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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk521259925]During last RAN1 meeting, the configurations/indication on enabling/disabling of HARQ feedback in IoT NTN have been discussed, and some progress on DCI indication mechanism were achieved [1]. 
In this contribution, we will further discuss and share our views on disabling of HARQ feedback for IoT NTN, including the detailed configuration/indication and other enhancements on disabling of HARQ feedback for IoT NTN.
2. Discussion
2.1 Configuration/indication of disabling HARQ feedback
Disabling of HARQ feedback is beneficial to throughput improvement and latency reduction. In addition, disabling of HARQ feedback may especially bring more benefits to the GEO network scenarios (e.g. GEO with RTT about 500 ms) due to the transmission waiting time is reduced.
For the disabling of HARQ feedback in IoT NTN, one key issue is the configuration of enabling/disabling HARQ feedback for both eMTC NTN and NB IoT NTN. Several options from different perspectives were discussed during previous RAN1 meetings, and the working assumption on reusing RRC signalling for CE Mode A as well as using two merged options for NB-IoT NTN and eMTC NTN for CE Mode B was modified and agreed in RAN1#112 meeting [2].
	RAN1#110 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.
RAN1#110 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
RAN1#112 Agreement
Confirm the following working assumption with the following update:
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.


2.2.1 DCI-based overridden mechanism/direct indication
Considering the configuration of enabling/disabling HARQ feedback for NB IoT NTN and eMTC NTN for CE Mode B, the bitmap to indicate the configuration per HARQ process in NR NTN can be reused for RRC-based mechanism, and one issue is the detailed configuration of the DCI direct indication and DCI-based overridden mechanism. Whether DCI-based overridden mechanism can be applied to semi-statically HARQ enabled process or HARQ disabled process or both for single TB has been discussed in the last RAN1 meeting, and the following alternatives are proposed for further consideration.
	RAN1#112bis-e 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


For DCI-based overridden mechanism, from our perspective, to support dynamic enabling/disabling configuration for the HARQ process, it is feasible to apply the DCI overridden indication on both HARQ feedback enabling and disabling process. Since there are concerns on MAC CE activation issue and other important message for NB IoT NTN and eMTC NTN for CE Mode B with very limited number of HARQ process, especially for single HARQ process, the DCI indication method is supported to provide more flexibility. Considering that disabling of HARQ feedback is beneficial to throughput improvement and latency reduction, it is reasonable to also apply the DCI-based overridden mechanism on semi-statically HARQ enabled process, which can provide more flexibility and avoid the latency caused by RRC reconfiguration.  
Proposal 1. For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, DCI-based overridden mechanism can be applied to both semi-statically HARQ enabled and disabled processes.
Besides, multiple TBs scheduled by a single DCI has been supported for NB-IoT and eMTC, the per HARQ process bitmap via UE specific RRC signaling can be directly applied on the multiple TBs cases, another issue is whether/how DCI direct indication and/or DCI-based overridden mechanism can be applied for multiple TBs cases. We think it is reasonable to apply DCI-based overridden mechanism and DCI direct indication on multiple TBs scheduled by a single DCI to provide flexibility and throughput gain as well. Furthermore, for simplicity, one indication applied to all TBs scheduled by a DCI can be a straightforward way with less specification effort, and the same indication mechanism can be applied to both single TB and multiple TBs cases. The detailed indication method will be discussed in the next section.
Proposal 2. DCI-based overridden mechanism and DCI direct indication can be applied to the cases of multiple TBs scheduled by a single DCI, and single indication can be applied to all scheduled TBs.
2.2.2 DCI indication of HARQ feedback
Considering the DCI-based overridden/direct indication of enabling/disabling HARQ feedback, two options were proposed  and some detailed alternatives for reinterpreting existing DCI field discussed in the last RAN1 meeting are listed below, whether to introduce a new DCI field or reuse the existing DCI field for DCI direct indication, and the detailed signalling design need to be further discussed.
	RAN1#112 Agreement
For DCI-based overridden/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
· Option 2: Indication by reusing/reinterpreting existing field in DCI
RAN1#112bis-e 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


