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Introduction
In RAN#98_e, the WID on IoT-NTN performance enhancements in Rel-18 is approved in [1]. 
	4.1.1	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 needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

4.1.2	Mobility enhancements

The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].

4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].


In this contribution, we share our views on disabling of HARQ feedback for IoT NTN.

[bookmark: OLE_LINK40]Enabling/disabling on HARQ feedback
In RAN1#112, the following agreement on enabling/disabling of HARQ feedback configuration/indication for downlink transmission been achieved [2].
	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.



DCI-based overridden mechanism
In RAN1#112b-e, the following agreement on DCI-based overridden mechanism had been achieved [3].
	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 single TB scheduled by DCI, it was agreed that the DCI based overridden indication is applied to one of the following options (to be down-selected) in last meeting:
· Option A-1: only applied to semi-statically HARQ disabled processes
· Option A-4: applied to both semi-statically HARQ disabled and enabled processes
Option A-1 is the most flexible way. HARQ-ACK feedback of all HARQ processes configured to UE can be activated/deactivated by DCI. For Option A-4, DCI-based overridden mechanism only applied to semi-statically HARQ disabled processes. In our view, DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes should be supported.
Proposal 1: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes should be supported.

For DCI-based overridden mechanism/indication in multiple TBs scheduled by single DCI, the following Options had been discuss in previous meetings.
	· 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 TBs 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


For Option 1b, the HARQ process corresponding to each scheduled TB by a DCI supports DCI-based overridden mechanism and separate indications for each scheduled TB. It is the most flexible way. However, Option 1b will bring large bit overhead. According to the calculation of one TB corresponding to one bit, the number of bits supporting Option 1b is equal to the maximum number of TB scheduled by a DCI.
In Option 2, DCI-based overridden mechanism/indication is applied to subset of scheduled TBs. For Option 2a, the specification defines that the HARQ process corresponding to the first TB of multiple TBs scheduled by single DCI support DCI-based overridden mechanism/indication. This approach is not very flexible for the network.
For Option 2b, DCI-based overridden mechanism/indication is only applied to TBs with corresponding HARQ processes semi statically configured as disabled or enabled in multiple TBs scheduled by a DCI. This approach is also not very flexible for the network.
For Option 2c, the network can be configured with one or more of the multiple TBs scheduled by a DCI to support DCI-based overridden mechanism. For example, if a single DCI schedules 4 TB, the network can configure the first TB to support DCI-based overridden mechanism. This way can avoid large bit overhead and is flexible for the network.
For 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). This approach is also not very flexible for the network.
For Option 4, when a single DCI schedules multiple TBs, the scheduling DCI cannot indicate HARQ-ACK feedback activation/deactivation. In other words, DCI-based overridden mechanism is only supported when only one DCI schedules one TB. This is a very simple way.
In our view, Option 2c or Option 4 can be considered for DCI-based overridden mechanism/indication in multiple TBs scheduled by single DCI.
Proposal 2: Option 2c or Option 4 can be considered for DCI-based overridden mechanism/indication in multiple TBs scheduled by single DCI.


DCI direct indication of HARQ feedback enable/disable
In RAN1#112b-e, the following agreement on DCI-based HARQ enabling/disabling direct indication had been achieved.
	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 direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured, the following Options for multiple TBs scheduled by single DCI had been discuss in last meeting.
	· 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


For Option 1b, the HARQ process corresponding to each scheduled TB by a DCI supports DCI-based HARQ enabling/disabling direct indication and separate indications for each scheduled TB. It is the most flexible way. However, Option 1b will bring large bit overhead. According to the calculation of one TB corresponding to one bit, the number of bits supporting Option 1b is equal to the maximum number of TB scheduled by a DCI.
In Option 2, DCI-based HARQ enabling/disabling direct indication is applied to subset of scheduled TBs. Similar to DCI-based overridden mechanism/indication in multiple TBs scheduled by single DCI, one way is that the specification defines that the HARQ process corresponding to the first TB of multiple TBs scheduled by single DCI support DCI-based HARQ enabling/disabling direct indication. This approach is not very flexible for the network. Another way is that the network can be configured with one or more of the multiple TBs scheduled by a DCI to support DCI-based HARQ enabling/disabling direct indication. For example, if a single DCI schedules 4 TB, the network can configure the first TB to support DCI-based HARQ enabling/disabling direct indication. This way can avoid large bit overhead and is flexible for the network.
For Option 3, when a single DCI schedules multiple TBs, the scheduling DCI cannot indicate HARQ-ACK feedback activation/deactivation. In other words, DCI-based HARQ enabling/disabling direct indication is only supported when only one DCI schedules one TB. This is a very simple way.
In our view, Option 2 or Option 3 can be considered for DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI.
Proposal 3: Option 2 or Option 3 can be considered for DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI.

