEnablingforSPSactive-r18
	If enabled, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of if HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation
Otherwise, UE follows configuration of HARQ feedback enabled/disabled corresponding to the first SPS PDSCH after activation
	BOOLEAN

	DownlinkHARQ-FeedbackDisabled-NB-r18
	To enable/disable the HARQ-feedback per HARQ process
	Bitmap(SIZE (2))

	DownlinkHARQ-FeedbackDisabled-r18
	To enable/disable the HARQ-feedback per HARQ process
	Bitmap(SIZE (2))

	DCIBasedSolutionEnablingforHARQ-Feedbackdisabling-NB-r18
	To enable/disable the DCI based solution for configuration of HARQ-feedback enabling/disabling
	BOOLEAN

	DCIBasedSolutionEnablingforHARQ-Feedbackdisabling-CEmodeB-r18
	To enable/disable the DCI based solution for configuration of HARQ-feedback enabling/disabling
	BOOLEAN


Proposal 7: RRC parameter list in Table 1 can be a starting point for discussion.
Conclusions
In this contribution, analysis on the solutions to configure the HARQ feedback enabling/disabling and potential issues are conducted with following proposals and observations:
Proposal 1: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured.
Proposal 2: For DCI-based direct indication, a new bit field can be defined in DCI to indicate whether the HARQ feedback for the TB scheduled by this DCI is disabled or not.
Proposal 3: For DCI-based overridden mechanism, a new bit field can be defined in DCI to indicate whether to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration.
Proposal 4: For DCI-based override mechanism/indication in multiple TBs scheduled by single DCI, Option 1, DCI-based overridden mechanism/indication is applied to all scheduled TBs, is preferred.
Proposal 5: For DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI, Option 1, DCI-based HARQ enabling/disabling direct indication is applied to all scheduled TBs, is preferred.
Proposal 6: For multiple TBs scheduled by single DCI, ACK is assumed for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission.
Proposal 7: RRC parameter list in Table 1 can be a starting point for discussion.
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