For the overridden/direct indication in DCI to indicate the enabled/disabled HARQ feedback, it is preferred not to introduce additional DCI field in order to minimize the standard impact and blind detection complexity. Regarding the limited number of HARQ process in NB-IoT NTN and eMTC NTN for CE Mode B, i.e., one or two HARQ process, it is reasonable to reuse the existing DCI filed, and one single bit in the existing DCI field can be reinterpreted to indicate the enabling or disabling feedback of HARQ process. 
From our perspective, the existing DCI field reused for the indication of HARQ process enabling/disabling should minimize the impact on the existing indication information and scheduling flexibility. Besides, considering the semi-statistic bitmap configuration via UE specific RRC signalling, it is specified the bit(s) set to 1 identify HARQ processes with disabled DL HARQ feedback and the bit(s) set to 0 identify HARQ processes with enabled DL HARQ feedback. The similar indication method can be applied for identifying DCI direct indication. Therefore, the MSB in the HARQ-ACK resource field of DCI format N1 and HARQ-ACK resource offset of DCI format 6-1B can be reinterpreted to indicate HARQ feedback enabling/disabling. For example, if the MSB of the field is set to “1”, the HARQ process will be configured with disabling of HARQ feedback, and if the MSB of the field is set to “0”, the HARQ processes will be configured with enabled DL HARQ feedback. And the remaining LSBs of the HARQ-ACK related field are still interpreted as the legacy manner.
Proposal 3. When DCI direct indication is enabled, the existing HARQ-ACK related DCI field can be reinterpreted to indicate the enabling/disabling of HARQ feedback for the HARQ process.   
· For NB IoT NTN, using the MSB of HARQ-ACK resource field in DCI format N1 to indicate enabling/disabling of HARQ feedback for the HARQ process.
· For eMTC NTN for CE Mode B, using the MSB of HARQ-ACK resource offset in DCI format 6-1B to indicate enabling/disabling of HARQ feedback for the HARQ process.
Besides, for DCI-based overridden mechanism, although we prefer the direct indication can be applied with 1 bit information in the DCI, which provide a unified indication mechanism for “Option 3” and “Option 3 + Option 1”, it is agreed in the last RAN1 meeting that using DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration. While the same bit information as DCI direct indication in existing DCI field can be considered. The MSB bit of the HARQ-ACK related DCI field set to “1” means the RRC configuration of HARQ feedback enabling/disabling will be reversed for the HARQ process. 
Proposal 4. For DCI-based overridden mechanism, the MSB of existing HARQ-ACK related DCI field can be reinterpreted to reverse the enabling/disabling of HARQ feedback for the HARQ process. 
2.2 HARQ feedback for scheduling multiple TBs
To support multiple TBs scheduling with a single DCI, the issue on the HARQ feedback for scheduling multiple TBs has been discussed during previous meetings. As up to 2 TBs scheduled by a single DCI in NB IoT and up to 8 TBs scheduled by a single DCI for eMTC has been supported, the HARQ feedback for each TB needs to be further discussed, especially for the cases when part of TBs correspond to HARQ enabled processes and the others correspond to HARQ disabled processes. Several options on whether/which feedback should be reported for HARQ disabled process were proposed and shown as follows [3].
	[Proposal 5-1a]: 
For NBIoT two TBs scheduled by single DCI, the following UE behaviors are considered for the downlink transmission with HARQ process disabled：
· Option 1: ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission
· Option 2: HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled)
· Option 3: HARQ feedback is reported or not depending on the other TBs HARQ-enabled/HARQ-disabling scheduled by DCI 
· Other options are not excluded

[Proposal 5-2a]: 
At least for eMTC FDD/HD-FDD multiple TBs scheduled by single DCI without HARQ bundling, the following UE behaviors are considered for the downlink transmission with HARQ process disabled：
· Option 1: ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission
· Option 2: HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled)
· Other options are not excluded
FFS:  scenarios for eMTC FDD/HD-FDD multiple TBs scheduled by single DCI with HARQ bundling


