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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
Agreements in RAN1#112 meeting regarding how to configure/indicate the enabling/disabling of HARQ feedback for IoT NTN are listed as follows [2]:
	Agreement
For DCI-based overridden mechanism/indication in single TB scheduled by DCI, down select one of the following alternatives based on the criteria DCI overhead, PDCCH monitoring/power consumption, HARQ timer, impact on scheduling flexibility, UE implementation complexity
· Alternative 1: applies to both semi-statically HARQ enabled and disabled processes
· Alternative 2: only applied to semi-statically HARQ disabled processes
· Alternative 3: only applied to semi-statically HARQ enabled processes

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.

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


The agreements adopt Option 3 (enabling/disabling HARQ feedback by DCI indication) for NB-IoT and eMTC CE mode B. In those cases, Option 3 can be configured in addition to Option 1 (semi-static per HARQ process bitmap), or independent of Option 1. If both Option 1 and Option 3 are configured, DCI indication can be used to override the semi-statical HARQ feedback configuration. One open issue is whether DCI override should be applied to semi-statically HARQ enabled processes, or semi-statically HARQ disabled processes, or both. In our view, enabling HARQ feedback for a semi-statically feedback-disabled process can be useful for 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. 
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.
It is also possible that only Option 3 is configured. In that case, enabling/disabling HARQ feedback for the scheduled TB is solely based on DCI indication. From implementation point of view, it would be beneficial to have the same DCI indications for HARQ feedback enabling/disabling with “Option 3 only” and with “Option 1 + Option 3” configurations. The implementation can be the same with these configurations if the DCI directly indicates “enable” or “disable” HARQ feedback. Direct indication is also simpler to implement than the “override indication” since looking up the semi-static HARQ feedback status of the HARQ process is not needed.
Proposal 2: The DCI indication in Option 3 directly indicates enabling or disabling of HARQ feedback for the scheduled TB.
To support Option 3, it is highly desirable not to increase DCI detection complexity at UE by introducing a new field. We think reusing existing fields should be considered first for HARQ feedback enabled/disabled indication.
Proposal 3: Reuse existing DCI fields for Option 3 HARQ feedback enabling/disabling indication. 
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. We see at least three possibilities of reusing existing DCI fields for HARQ feedback indication:
1. Use one bit from an existing field
One bit of a existing field, e.g., MCS or repetition number, is dedicated to HARQ feedback indication. This would reduce the number of values for that field by half, but given that radio links in NTN are expected to be LOS, a reduced range of MCS or repetitions can be acceptable, considering channel status will not change so large during a short-middle time e.g. several second. 
2. Use one value of HARQ-ACK resource field
One value of the HARQ-ACK resource field is used to indicate “disabling” of HARQ feedback, while the rest of values indicate “enabling” of HARQ feedback. This would reduce possible HARQ-ACK resource assignments by one, but this resource restriction can be mitigated if the special value for feedback disabling is configured per UE.
3. Use a condition set by existing fields
One or more fields can be used to set a condition for enabling or disabling HARQ feedback. For example, when MCS and repetition number are respectively in a certain range of values. This would restrict network flexibility of scheduling resources, but on the other hand, network can properly set the condition considering the most likely or least likely resource assignment when HARQ feedback is enabled or disabled.
[bookmark: _Hlk87092729]Proposal 4: Down-select one of the following options for reusing existing DCI fields for HARQ feedback enabling/disabling indication: 1) Use one bit from an existing field. 2) Use one value of HARQ-ACK resource field. 3) Use a condition set by existing fields.
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 1: 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 5: 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

HARQ feedback for SPS
The agreement in RAN1#112 regarding SPS activation and deactivation is as follows [2]. 
	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.

Conclusion
For DCI indicating SPS PDSCH release, HARQ-ACK report is performed as legacy in eMTC, regardless of HARQ feedback enabled/disabled configuration. 


