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Introduction
WID for Rel18 IoT NTN [1] has the following objectives for RAN1.  
	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.


In this contribution, we provide further analysis and discussion on HARQ feedback enabling/disabling signaling mechanism and related issues. 
Discussion
HARQ feedback enabling/disabling configuration and indication
A new agreement on DCI indication for HARQ feedback is reached in RAN1#112bis [2]:
	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


In our latest agreements, the DCI-based HARQ feedback indication (Option 3) can be configured with the semi-static per HARQ process bitmap (Option 1), but also can be configured without the bitmap. When the per HARQ process bitmap is present, the DCI indication is used to reverse the HARQ feedback enable/disable state of the bitmap (Option A). When the bitmap is not configured, the DCI indication is a direction indication of HARQ feedback enable/disable for the scheduled TB (Option B). 
For Option A (when Option 1 and Option 3 are both configured), we need to down select between Option A-1 (override applied to semi-statically HARQ feedback disabled processes) and Option A-4 (override applied to both semi-statically HARQ feedback disabled and enabled processes). In our view, enabling HARQ feedback for a semi-statically feedback-disabled process can be useful for transmission of MAC CE and RRC signaling and link adaptation. While disabling HARQ feedback for a semi-statically feedback-enabled process can provide a higher data rate for delay sensitive services. Networks should be given the flexibility of overriding both semi-statically HARQ feedback-enabled and semi-statically HARQ feedback-disabled processes, considering the change of requirement for transmission of traffic and higher layer signaling.
Proposal 1: When configured with Option 1 and Option 3, the DCI-based overridden mechanism applies to both semi-statically HARQ feedback enabled and disabled processes. Option A-4 for Option A should be supported.
Aother agreement is about the DCI indication options [2]: 
	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 this agreement, Option 1 (adding a new 1-bit field) is a straightforward solution. Since the new bit is only added when Option 3 is configured, UE knows the DCI size when decoding PDCCH, so UE complexity will be increased as UE need to support two different DCI size when UE is configured with option 3 or not configured. The additional bit obviously results in a slightly higher coding rate, which should lead to a minor degradation in detection probability.. On the other hand, Option 2 (reusing/reinterpreting existing fields) will not request UE to support more DCI size but generally it may reduce the range of values in the reused fields, where whether there is restriction of scheduling flexibility and how much restriction should be considered. 
For convenience, relevant fields of DCI formats for DL data scheduling in CE Mode B and NB-IoT are shown in Tables 1 and 2 respectively. Among the options of reusing existing fields, Option 2A uses one state of HARQ-ACK resource indication for HARQ feedback disabling, which reduces the available HARQ-ACK resource assignments by one when HARQ feedback is enabled. Option 2B and 2C use one bit in either MCS, repetition number, or HARQ-ACK resource fields, which means the available states in the reused field will be reduced by half. The impact of reusing one bit of MCS, repettion number or HARQ-ACK resource are different. The chance of using each state of of HARQ-ACK resource is not related to UE but related to scheduling. Thus the reducing of the states for HARQ-ACK resource means reducing of the scheduling flexibility. There is always ways to mitigate the impact, e.g. to use different state of HARQ-ACK resource for HARQ feedback enabling/disabling for different UE, so that less restriction from network side as still all states of HARQ-ACK resource states can be used by network. While for option 2B, as the channel status of IoT NTN for one UE will not change significantly but rather stable over time due to most of the UE are in low mobility and LoS condition time. The field value in MCS or repetition number will be only change within a very small range of values for one UE in IoT NTN, while the entire parameter value sets are for all UE in the cell coverage with different channel status. This redundancy in DCI design can be used to indicate HARQ feedback disabling/enabling, e.g. one bit in a existing field (e.g. MCS or repetition number) of the DCI can be dedicated to the indication of HARQ feedback enabled/disabled. Additionally, to consider a common design for DL HARQ feedback enabling/disabling and UL HARQ mode A/B, it is good to use common existing field, e.g. MCS or repetition number as they are in both DCI for PDSCH and DCI for PUSCH.  
Observation 1: Option 1 in DCI to indicate HARQ feedback enabling/disabling, is simple and no impact to other field of DCI, but it need UE to support more DCI size for case when UE is configured or not configured with dynamic HARQ feedback enabling/disabling and some minor impact on DCI decoding performance.
Observation 2: Option 2A in DCI to indicate HARQ feedback enabling/disabling will not need new DCI size but it should consider different state used for different UE to reduce restriction on scheduling flexibility and HARQ=ACK resource utilization.
Observation 3: Option 2B in DCI to indicate HARQ feedback enabling/disabling will not need new DCI size while it may not have much restriction on scheduling as per-UE MCS/repetition number will not change frequently in IoT NTN and it can provide common design for DL feedback enabling/disabling and UL HARQ mode A/B.
Considering the proposed options, we prefer either Option 1 or Option 2A with UE specific state for HARQ feedback disabling or Optoin 2B.
Proposal 2: For DCI-based direct indication, support Option 1 (by adding one field) or Option 2A  or Option 2B.
[bookmark: _Hlk87092729]Proposal 3: For Option 2A, the HARQ-ACK resource state for HARQ feedback disable indication should be UE specific so as not to limit the network’s HARQ-ACK resource availability.
Table 1. DCI format 6-1B for CE Mode B PDSCH scheduling
	DCI format 6-1B for PDSCH scheduling

