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1 Background
In RAN#94-e, the following objectives with RAN1 impact were included in the WID for eMTC/NB-IoT over NTN in Release 18:
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, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption [RAN1]

In RAN1#110, the following agreements were made, with regards to this agenda item:
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.

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

Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, at least the following UE behavior(s) can be considered:
· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 
· X =12
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12
Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes)
In this contribution, we provide our views on aspects related to disabling of HARQ feedback for IoT-NTN
2 Need for feedback disabled HARQ processes
In Table 1, we depict a scenario corresponding to a Set 1 GEO deployment, with a central beam centre DL SNR of  and a central beam edge DL SNR of . For our link-level evaluations, we use an AWGN channel, which is realistic in the line-of-sight settings that characterize GEO NTN networks. We note that, under this situation, an NPDCCH transmission with a  BLER requires , while an NPDSCH transmission, for a TBS of  bits , with 10% BLER requires . The RTD—for the case where the timing reference is at the ground station—is . In our analysis, we also account for the maximum delay in aligning with a NPDCCH search space (we assume ), when determining the overall NPDCCH duration, in Table 1.
Table 1: Downlink SNRs and required transmission durations in Set 1 GEO deployments.
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 including max. scheduling time
(1% BLER@, AWGN)
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(10% BLER@, AWGN,  bits)


	
	
	
	
	



In Table 2, we depict the throughput/latency penalty that is incurred, if we do not support any HARQ process with HARQ-ACK feedback disabled. The  and  values are taken from Table 1. In our calculations, we assume a  delay from NPDCCHNPDSCH, and the minimum value of the NPDSCHHARQ-ACK delay, i.e., , for a fair comparison. The timelines used for the calculations are depicted in Fig. 1 for a NB-IoT UE with a single HARQ process. 
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Figure 1: Scheduling timelines for a NB-IoT UE with a single HARQ process. The top figure depicts scheduling without feedback disabling, while the bottom figure depicts scheduling when feedback disabling is supported.
Further, for the case of  HARQ processes without feedback disabling, we assume that the 2nd TB can be transmitted within the RTD that starts after the HARQ ACK for the 1st TB is sent—this also ensures fairness, since the time taken to transmit  TBs without feedback disabling is the same as that taken to transmit  TB. 
In Table 2, we see the significant impact on throughput/latency due to the large RTD ( for 1 HARQ process, and  for 2 HARQ processes), when feedback disabling is not supported. In practice, due to the much inferior uplink budgets, the  value may be quite large, thereby exacerbating the impact further.
Table 2: Throughput/Latency penalty from not supporting feedback disabled HARQ processes.
	Number of HARQ processes

	HARQ Feedback Mode
	Time to transmit  TBs

	Throughput loss 
= Latency penalty (to transmit the same payload)

	1
	With disabling
	

	

	
	No disabling
	


	

	2
	With disabling
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	No disabling
	


	



Observation 1: For GEO Set 1 deployments, lack of feedback disabled HARQ process(es) results in a throughput/latency penalty of > 11x for UEs with one HARQ process and > 5.5x for UEs with two HARQ processes.
Further, for NB-IoT, currently there are only a maximum of 2 HARQ processes available. Keeping in mind that certain types of transmissions (e.g., MAC-CEs) will always need to have HARQ feedback enabled, we propose to increase the number of HARQ processes for NB-IoT over NTN to four (from two), to provide scheduling flexibility to the base-station so that HARQ stalling can be avoided, with the constraint that only up to two HARQ processes can have HARQ feedback enabled. This way, the soft-buffer requirements for NB-IoT UEs will not be impacted.
Proposal 1: RAN1 to support two additional feedback-disabled HARQ process for NB-IoT over NTN, resulting in a total of up to four HARQ processes.
· At most two out of these four HARQ processes will have HARQ feedback enabled, and the soft-buffer storage requirements for NB-IoT UEs will not be impacted.
3 Minimum gap between transmissions
For eMTC over NTN, analogous to the parameter ‘T_proc’ for NR over NTN, there needs to be a minimum time gap between successive PDSCH transmissions over the same feedback disabled HARQ process. For NB-IoT, a 12-millisecond gap for this purpose is already captured in the specifications, presumably in the context of feedback-less SC-PTM communications. 
Per usual eMTC processing timelines, we propose to introduce a gap of 4-milliseconds between successive PDSCH transmissions over the same HARQ process for eMTC over NTN.
Proposal 2: For eMTC over NTN, introduce a 4-millisecond gap between successive PDSCH transmissions over the same feedback disabled HARQ process.
For NB-IoT over NTN, the following options were enlisted towards the “minimum gap/monitoring restrictions” after reception of a feedback-disabled NPDSCH:
Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, at least the following UE behavior(s) can be considered:
· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 
· X =12
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12
Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes)
In out view, legacy NB-IoT behavior should be maintained, which corresponds to Option 2 above.
Proposal 3: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12

4 Impact to Multi-TB scheduling
Currently, for eMTC and NB-IoT, multi-TB scheduling assumes that all the TBs scheduled by a multi-TB DCI have HARQ feedback enabled. With the introduction of feedback-less HARQ processes into the mix (for NTN), RAN1 would need to revisit certain aspects related to multi-TB scheduling, such as how to transmit HARQ feedback for a multi-TB block where some TBs (or TB bundles) have feedback enabled, while some others have feedback disabled.
Proposal 4: RAN1 to discuss the impact of introducing feedback-less HARQ processes on multi-TB scheduling for eMTC and NB-IoT in the context of:
· A single DCI scheduling feedback-enabled and feedback-disabled TBs at the same time
· HARQ-ACK transmission timeline when feedback-enabled and feedback-disabled TBs are scheduled by the same DCI
· Determination of bundled HARQ ACK feedback when some TBs in a bundle have feedback enabled, while others have feedback disabled
5 Options for consideration from prior meeting agreements
The first set of agreements that we provide our views on in this Section are from 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.

