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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
In RAN1#112bis [2], we agreed that DCI-based HARQ feedback enabling/disabling indication (Option 3) can be an overridden mechanism, or a direction 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


In RAN1#113 [3], we further agreed on the following working assumptions regarding how HARQ feedback enabling/disabling is indicated by the DCI when a single TB is scheduled.
	Working assumption
For DCI-based direct indication in single TB scheduled by DCI, 
· Indication by reusing/reinterpreting HARQ-ACK related field in DCI
· 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, and whether this state is different across different UEs
· 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, and whether this state is different across different UEs
· If reusing/reinterpreting HARQ-ACK related field in DCI is also used for DCI overriding scheme, the interpretation of the state can be different than for DCI-based direct indication.
[bookmark: _Hlk135835537]Agreement
For single TB scheduled by DCI, 
· Working assumption 1 DCI based overridden indication is applied to both semi-statically HARQ disabled and enabled processes
· For DCI based overridden indication, adopt indication by reusing/reinterpreting HARQ-ACK related field in DCI
· For eMTC CE mode B, “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of maintaining/reversing the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration and corresponding HARQ-ACK resource in case of indication of HARQ feedback enabled.
· HARQ feedback disabled is reversed to enabled in case of any states other than state A in “HARQ-ACK resource offset”, otherwise is maintained as disabled.
· HARQ feedback enabled is maintained in case of any states other than state A in “HARQ-ACK resource offset”, otherwise is reversed to disabled.
· FFS: detailed state A, and whether this state A is different across different UEs
· For NBIoT, “HARQ-ACK resource” field in DCI format N1 is used for indication of maintaining/reversing the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration and corresponding HARQ-ACK resource in case of indication of HARQ feedback enabled.
· The same DCI indication functionality as eMTC is adopted.
· Working assumption 2 For Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the NBIoT UE does not wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH for the same HARQ process (or monitoring any NPDCCH for the case of single HARQ process configuration). 
· Send an LS to RAN2 with the following contents:
· RAN1 respectfully ask RAN2 for the feasibility of Working assumption 2 (taking into account potential RAN2 spec impact).


[bookmark: _Hlk87092729]In RAN1#112bis, we agreed to support DCI-based HARQ feedback enabling/disabling in two configurations when a single TB is scheduled. Option A: Both per-HARQ process bitmap for HARQ feedback enable/disable and DCI-based HARQ feedback indication are configured. The DCI indication is used to override the HARQ feedback enable/disable status of the scheduled TB. Option B: Only DCI-based HARQ feedback indication is configured, but not the per-HARQ process bitmap. In this option, the DCI directly indicates the HARQ feedback enable/disable status of the scheduled TB. 
In RAN1#113, we made working assumptions on DCI signaling design for Option A (DCI-based overridden mechanism) and Option B (DCI-based direct indication). For both Option A and Option B, “HARQ-ACK resource” field in DCI format N1 and “HARQ-ACK resource offset” field in DCI format 6-1B are used to indicate the HARQ feedback status of the scheduled TB for NB-IoT and eMTC CE mode B respectively. One state of the field is designated for HARQ feedback “disabled” indication, and other states are used to indicate HARQ feedback “enabled” while also indicate the corresponding HARQ-ACK resource. 
DCI indication of the HARQ feedback status for the scheduled TB is essentially the same for Option A and Option B. For Option A, whether HARQ feedback status is maintained or reversed depends on if the bitmap status and the DCI indication is same or different. But the end effect is determined by the DCI indication. And the same DCI indication method is used in Option A and Option B.
Observation 1: The same DCI indication for HARQ feedback enable/disable status of the scheduled TB is used for Option A (per-HARQ bitmap with DCI overridden mechanism) and Option B (DCI direct indication).
There needs to be a designated state in the (4-bit) “HARQ-ACK resource” field of DCI format N1 or in the (2-bit) “HARQ-ACK resource offset” field of DCI format 6-1B for indication of HARQ feedback “disable” when the DCI based solution is configured. This means the HARQ-ACK resource is indicated by one less state when HARQ feedback is enabled. For NB-IoT, it is a reduction from 16 states to 15 states. For CE mode B, it is a reduction from 4 states to 3 states. If the state for “HARQ feedback disable” is fixed, the unavailability of this state will impact HARQ-ACK scheduling capacity, as shown in Table 1 below. This will reduce the HARQ-ACK resource efficiency, especially for case 1) when all TBs are scheduled with feedback enabled but the fixed state for “HARQ feedback disable” can not be used and case 2) when there are multiple UEs scheduled and the fixed state can not be used for HARQ feedback. To avoid this problem, we think the special state should be configured differently for different UEs, so that network can utilize all the states of the HARQ-ACK field.
Table 1. Potential loss of HARQ-ACK capacity due to a fixed state for HARQ feedback disable indication
	DCI format
	6-1B
	N1