	Field
	Size (bits)

	Flag for 6-0B/6-1B differentiation
	1

	MCS
	4

	Resource block assignment
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	Repetition number
	3

	HARQ process number
	1

	NDI
	1

	HARQ-ACK resource offset
	2

	DCI subframe repetition number
	2

	Note:  is the allocated number of resource blocks.


Table 2. DCI format N1 for NPDSCH scheduling
	DCI format N1 for NPDSCH scheduling

	Field
	Size (bits)

	Flag for N0/N1 differentiation
	1

	NPDCCH order indicator
	1

	Scheduling delay
	3

	Resource assignment
	3

	MCS
	4

	Repetition number
	4

	NDI
	1

	HARQ-ACK resource
	4

	DCI subframe repetition number
	2



NDI out of sync problem
When HARQ feedback is disabled in the DL, the eNB has no knowledge of TB decoding outcome, not sure even if the DCI scheduling the TB has been decoded or not. In legacy HARQ operation where HARQ-ACK is always reported by the UE, the eNB would know DCI may not have been detected if HARQ-ACK is not received. In that case, the eNB would resend the TB with the same DCI (NDI, RV, HARQ process ID, MCS, etc). 
However, when HARQ feedback is disabled, the eNB has no way of knowing DCI has not been detected by the UE. This could lead to NDI state out of sync between the eNB and UE and result in decoding failure of subsequent transmissions. An example is illustrated in Figure 1. The NDI states at UE and eNB become out of sync after the UE missed a DCI with a toggled NDI at time t2. In the next transmission at time t3, the UE sees the DCI with an untoggled NDI and processes the PDSCH with TB3 as a retransmission of TB1. This will result in decoding failure of both TB1 and TB3.
Observation 4: When the UE fails to detect a DCI with a toggled NDI, the UE’s NDI state becomes out of sync with the network and results in subsequent TB decoding errors.
This problem can happen when a HARQ process is feedback disabled either semi-statically by RRC (Option 1) or dynamically by NDI indication (Option 3). RAN1 should evaluate the impact of this issue and come up with a mitigation solution. Relying on NDI bit alone may not be sufficient for new TB indication in a feedback disabled HARQ process. 
Proposal 4: Evaluate the impact of NDI out of sync due to DCI detection failure when HARQ feedback is disabled and study possible solutions.
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Figure 1. NDI out of sync due to DCI detection failure when HARQ feedback is disabled
One simple solution is to prohibit retranmission when HARQ feedback is disabled. In that case, UE simply processes every transmission of TB as new data. This, however, will restrict network’s scheduling flexibility and may impact link performance if network does not have up-to-date knowledge of channel condition.
Another possible solution is to indicate an identifier of the scheduled TB. (In fact, the NDI bit can be seen as an two-state identifier with its toggled and untoggled states.) The TB identifier should be extended beyond one bit (two states) to provide more protection against the loss of DCI. With a n-bit TB identifier, a scheduled TB can be associated with an ID in the set . The ID is only incremented at initial transmission. The UE can distinguish between initial transmission and retransmission based on whether the ID has changed in the corresponding HARQ process. 