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

Our preliminary view is that Option 1 above should be the default, following what has been specified in NR-NTN in Release 17. Other options are not strictly essential, but may be discussed, if time permits.
Proposal 5: For IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, the following option is considered as the default:
· Option 1: per HARQ process via UE specific RRC signaling

The second agreement that we provide views on regarding this agenda item, is from RAN1#109-e:
Agreement
For IoT NTN, further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission
· Issue A: SPS PDSCH
· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
· Issue C: HARQ feedback for scheduling multiple TB
· Issue D: HARQ bundling for eMTC HD-FDD
· Issue F: NPRACH capacity
· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
· Other issues are not excluded
Note: The “Issues” in common for eMTC and NB-IoT can be separately discussed.
Our views on these issues are listed below, in the following proposal:
Proposal 6: For IoT NTN, regarding the following potential issues due to enabling/disabling on HARQ feedback for downlink transmission, the viewpoints expressed herein are adopted
· Issue A: SPS PDSCH

· Viewpoint: NR-NTN solution may be adopted as the baseline.

· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction

· Viewpoint: For e-MTC, Proposal 3 in Section 3 of this document should be adopted. For NB-IoT, Proposal 4 in Section 3 of this document should be adopted.

Note that For NB-IoT, legacy specifications (Section 16.6 of TS 36.213, quoted below) are as follows:

“If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.”

· Issue C: HARQ feedback for scheduling multiple TB

· Viewpoint: This feature is unique to eMTC/NB-IoT over NTN (vis-à-vis NR-NTN), and as described in Section 4 of this document, needs handling, w.r.t co-existence of feedback-enabled and feedback-disabled HARQ processes that may be scheduled by a single DCI

· Issue D: HARQ bundling for eMTC HD-FDD

· Viewpoint: In Section 7.3.1 of TS 36.213, the following text is written:

“For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1.
- for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all [image: ] BL/CE DL subframes for which subframe n is the 'HARQ-ACK transmission subframe'.” 
Since a feedback-disabled HARQ process will set the ‘HARQ-ACK bundling flag’ in the corresponding DCI to 0, and there will be no ‘HARQ-ACK transmission subframe’, these HARQ processes will have no impact on the feedback bit to be generated. No change to the current specifications is required to handle this issue.

· Issue F: NPRACH capacity

· Viewpoint: This issue should be de-prioritized.

· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)

· Viewpoint: This issue is not related to feedback enabling/disabling and should be de-prioritized.

6 Conclusion
In this contribution we presented our views on enhancements to NB-IoT/eMTC over NTN as it relates to disabling of HARQ feedback. We summarize our proposals below.
Observation 1: For GEO Set 1 deployments, lack of feedback disabled HARQ process(es) results in a throughput/latency penalty of > 11x for UEs with one HARQ process and > 5.5x for UEs with two HARQ processes.
Proposal 1: RAN1 to support two additional feedback-disabled HARQ process for NB-IoT over NTN, resulting in a total of up to four HARQ processes.
· At most two out of these four HARQ processes will have HARQ feedback enabled, and the soft-buffer storage requirements for NB-IoT UEs will not be impacted.
Proposal 2: For eMTC over NTN, introduce a 4-millisecond gap between successive PDSCH transmissions over the same feedback disabled HARQ process.
Proposal 3: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12

Proposal 4: RAN1 to discuss the impact of introducing feedback-less HARQ processes on multi-TB scheduling for eMTC and NB-IoT in the context of:
· A single DCI scheduling feedback-enabled and feedback-disabled TBs at the same time
· HARQ-ACK transmission timeline when feedback-enabled and feedback-disabled TBs are scheduled by the same DCI
· Determination of bundled HARQ ACK feedback when some TBs in a bundle have feedback enabled, while others have feedback disabled
Proposal 5: For IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, the following option is considered as the default:
· Option 1: per HARQ process via UE specific RRC signaling

Proposal 6: For IoT NTN, regarding the following potential issues due to enabling/disabling on HARQ feedback for downlink transmission, the viewpoints expressed herein are adopted
· Issue A: SPS PDSCH

· Viewpoint: NR-NTN solution may be adopted as the baseline.

· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction

· Viewpoint: For e-MTC, Proposal 3 in Section 3 of this document should be adopted. For NB-IoT, Proposal 4 in Section 3 of this document should be adopted.

Note that For NB-IoT, legacy specifications (Section 16.6 of TS 36.213, quoted below) are as follows:

“If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.”

· Issue C: HARQ feedback for scheduling multiple TB

· Viewpoint: This feature is unique to eMTC/NB-IoT over NTN (vis-à-vis NR-NTN), and as described in Section 4 of this document, needs handling, w.r.t co-existence of feedback-enabled and feedback-disabled HARQ processes that may be scheduled by a single DCI

· Issue D: HARQ bundling for eMTC HD-FDD

· Viewpoint: In Section 7.3.1 of TS 36.213, the following text is written:

“For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1.
- for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all [image: ] BL/CE DL subframes for which subframe n is the 'HARQ-ACK transmission subframe'.” 
Since a feedback-disabled HARQ process will set the ‘HARQ-ACK bundling flag’ in the corresponding DCI to 0, and there will be no ‘HARQ-ACK transmission subframe’, these HARQ processes will have no impact on the feedback bit to be generated. No change to the current specifications is required to handle this issue.

· Issue F: NPRACH capacity

· Viewpoint: This issue should be de-prioritized.

· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)

· Viewpoint: This issue is not related to feedback enabling/disabling and should be de-prioritized.
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