The issues of HARQ feedback at SPS activation and deactivation have been resolved in the last meeting. During the SPS session, UE follows the per-process HARQ feedback enabled/disabled configuration for the associated HARQ process. We think that a small change in “per-process HARQ feedback enabled/disabled configuration” should be made to improve the efficiency of SPS operation in IoT NTN.
For feedback enabled HARQ processes in SPS, the retransmission of an erroneous TB has to be completed before the next SPS occasion for the same process. As illustrated in Figure 2 with 4 HARQ processes, the duration between two new data scheduling opportunities on the same HARQ process is T*NHARQ, with T being the SPS interval (semiPersistSchedIntervalDL) and NHARQ the number of SPS HARQ processes (numberOfConfSPS-Processes). The HARQ RTT for a retransmission includes the HARQ-ACK and PDSCH transmission time, processing delay, and round-trip propagation time. If HARQ RTT is greater than T*NHARQ, retransmission would be impossible and the resource for HARQ-ACK would be wasted. This situation is more likely for IoT NTN given the smaller number HARQ processes and a much longer RTT compared to the typical SPS operation in a terrestrial network.  
Observation 2: A short SPS interval and a small number of SPS HARQ processes may the HARQ retransmissions unable to complete in IoT NTN scenarios.
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Figure 2. Duration between two new data transmissions on the same HARQ process in SPS
The large retransmission delay in NTN may cause the network to disable HARQ feedback for VoIP and other delay sensitive services delivered over SPS transmissions. On the other hand, some limited HARQ feedback is needed for the network to know the transmission status and adjust MCS and repetitions and for MAC CE commands. For those lower latency data traffics, UL resource and UE power can be saved by reducing the feedback rate for a HARQ feedback-enabled process, for example, reporting one HARQ-ACK for every n TBs received. This can be done in the semi-static RRC configuration per HARQ process: a feedback rate of 0 for a feedback-disabled HARQ process and a feedback rate 1/n (where n≥1) for a feedback-enabled HARQ process. With a reduced feedback rate, short latency data transmission can be more efficiently supported with fewer HARQ processes in IoT NTN scenarios.
Proposal 6: Support RRC configuration for SPS HARQ feedback per HARQ process with feedback rate 0 (i.e., feedback disabled) or 1/n (i.e., one HARQ-ACK for every n received TBs). 

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). Possible fields for Option 3 HARQ feedback enabling/disabling indication such as MCS, repetition number, HARQ-ACK resource, have the same size as in single-TB scheduling. We think the same DCI indication by reusing existing fields can be applied to multi-TB scheduling to support Option 3 for CE mode B and NB-IoT.
Proposal 7: The same DCI indication with existing fields for HARQ feedback enabliling/disabling in Option 3 is used for single-TB scheduling and 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