More protection can be provided by using more bits to indicate the TB identifier. To mitigate the NDI out of sync problem, then at least one more bit in addition to NDI is needed for TB identification. Since the problem arises only when HARQ feedback is disabled, the existing HARQ-ACK resource field is the natural choice for TB identifier indication. 
Proposal 5: Consider using HARQ-ACK resource field for TB identifier indication to mitigate NDI out of sync when HARQ feedback is disabled. 
HARQ feedback disabling for multi-TB scheduling
DCI format 6-1B for CE mode B multi-TB scheduling and DCI format N1 for NB-IoT multi-TB scheduling are shown in Tables 3 and 4 respectively. For CE mode B, DCI format 6-1B can schedule up to four TBs. The field “Scheduling TBs for Unicast” indicates MCS, HARQ processes, and NDI. For NB-IoT, DCI format N1 can schedule up to two TBs (when “Number of scheduled TB for Unicast” is set to 1). The DCI can work the same way as in single TB scheduling to indicate HARQ feedback enable/disable, although it is difficult to indicate for each scheduled TB individually. It is also desirable to have a common DCI indication solution in case of single TB scheduling and multiple TB scheduling.
Observation 5: DCI indication for HARQ feedback enable/disable in single TB scheduling can be applied to multi-TB scheduling.
Since it is difficult to provide individual indication for each TB in multi-TB scheduling, one option is to indicate or override HARQ feedback enable/disable for all the scheduled TBs. This will not be efficient if, for example, only one MAC CE needs to be acknowledged when multiple TBs are scheduled in semi-statically HARQ feedback-disabled processes. Another option is the DCI indication applies only to the first scheduled TB. However, a more flexible option is to allow the network to configure a subset of TBs for DCI-based HARQ feedback enable/disable indication in multi-TB scheduling.
Proposal 6: The same DCI indication for HARQ feedback enable/disable in single-TB scheduling is used for HARQ feedback enable/disable in multi-TB scheduling.
Proposal 7: A subset of scheduled TBs can be configured for DCI-based HARQ feedback enable/disable in multi-TB scheduling.  
Table 3. DCI format 6-1B for CE Mode B PDSCH multi-TB scheduling 
	DCI format 6-1B for PDSCH scheduling

	Field
	Size (bits)

	Flag for 6-0B/6-1B differentiation
	1

	Resource block assignment
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	Repetition number
	3

	HARQ-ACK resource offset
	2

	DCI subframe repetition number
	2

	Scheduling TBs for Unicast
	10

	Note:  is the allocated number of resource blocks.


Table 4. DCI format N1 for NPDSCH multi-TB scheduling
	DCI format N1 for NPDSCH scheduling

	Field
	Size (bits)

