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1 Introduction
In the RAN WG1 meeting RAN1#109-e, agenda item 9.12.2 addresses the disablement of HARQ feedback for IoT NTN scenarios where the existing agreements for HARQ feedback may cause a sacrifice of the available performance. 
As is well known, there was consideration for the disablement of HARQ feedback in 2019, and 2020. The potential for disabling HARQ feedback has more recently been considered for a Rel-18 topic.
At the RAN#86 (Dec, 2019) meeting in Sitges, Spain, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” was agreed, at which time the following HARQ enhancements were considered for investigation,
· HARQ
· Number of HARQ processes [RAN1]
· Enabling / disabling of HARQ feedback as described in TR 38.821 [RAN1 / 2]
RAN1#97 HARQ Agreements

7.2.5.4	More delay-tolerant re-transmission mechanisms
· Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.
· Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· HARQ soft buffer size

RAN#104-e HARQ Agreements
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT.
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for eMTC.

· Further study to identify whether HARQ stalling happens at least in the GEO satellite scenario.

· Further discuss the potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT and eMTC, and consider at least the following number of HARQ processes for the analysis
· NB-IoT: 
· Total: 2, disabled: {1,2}
· eMTC:
· Total: 2, disabled: {1,2}
· Total: 8, disabled: {1,2,7,8}
· Other values for number of HARQ processes below the maximum value can be discussed
· FFS: whether to consider separately LEO and GEO scenarios
· FFS: whether to allow disabling of HARQ feedback in case of single HARQ process
· FFS: whether to allow disabling of all HARQ feedback
· FFS: other details for the evaluation/analysis

RAN2#107 Agreement
· It should be possible to semi-statically enable/disable HARQ feedback by RRC signaling
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis via RRC signalling

RAN1#98 Conclusion 
· RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision above.
· The enabling / disabling of HARQ feedback should be configurable on a per HARQ process basis

For the RAN1#98 meeting the following the observation in RAN2#107 on dynamic HARQ disabling, it was decided that RAN 1 does not need to further discuss dynamic disabling of HARQ. 

RAN1#105-e HARQ Feedback Agreement
· Confirm the previous working assumption for  X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.
RAN1#105-e HARQ Feedback
· It may be noted that in RAN1#105-e there was no consensus on disabling HARQ feedback for IoT NTN in Rel-17. 
RAN1#106-e HARQ Agreements
· For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, one of following options should be supported:
· Option-1: The UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH
· Option-2: The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH
· FFS: Other cases, e.g., if only DCI carrying feedback-disabled HARQ process is detected by UE

· For enhancement on the HARQ process indication, one of following options for DCI 0-0/1-0 can be considered:
· Option 2: Reusing one bit from other bit field
· Option 4: No enhancement

· For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, one of following options should be supported:
· Option-1: The UE’s behaviour is same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE
· Option-2: The UE should skip the codebook feedback at least when the feedback is carried by PUCCH
· FFS: the case that feedback is carried by PUSCH. 

· For the DCI of PDSCH with feedback-disabled HARQ processes, only one of following is supported for Type-2 codebook:
· Option-1: The C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented, and are taken into account by the UE for type 2 codebook generation.
· Option-2: The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.

RAN1#107-e HARQ Agreement,
· For Type-3 HARQ codebook in NTN, the UE should skip the codebook feedback for a feedback-disabled HARQ processes.
Note: The Type-3 codebook size is reduced by excluding the bit positions of disabled HARQ processes.
· HARQ feedback for SPS activation may be additionally enabled by the network by RRC configuration.
· If enabled, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of whether HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation
· Otherwise, UE follows configuration of HARQ feedback enabled/disabled corresponding to the first SPS PDSCH after activation, 
· FFS between Alt1 and Alt2
· [Alt-1: UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process
· Alt-2: UE follows the feedback-enabled/disabled configuration of the SPS PDSCH]

RAN1#109-e HARQ IoT NTN Agreements,
For IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, one or more of the following options can be considered:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)
· Option 5: per HARQ process via MAC CE
· Other options or combinations are not excluded
Note: Option(s) for eMTC and NBIoT can be separately discussed.
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.
In this contribution, we share our observations of the performance for the disablement of HARQ feedback for eMBB, eMTC, and IoT NTN.
2 HARQ in IoT NTN
The issue of disablement of HARQ feedback has been discussed since the original introduction of NTN in 3GPP NR. For example in RAN1#97 (Aug, 2019) there are the following agreements mentioned in the introduction, 

The general consensus from the agreements on HARQ in Release 17 is that Network disabling of HARQ via RRC configuration should be supported. 

As we noted the following conclusions and observations in our previous contribution [7]. 

While the issue of disablement of HARQ feedback was discussed, it was noted a further study of the  benefits and/or drawbacks of disabling HARQ feedback was considered, during RAN2#107 it was decided that only per process disablement of a HARQ process would be considered. For the RAN2#107 agreement to only consider a per process disablement of HARQ feedback, it was noted that a number of issues still needed to be addressed. Some of the agreements to address issues caused by per process disablement of HARQ feedback are reflected in the agreements given in the introduction.
Observation 1: Per-process HARQ-feedback disablement is agreed to for NR-NTN; HARQ-feedback-disablement for NR-NTN is not agreed.

For, IoT NTN, no agreement has been reached for HARQ-feedback-disablement for Rel-18. Note that IoT NTN may only have a single HARQ-process. From the NR-NTN studies, it is logical that disablement of HARQ-feedback would also be beneficial for IoT NTN.