When Option 3 is used in multi-TB scheduling, it may not be necessary to enable or disable HARQ feedback for all the scheduled TBs. For example, if there is only one MAC CE to be acknowledged when multiple TBs are scheduled in semi-statically HARQ feedback-disabled processes. For more efficient utilization of UL resources, it may be beneficial to configure only a subset of scheduled TBs (e.g., one TB) for HARQ feedback enabling/disabling by DCI indication.
Proposal 8: RAN1 should support enebling/disabling of HARQ feedback for a subset of TBs scheduled by one DCI in CE mode B and NB-IoT. 
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 9: 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 10: 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.
Potential issues due to HARQ feedback disabling
Based on the agreement in RAN1#112, only option 1 is supported in case only per-HARQ process bitmap signaling is configured. In this  case, the flexibility and fast changing of enabling/disabling feedback will be limited and can not satisfy the requirement on feedback, e.g. PRACH capacity and link adaptation.
[bookmark: _Hlk131712536]Observation 3: When only semi-static HARQ feedback enabling/disabling configured for UE with small number of HARQ process, there will be impact on NPRACH capacity and link adaptation.
Proposal 11: To avoid impact on NPRACH capacity and link adaptation, network should configure option 3-only or option 3 to override option 1 for HARQ feedback disabling in IoT NTN.
NPRACH capacity
For NB-IoT UEs, scheduling requests (SR) are either signaled in NPUSCH with HARQ-ACK (configured by sr-with-HARQ-ACK-Config) or indicated via NPRACH (configured by sr-WithoutHARQ-ACK-Config). When HARQ feedback is disabled, SR will have to rely on NPRACH and the capacity of NPRACH may become an issue. 
As indicated in [7], the required NPRACH capacity to support SR can be high if a large repetition is used. For example, with 64 repetitions, NPRACH used by SR would take up 46% of UL resource, and this UL resource occupancy would go up to 96.5% if the NPRACH repetition is 128. The calculation in [7] takes mobile autonomous reporting (MAR) traffic model as the example. For the traffic mode with more frequent data arrival, the required PRACH resources may be even higher if SR can only be signalled through NPRACH. 
Observation 4: When SR is only indicated by NPRACH in some cases , the required NPRACH capacity may be very high for a NTN cell.
As above agreements on the signalling of HARQ feedback disabling, option1 only (RRC-based signalling) , option3 only (DCI-based signalling) or option 3 to override Option 1 are supported. If DCI-based signalling is used, the eNB can determine to enable the HARQ feedback for UE to piggyback SR together with ACK/NACK considering load status of PRACH and other factors such as link adaption performance, HARQ stalling etc., which can alleviate NPRACH capacity starvation in some case. However, if only RRC-based signalling is used, NPRACH capacity for SR transmission may be still highly impacted in NB-IoT when HARQ feedback disabling is configured, where some enhanced solutions should be considered, e.g. the network can still allocate the NPUSCH format 2 resources for SR transmission when HARQ feedback disabling is configured through RRC signalling by the eNB. The UE can transmit SR together with ACK/NACK in the allocated NPUSCH resources, which not only reduce the load requirement on PRACH as well as be helpful for good link adaptation.
[bookmark: _Hlk131712579]Observation 5: If HARQ feedback disabling is indicated only through RRC signalling, NPRACH capacity for SR transmission may be still highly impacted in NB-IoT.
Proposal 12: When HARQ feedback is disabled only through RRC signalling, RAN1 should study the solution to alleviate NPRACH capacity requirement for SR transmission. 
Link adaptation
As one important effect, HARQ feedback is also used to correct misaligned MCS and adapt to channel condition changes, in the entire link along the time. If feedback is disabled in HARQ processes e.g. through RRC singaling for UE with small number of HARQ processes, the eNB will lose the feedback information required for link adaptation, resulting a degraded performance. Then from eNB side, to guarantee an acceptable BLER, eNB has to select a unnecessary conservative high repetitition number or a conservative lowe MCS level. The impact may be different for different fluctuation of the channel. But considering the coverage limitation of the IoT NTN, the performance may be unacceptable when link adaptation is impacted/disabled, as shown in Figure 3. Considering the conservative high repetition number, when mitigating the impact on performance, it should be considered how to have effective feedback meanwhile avoiding HARQ stalling. It should be further discussed how to guarantee a workable link adaptation. This is requested especially for NB-IoT UE with 1 or 2 HARQ processes, where the feedback information will be significantly reduced when HARQ feedback disabling is utilized.
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Figure 3 Reduction of system resource utilization effiency because of unnecessary repetition number increasing.
Observation 6: When only with semi-static HARQ feedback enabling/disabling, disabling HARQ feedback may adversely impact the link adaptation operation for NB-IoT and eMTC, resulting in degraded/unacceptable performance.
Proposal 13: RAN1 should discuss how to guarantee a workable link adaptation meanwhile avoiding HARQ stalling when HARQ feedback disabling is utilized, especially when only semi-static enabling/disabling is used.
An additional concern, when HARQ feedback is disabled is how RAN4 will define the demodulation performance test cases. If the UE is not providing any feedback, because it is disabled for all the UE’s HARQ processes, the test is unable to evaluate the demodulation capability of the UE. This issue could benefit from clarification and therefore it is proposed to send a LS to RAN4 and ask about the options.
[bookmark: _Hlk131712368]Proposal 14: RAN1 to send an LS to RAN4 to ask about the capability for demodulation performance test if the UE does not have HARQ feedback configured in some cases.
To maintain a satisfactory link performance, some long-term feedback can be considered. For instance, bundling of HARQ ACK/NACK for a certain number of transmissions, or indication of BLER exceeding a desired threshold. Such approaches will limit the signaling overhead, but still provide some information for the base station to perform link adaptation. 
[bookmark: _Hlk131712390]Proposal 15: When HARQ feedback is disabled e.g. only by semi-static configuration, alternative long-term feedback or other feedback scheme not causing HARQ stalling should be considered to facilitate link adapation for NB-IoT/eMTC in NTN. 
[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: 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 2: A short SPS interval and a small number of SPS HARQ processes may the HARQ retransmissions unable to complete in IoT NTN scenarios.
Observation 3: When only semi-static HARQ feedback enabling/disabling configured for UE with small number of HARQ process, there will be impact on NPRACH capacity and link adaptation.
Observation 4: When SR is only indicated by NPRACH in some cases , the required NPRACH capacity may be very high for a NTN cell.
Observation 5: If HARQ feedback disabling is indicated only through RRC signalling, NPRACH capacity for SR transmission may be still highly impacted in NB-IoT.
Observation 6: When only with semi-static HARQ feedback enabling/disabling, disabling HARQ feedback may adversely impact the link adaptation operation for NB-IoT and eMTC, resulting in degraded/unacceptable performance.