From our understanding, the HARQ feedback of feedback-disabled HARQ process for scheduling multiple TBs in IoT NTN can refer to the codebook enhancement method of disabling HARQ feedback in Rel-17 NTN. When multiple TBs are scheduled by a single DCI, for HARQ feedback in NB-IoT over NTN and semi-persistent HARQ feedback in eMTC over NTN, the UE can consistently report ACK-only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.
Proposal 5. For two TBs scheduled by a single DCI in NB-IoT over NTN, the UE can report ACK for the feedback-disabled HARQ process regardless of decoding results of corresponding NPDSCH.
Proposal 6. For multiple TBs scheduled by a single DCI in eMTC over NTN, the UE can report ACK for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.
2.3 (N)PDSCH/(N)PDCCH scheduling restriction
RAN2 sent an LS on HARQ Enhancements to RAN1 and one of the questions is the clarification on the agreements of NPDSCH/NPDCCH scheduling restriction in NB IoT NTN.
The (N)PDSCH scheduling restriction in NB-IoT NTN and eMTC NTN were discussed respectively during previous RAN1 meetings, and it is agreed that 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. And in eMTC NTN, UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding MPDCCH for the given HARQ process in a period of 3(ms). The agreements achieved in RAN1 meetings are shown as the following.
	RAN1#110bis-e 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.
RAN1#112 Agreement
For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding MPDCCH for the given HARQ process that starts at a BL/CE DL subframe until X=3 (ms) have passed after the end of the reception of the last PDSCH for that HARQ process. 
R2-2304274 LS on HARQ Enhancements
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.


The (N)PDSCH/(N)PDCCH scheduling restrictions are separately discussed due to the different UE capability in NB IoT and eMTC. Since eMTC NTN UE is capable to decode MPDCCH and PDSCH in the same sub-frame, only the scheduling restriction for the MPDCCH and PDSCH for the given HARQ process is considered. While for NB IoT NTN, considering the UE capability and power consumption, NPDCCH monitoring restriction is required to align with the legacy behavior that NB IoT UE is not required to decode NPDCCH and NPDSCH simultaneously. Thus, considering the Question 3 raised in RAN2 LS, we think Understanding 2 is the correct one, the period for (N)PDSCH/(N)PDCCH scheduling restriction should take all the HARQ processes into consideration.
Proposal 7. From RAN1 perspective, for the agreement on NPDSCH/NPDCCH scheduling restrictions in NB IoT NTN, Understanding 2 of Question 3 proposed in RAN2 LS is the correct understanding.

3. Conclusions
In this contribution, we share our views on the issues of disabling of HARQ feedback for IoT NTN. The observations and proposals are summarized as follows:
Proposal 1. For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, DCI-based overridden mechanism can be applied to both semi-statically HARQ enabled and disabled processes.
Proposal 2. DCI-based overridden mechanism and DCI direct indication can be applied to the cases of multiple TBs scheduled by a single DCI, and single indication can be applied to all scheduled TBs.
Proposal 3. When DCI direct indication is enabled, the existing HARQ-ACK related DCI field can be reinterpreted to indicate the enabling/disabling of HARQ feedback for the HARQ process.   
· For NB IoT NTN, using the MSB of HARQ-ACK resource field in DCI format N1 to indicate enabling/disabling of HARQ feedback for the HARQ process.
· For eMTC NTN for CE Mode B, using the MSB of HARQ-ACK resource offset in DCI format 6-1B to indicate enabling/disabling of HARQ feedback for the HARQ process.
Proposal 4. For DCI-based overridden mechanism, the MSB of existing HARQ-ACK related DCI field can be reinterpreted to reverse the enabling/disabling of HARQ feedback for the HARQ process. 
Proposal 5. For two TBs scheduled by a single DCI in NB-IoT over NTN, the UE can report ACK for the feedback-disabled HARQ process regardless of decoding results of corresponding NPDSCH.
[bookmark: _GoBack]Proposal 6. For multiple TBs scheduled by a single DCI in eMTC over NTN, the UE can report ACK for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.
Proposal 7. From RAN1 perspective, for the agreement on NPDSCH/NPDCCH scheduling restrictions in NB IoT NTN, Understanding 2 of Question 3 proposed in RAN2 LS is the correct understanding.
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