	DCI field
	HARQ-ACK resource offset
	HARQ-ACK resource

	Number of bits
	2
	4

	Number of states
	4
	16

	Potential capacity loss due to HARQ feedback indication
	25%
	6.25%


Observation 2: Using a fixed state of DCI “HARQ-ACK resource” and “HARQ-ACK resource offset” fields to indicate HARQ feedback disable will reduce the network’s HARQ-ACK scheduling capacity.
Proposal 1: The special state of DCI “HARQ-ACK resource” and “HARQ-ACK resource offset” fields for HARQ feedback disable indication should be configured as UE specific. 
In principle, we see no issue with the working assumption of using the DCI field “HARQ-ACK resource” or “HARQ-ACK resource offset” to indicate HARQ feedback enable/disable. We propose to confirm the working assumptions related to DCI indication for HARQ feedback enable/disable.
Proposal 2: Confirm RAN1#113 working assumptions related to DCI indication method for HARQ feedback enable/disable.
Regarding working assumption 2 for the DCI overridden mechanism, we have questions about UE behavior in PDCCH monitoring. Further discussion is presented in Section 2.3.
HARQ feedback disabling for multi-TB scheduling
In RAN1#113, the following agreement is reached [3]:
	Agreement
for NB-IoT and LTE-MTC in CE Mode B, if multiple TBs is configured, for DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI, the same indication is applied to all scheduled TBs, i.e. HARQ is enabled or disabled for all TBs.


In this agreement from RAN1#113, DCI-based direct indication of HARQ feedback enable/disable applies to all the TBs scheduled by that DCI. The UE either reports HARQ feedback for all scheduled TBs (as in legacy) or does not report any HARQ feedback. When reporting HARQ feedback, the UE follows existing HARQ-ACK timing and HARQ-ACK bundling procedure if HARQ-ACK bundling is configured. When HARQ feedback is disabled, the UE returns to PDCCH monitoring after the processing delay for data decoding (as agreed in RAN1#110b and RAN1#112). No additional specification efforts are required for the DCI direct indication in multi-TB scheduling.
Observation 3: Existing specifications and agreements are sufficient for DCI direct indication of HARQ feedback enable/disable in multi-TB scheduling. 
One state of the “HARQ-ACK resource” field in DCI format N1 and one state of the “HARQ-ACK resource offset” field in DCI format 6-1B are used for HARQ feedback disable indication when a single TB is scheduled by the DCI. The same way of indication can be adopted for multi-TB scheduling as a common solution. 
Proposal 3: The same DCI indication for HARQ feedback enable/disable in single-TB scheduling is used for HARQ feedback enable/disable in multi-TB scheduling.
The same DCI indication can also be used for the HARQ feedback enable/disable overridden mechanism in multi-TB scheduling, just as in single-TB scheduling case. The open issue is whether the DCI indication applies to all scheduled TBs or a subset of scheduled TBs. Applying the same DCI indication to all scheduled TBs is a simple option with least specification impact and consistent with the agreed behavior of DCI-based direct indication. 
For example, when the DCI indicates “HARQ feedback enable”, the HARQ processes corresponding to all the scheduled TBs should be considered HARQ feedback enabled. If some of these processes are configured as HARQ feedback disabled by the bitmap, they are reversed by the DCI. When the DCI indicates “HARQ feedback disable”, the HARQ processes corresponding to all scheduled TBs should be considered HARQ feedback disabled. In this way, the DCI overridden mechanism will cause HARQ feedback to be reported for all scheduled TBs or no HARQ feedback reported at all, just as DCI direct indication will do. The complication from a mix of HARQ enabled and disabled processes in HARQ-ACK bundling, HARQ-ACK timing, and HARQ RTT timers for DRX in multi-TB scheduling can be avoided.
Proposal 4: For the DCI-based overridden mechanism in multi-TB scheduling, the DCI indication of HARQ feedback enable/disable applies to all the DCI scheduled TBs.  
We also need to consider the case of Option 1 (only semi-static per-HARQ bitmap is configured, but DCI-based indication is not) in multi-TB scheduling, because extensive specification changes are required if some HARQ processes of the scheduled TBs are feedback enabled and some are feedback disabled. A simple solution is to have HARQ feedback enabled or disabled for all the DCI scheduled TBs, following the same behavior of the DCI-based solutions. In this case, the HARQ feedback enable/disable decision can be based on the RRC (per-HARQ bitmap) configured HARQ feedback state of a scheduled TB, e.g., the bitmap state of the HARQ process corresponding to the first scheduled TB.
Proposal 5: When configured with per-HARQ bitmap for feedback enable/disable (Option 1) but not DCI-based override, HARQ feedback enable/disable for all the TBs scheduled by a single DCI is based on the bitmap indication for one of the scheduled TBs.
PDCCH monitoring
For DCI-based overridden mechanism, we have a working assumption regarding NB-IoT UE’s NPDCCH monitoring behavior:
	Working assumption 2 For Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the NBIoT UE does not wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH for the same HARQ process (or monitoring any NPDCCH for the case of single HARQ process configuration).