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.
Proposal 2: The DCI indication in Option 3 directly indicates enabling or disabling of HARQ feedback for the scheduled TB.
Proposal 3: Reuse existing DCI fields for Option 3 HARQ feedback enabling/disabling indication. 
Proposal 4: Down-select one of the following options for reusing existing DCI fields for HARQ feedback enabling/disabling indication: 1) Use one bit from an existing field. 2) Use one value of HARQ-ACK resource field. 3) Use a condition set by existing fields.
Proposal 5: Evaluate the impact of NDI out of sync due to DCI detection failure when HARQ feedback is disabled and study possible solutions.
Proposal 6: Support RRC configuration for SPS HARQ feedback per HARQ process with feedback rate 0 (i.e., feedback disabled) or 1/n (i.e., one HARQ-ACK for every n received TBs). 
Proposal 7: The same DCI indication with existing fields for HARQ feedback enabliling/disabling in Option 3 is used for single-TB scheduling and multi-TB scheduling. 
Proposal 8: RAN1 should support enebling/disabling of HARQ feedback for a subset of TBs scheduled by one DCI in CE mode B and NB-IoT. 
Proposal 9: 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 10: 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.
Proposal 11: To avoid impact on NPRACH capacity and link adaptation, network should configure option 3-only or option 3 to override option 1 for HARQ feedback disabling in IoT NTN.
Proposal 12: When HARQ feedback is disabled only through RRC signalling, RAN1 should study the solution to alleviate NPRACH capacity requirement for SR transmission. 
Proposal 13: RAN1 should discuss how to guarantee a workable link adaptation meanwhile avoiding HARQ stalling when HARQ feedback disabling is utilized, especially when only semi-static enabling/disabling is used.
Proposal 14: RAN1 to send an LS to RAN4 to ask about the capability for demodulation performance test if the UE does not have HARQ feedback configured in some cases.
Proposal 15: When HARQ feedback is disabled e.g. only by semi-static configuration, alternative long-term feedback or other feedback scheme not causing HARQ stalling should be considered to facilitate link adapation for NB-IoT/eMTC in NTN. 
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