DCI design for DCI-based overridden/direct indication
In RAN1#112b-e, the following agreement on DCI design for DCI-based direct indication had been achieved [3].
	[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
· [bookmark: OLE_LINK2]Option 1: Indication by adding one field in DCI (e.g., 1-bit) 
· Note: Other fields in DCI are the same as legacy.
· [bookmark: OLE_LINK1]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 Option 1 may increase the DCI size.  Option 2 can avoid increasing the DCI size. As increased DCI size will degrade the performance of NPDCCH decoding, we prefer to avoid increasing the DCI size by reusing/reinterpreting existing field in DCI. 
For Option 2A, there are 4 bits in“HARQ-ACK resource” field in existing DCI format N1 as defined in the following two tables.


Table 16.4.2-1: ACK/NACK subcarrier and for NPUSCH with subcarrier spacing .
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	38
	13

	1
	39
	13

	2
	40
	13

	3
	41
	13

	4
	42
	13

	5
	43
	13

	6
	44
	13

	7
	45
	13

	8
	38
	21

	9
	39
	21

	10
	40
	21

	11
	41
	21

	12
	42
	21

	13
	43
	21

	14
	44
	21

	15
	45
	21





Table 16.4.2-2: ACK/NACK subcarrier and for NPUSCH with subcarrier spacing .
	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
	3
	18


The existing “HARQ-ACK resource” field does not have an spare state. If one state of the “HARQ-ACK resource” field is used for indication of HARQ feedback disabled, a HARQ-ACK resource location indicator value needs to be sacrificed.
For Option 2B, there are two schemes for DCI-based direct indication.
· Scheme 1: Reduce 1bit of legacy “Modulation and coding scheme” field add 1bit new field in N1 to indicate the HARQ feedback enabled/disabled.
· Scheme 2: Reduce 1bit of legacy “Repetition number ” field add 1bit new field in N1 to indicate the HARQ feedback enabled/disabled.
For Scheme 1, there are 4 bits in “Modulation and coding scheme” field in existing DCI format N0/N1. If we reduce 1bit of legacy MCS add 1bit new field in N1 to indicate the HARQ feedback enabled/disabled, for MCS indication, only 3 bits are left. In this case, it will limit the flexibility of network resource scheduling and reduce resource utilization.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For Scheme 2, there are 4 bits in “Repetition number” field in existing DCI format N0/N1. If we reduce 1bit of legacy  “Repetition number” field add 1bit new field in N1 to indicate the HARQ feedback enabled/disabled, for PDSCH repetition number indication, only 3 bits are left. In our view, if the number of PDSCH repetitions is relatively small, HARQ-ACK feedback is required to ensure reliability in NTN. If the number of PDSCH repetitions is relatively large, the gain of HARQ-ACK deactivation is not significant. Therefore, we think that when DCI direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured, the network only needs to configure an additional set or list of PDSCH repetition number candidate values. For example, the set or list of PDSCH repetition number candidate values contains 8 candidate values, and the network uses 3 bits in DCI to indicate the repeat value. In our view, In our opinion, Scheme 2 can achieve DCI-based direct indication without affecting network flexibility and increasing DCI size.
For Option 2C, there are 4 bits in “HARQ-ACK resource” field in existing DCI format N1. If we reduce 1bit of legacy “HARQ-ACK resource” field add 1bit new field in N1 to indicate the HARQ feedback enabled/disabled, for “HARQ-ACK resource” indication, only 3 bits are left. In this case, it will limit the flexibility of network resource scheduling and reduce resource utilization.
Proposal 4: For DCI-based overridden/direct indication, reusing/reinterpreting existing field in DCI should be supported.
Proposal 5: For DCI-based overridden/direct indication, reducing 1bit of legacy “Repetition number ” field add 1bit new field in N1 to indicate the HARQ feedback enabled/disabled should be supported.

HARQ feedback for scheduling multiple TB
In R16, multiple TB scheduling with single DCI had been introduced in eMTC/NB-IoT. In HARQ feedback disabling for downlink transmission, solutions should be designed for the case of transmitting HARQ feedback for multi-TB block scheduling where some TBs (or TB bundles) have feedback enabled, while some others have feedback disabled. In RAN1#110b, for multiple TB scheduling with single DCI, the following three UE behaviors are discussed 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 single DCI 
In our view, in order to minimize the impact on the standard, for multiple TB scheduling with single DCI, ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission.
Proposal 6: For multiple TB scheduling with single DCI, ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission.

Conclusion
In this contribution, we have the follow proposals:
Proposal 1: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes should be supported.
Proposal 2: Option 2c or Option 4 can be considered for DCI-based overridden mechanism/indication in multiple TBs scheduled by single DCI.
Proposal 3: Option 2 or Option 3 can be considered for DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI.
Proposal 4: For DCI-based overridden/direct indication, reusing/reinterpreting existing field in DCI should be supported.
Proposal 5: For DCI-based overridden/direct indication, reducing 1bit of legacy “Repetition number ” field add 1bit new field in N1 to indicate the HARQ feedback enabled/disabled should be supported.
Proposal 6: For multiple TB scheduling with single DCI, ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission.
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