The UE behavior in this case, when a RRC configured HARQ feedback disabled process is reversed to feedback enabled, is not the same as either HARQ feedback enabled or HARQ feedback disabled. The assumption suggests the UE should start NPDCCH monitoring after HARQ-ACK transmission and 1ms UL-to-DL switch time. This NPDCCH monitoring timing is different from HARQ-feedback enabled case (RTT+3ms after sending HARQ-ACK) and from HARQ-feedback disabled case (12ms after receiving NPDSCH). The working assumption would create more scheduling opportunities for the UE when a feedback disabled HARQ process is dynamically enabled, but the network has to avoid scheduling in the time during HARQ-ACK transmission. The benefit of the UE’s “exceptional behavior” in WA2 is not clear.
Observation 4: NB-IoT UE’s NPDCCH monitoring behavior in WA2 is different from the HARQ feedback enabled case and from the HARQ feedback disabled case. Benefit of this exception in NPDCCH monitoring is not clear.
Proposal 6: Clarify the motivation and benefit of WA2 in the DCI-based overridden mechanism. 
We also think RAN1 should clarify about NPDCCH monitoring when a semi-statically HARQ feedback enabled process is reversed to feedback disabled. Should the UE wait for additional RTT+3ms after a 12ms delay for data decoding before monitoring NPDCCH for the same HARQ process? In our opinion, it makes little sense for waiting an additional RTT+3ms in this case since the purpose of disabling HARQ feedback is to overcome HARQ stalling and increase UE throughput.
Proposal 7: Clarify that WA2 does NOT imply that when a HARQ feedback enabled process indicated by the per-HARQ bitmap is reversed to HARQ feedback disabled by the DCI-based overridden mechanism, the NB-IoT UE waits for an additional RTT+3ms period before monitoring NPDCCH for the same process (other than the 12ms delay after receiving NPDCCH).
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.
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Figure 1. NDI out of sync due to DCI detection failure when HARQ feedback is disabled
Observation 5: 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.
Impact of this problem is more significant when the channel condition is poor since it is caused by the UE missing a PDCCH detection. In the NTN operating scenario, a sudden signal quality degradation may occur when the satellite is blocked by buildings or trees. In that case, the out-of-sync NDI may lead to a cluster of consecutive TB decoding failures. Given the sparse PDCCH monitoring for IoT NTN with power saving, a NDI based PDCCH error may have more impacts, within the short DRX on duration.
Observation 6: If not mitigated, the out-of-sync NDI may lead to a cluster of consecutive TB decoding failtures if the channel quality is suddenly degraded, especially in case with a large DRX period but a short DRX on duration for power saving.
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 for MCS selection.
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 . This 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 8: Consider using HARQ-ACK resource field for TB identifier indication to mitigate NDI out of sync when HARQ feedback is disabled.  
[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: The same DCI indication for HARQ feedback enable/disable status of the scheduled TB is used for Option A (per-HARQ bitmap with DCI overridden mechanism) and Option B (DCI direct indication).
Observation 2: Using a fixed state of DCI “HARQ-ACK resource” and “HARQ-ACK resource offset” fields to indicate HARQ feedback disable will reduce the network’s HARQ-ACK scheduling capacity.
Observation 3: Existing specifications and agreements are sufficient for DCI direct indication of HARQ feedback enable/disable in multi-TB scheduling.
Observation 4: NB-IoT UE’s NPDCCH monitoring behavior in WA2 is different from the HARQ feedback enabled case and from the HARQ feedback disabled case. Benefit of this exception in NPDCCH monitoring is not clear.
Observation 5: 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 6: If not mitigated, the out-of-sync NDI may lead to a cluster of consecutive TB decoding failtures if the channel quality is suddenly degraded, especially in case with a large DRX period but a short DRX on duration for power saving.
Proposal 1: The special state of DCI “HARQ-ACK resource” and “HARQ-ACK resource offset” fields for HARQ feedback disable indication should be configured as UE specific.
Proposal 2: Confirm RAN1#113 working assumptions related to DCI indication method for HARQ feedback enable/disable.
Proposal 3: 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 4: For the DCI-based overridden mechanism in multi-TB scheduling, the DCI indication of HARQ feedback enable/disable applies to all the DCI scheduled TBs.
Proposal 5: When configured with per-HARQ bitmap for feedback enable/disable (Option 1) but not DCI-based override, HARQ feedback enable/disable for all the TBs scheduled by a single DCI is based on the bitmap indication for one of the scheduled TBs.
Proposal 6: Clarify the motivation and benefit of WA2 in the DCI-based overridden mechanism.
Proposal 7: Clarify that WA2 does NOT imply that when a HARQ feedback enabled process indicated by the per-HARQ bitmap is reversed to HARQ feedback disabled by the DCI-based overridden mechanism, the NB-IoT UE waits for an additional RTT+3ms period before monitoring NPDCCH for the same process (other than the 12ms delay after receiving NPDCCH).
Proposal 8: Consider using HARQ-ACK resource field for TB identifier indication to mitigate NDI out of sync when HARQ feedback is disabled.
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