In addition to the agreements noted for RAN1#104e there were the following FFS considerations at the time,
1) FFS: whether to consider separately LEO and GEO scenarios
2) FFS: whether to allow disabling of HARQ feedback in case of single HARQ process
3) FFS: whether to allow disabling of all HARQ feedback

Subsequently it was decided not to treat LEO and GEO separately for per process HARQ disablement in either NTN-NR or IoT NTN. We are revisiting this question for Rel-18 IoT NTN.
As noted in the introduction in the RAN2#107 meeting it was agreed that it should be possible to semi-statically enable/disable HARQ feedback by RRC signaling. This same mechanism may be supported for the disablement of HARQ feedback in IoT NTN.
Observation 2: It should be possible to semi-statically enable/disable HARQ feedback by RRC signaling.
As the consideration for disablement of HARQ feedback is due in part to the significant RTD for the 1200 kmLEOand GEO satellite, it may be a consideration to only support the disablement of HARQ feedback for GEO due to it significantly larger RTD (See Table 3).  The performance of disablement of HARQ feedback for GEO was considered in [3] for Ka band.  In this TDoc, they observed that GEO is dominated by a LOS channel, and the performance loss for a NLOS channel was significant. Therefore, it can be observed that the disablement of HARQ feedback is mainly beneficial for GEO scenarios, with LOS channels.  Also as noted in [3] the target BLER for CQI feedback may need to be investigated if HARQ disablement for GEO is supported for IoT NTN.

Observation 3: The disablement of HARQ feedback is mainly beneficial for GEO scenarios.

The assessment of whether to support disabling of HARQ feedback for IoT NTN would not be complete without noting that there was no consensus for this in RAN1#105-e.  While some of the consensus for this decision is noted in [6], we still feel that the disabling of HARQ feedback for IoT NTN is warranted for a GEO scenario. As noted in [5] there is the potential for a significant loss in throughput without the support of the disabling of HARQ feedback for IoT NTN. As a compromise [5] suggested the support of disabling of HARQ feedback for a single process for IoT NTN.
Given these observations we have considered the performance for Set 1 [8] GEO and LEO scenarios. 
The simulation results presented in this section consider the parameters provided in Tables 1, 2, and 3 for the configuration, channel model, and orbital parameters respectively.
Table 1 Parameters for the Simulations that are Considered
	Parameter
	Value
	Notes

	GEO, LEO
	Set 1
	

	Band
	S-Band
	

	Maximum Doppler Shift for LEO
	Scenerio C2/D2: 
600 km: 24 ppm
	

	Bandwidth
	10 MHz
	This may be typical of two CAT M2 eMTC devices, or an eMBB connection. 

	SCS
	15 kHz
	

	Channel Model
	NTN TDL-C
	

	Channel and Timing Estimation
	Assumed Ideal
	

	HARQ # Processes
	0, and 32
	

	Delay
	Implicitly modeled for GEO and LEO
	For LEO the minimum latency is 8 ms for a transparent satellite at 600 km altitude
For GEO the RTD delay is 537.6 ms




Table 2  NTN TDL-C (38.811 Table 6.9.2-3)
	Tap #
	Normalized Delay
	Power [dB]
	Fading Dist.

	1
	0
	-0.394
	LOS path

	1
	0
	-10.618
	Rayleigh

	2
	14.813
	-23.373
	Raileigh





Table 3  Orbital Parameters
[image: ]
Notes:
1. Elevation angle from Thales R1-2204545
2. Assumes 15 kHz SCS → 1 ms process duration

In the following we consider the throughput (TP) for5G NR PDSCH eMBB, with or without HARQ feedback using 32 HARQ processes. 

Table 4 MCS 3 (QPSK) with and without HARQ for LEO          Table 5 MCS 8 (QPSK) with and without HARQ for LEO
	[image: ]
	[image: ]


From Table 4 and Table 5 it can be seen that for the LEO scenario the use of HARQ is beneficial to the performance. If one considers the 30% fractional TP, it can be seen that HARQ improves the performance relative to no HARQ by 3 dB and 4 dB respectively for QPSK.  
Table 6 provides the performance without HARQ for a Set 1 [8] GEO scenario described in Tables 1 and 3. Note that for the scenario the RTD delay is approximately 538 ms, with this delay a scenario using HARQ would result in no throughput, consequently we do not consider it. These results are applicable for either eMBB, or eMTC.
Table 6 Comparison of MCS 3, 8, 13, 18  without HARQ
[image: ]
The downlink SNRs required for a Set 1 GEO deployment can be observed from Table 6, where the required beam-centre SNR for a 30% fractional TP ranges from -3 dB for MCS 3 to +13 dB for MCS 18.  

Observation 4: If the maximum number of HARQ processes is greater than four RTTs, accounting for the round-trip delay including feedback, HARQ improves throughput for lower SNR values.

The conclusion is that if the maximum number of HARQ processes is greater than four RTTs, HARQ provides a performance improvement. Otherwise, the process will stall, and throughput will be reduced to zero. The current release of the standards (R17) supports a maximum number of processes of 32. This is sufficient to support LEO 600 km or 1200 km.

However, GEO can only be supported with HARQ disabled.

Proposal: 
HARQ disablement should be supported. 

3 Conclusions
In this contribution, we shared our observations and considerations for disablement of HARQ feedback for IoT NTN. 
Observation 1: Per-process HARQ-feedback disablement is agreed to for NR-NTN; HARQ-feedback-disablement for NR-NTN is not agreed.

Observation 2: It should be possible to semi-statically enable/disable HARQ feedback by RRC signaling.
Observation 3: The disablement of HARQ feedback is mainly beneficial for GEO scenarios.

Observation 4: As long as the maximum number of HARQ processes is greater than four RTTs, accounting for the round trip delay including feedback, HARQ provides a performance improvement.

GEO can only be supported with HARQ disabled.
Proposal: 
The disablement of HARQ should be supported. 
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m Altitude (km) Elev Angle (°) Distance (km)! | Prop Delay (ms)
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