	Flag for N0/N1 differentiation
	1

	NPDCCH order indicator
	1

	Scheduling delay
	3

	Resource assignment
	3

	MCS
	4

	Repetition number
	4

	NDI
	1

	HARQ-ACK resource
	4

	DCI subframe repetition number
	2

	[bookmark: _Hlk131532090]Number of scheduled TB for Unicast
	1

	HARQ process number
	1


In legacy specs, HARQ bundling in eMTC multi-TB scheduling is indicated by the DCI field “Multi-TB HARQ-ACK bundling size” (TS 36.213, section 7.3) and HARQ-ACK timing depends on whether TB interleaving or HD-FDD is in use (TS 36.213, section 10.2). For NB-IoT, two TBs can be scheduled in two HARQ processes, and HARQ-ACK timing is indicated by the “HARQ-ACK resource” DCI field (TS 36.213, section 16.4.2). 
To decide on how HARQ-ACK is reported when some of the HARQ processes of the scheduled TBs are feedback disabled, we need to consider multiple cases such as HARQ bundling, TB interleaving, HD-FDD, and eMTC vs. NB-IoT. Given that the eNB is not expecting HARQ-ACK from a feedback disabled process, the solution should in principle strive for UE power saving, efficient use of UL resource, and less scheduling restriction for new DL data.
Proposal 8: HARQ-ACK reporting for IoT NTN in multi-TB scheduling should consider the cases of HARQ bundling, TB interleaving, HD-FDD vs FD-FDD, eMTC vs NB-IoT.
Proposal 9: HARQ-ACK reporting for IoT NTN in multi-TB scheduling should try to avoid unnecessary UE power and UL resource waste and allow for earlier DL data monitoring.
 
[bookmark: _Hlk68691077]Conclusion
In this contribution, we discussed disabling of HARQ feedback for NB-IoT/eMTC over NTN, our observations and proposals are presented as following:
Observation 1: Option 1 in DCI to indicate HARQ feedback enabling/disabling, is simple and no impact to other field of DCI, but it need UE to support more DCI size for case when UE is configured or not configured with dynamic HARQ feedback enabling/disabling and some minor impact on DCI decoding performance.
Observation 2: Option 2A in DCI to indicate HARQ feedback enabling/disabling will not need new DCI size but it should consider different state used for different UE to reduce restriction on scheduling flexibility and HARQ=ACK resource utilization.
Observation 3: Option 2B in DCI to indicate HARQ feedback enabling/disabling will not need new DCI size while it may not have much restriction on scheduling as per-UE MCS/repetition number will not change frequently in IoT NTN and it can provide common design for DL feedback enabling/disabling and UL HARQ mode A/B.
Observation 4: When the UE fails to detect a DCI with a toggled NDI, the UE’s NDI state becomes out of sync with the network and results in subsequent TB decoding errors.
Observation 5: DCI indication for HARQ feedback enable/disable in single TB scheduling can be applied to multi-TB scheduling.

Proposal 1: When configured with Option 1 and Option 3, the DCI-based overridden mechanism applies to both semi-statically HARQ feedback enabled and disabled processes. Option A-4 for Option A should be supported.
Proposal 2: For DCI-based direct indication, support Option 1 (by adding one field) or Option 2A  or Option 2B.
Proposal 3: For Option 2A, the HARQ-ACK resource state for HARQ feedback disable indication should be UE specific so as not to limit the network’s HARQ-ACK resource availability.
Proposal 4: Evaluate the impact of NDI out of sync due to DCI detection failure when HARQ feedback is disabled and study possible solutions.
Proposal 5: Consider using HARQ-ACK resource field for TB identifier indication to mitigate NDI out of sync when HARQ feedback is disabled. 
Proposal 6: The same DCI indication for HARQ feedback enable/disable in single-TB scheduling is used for HARQ feedback enable/disable in multi-TB scheduling.
Proposal 7: A subset of scheduled TBs can be configured for DCI-based HARQ feedback enable/disable in multi-TB scheduling.  
Proposal 8: HARQ-ACK reporting for IoT NTN in multi-TB scheduling should consider the cases of HARQ bundling, TB interleaving, HD-FDD vs FD-FDD, eMTC vs NB-IoT.
Proposal 9: HARQ-ACK reporting for IoT NTN in multi-TB scheduling should try to avoid unnecessary UE power and UL resource waste and allow for earlier DL data monitoring.
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