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Introduction
This contribution considers remaining HARQ aspects for NTN. 

HARQ-ACK Reporting
Several reasons have been mentioned for having HARQs with disabled HARQ-ACK reports. Latency of HARQ-ACK reports due to the large propagation delay is a frequent one but a UE only cares about out-of-order scheduling events and does not care how long it takes for a PUCCH to reach the NTN. A same HARQ process can be used for scheduling before the NTN receives HARQ-ACK for a previous TB using the HARQ process, it is irrelevant to UE operation whether the NTN received the PUCCH before another TB is scheduled for the HARQ process, and reception of a HARQ-ACK report would be preferable for the NTN over disabling it, for example because it would allow open-loop link adaptation (OLLA). 

UE power savings is another frequently mentioned reason but UE power savings from disabling HARQ-ACK for some HARQ processes are minimal especially for Rel-17 NTN with single-cell operation where the HARQ-ACK payload, even for the most aggressive UL-DL configurations, is very small compared to even the smallest TBS. As part of the total UE power consumption, UE power savings due to reducing HARQ-ACK payload by a few bits are rather negligible.

In our opinion, a main benefit for disabling HARQ-ACK reports relates to UE buffer management for supporting up to 32 HARQ processes without increasing the size of the UE buffer. Then, the UE does not need to keep in its buffer the LLRs for incorrectly decoded TBs that are associated with HARQ processes having disabled HARQ-ACK reports. However, it is not clear whether a UE should support DCI-based retransmissions for TBs that the UE does not provide HARQ-ACK reports for the respective initial transmissions. Even if such TB retransmissions are to be allowed despite the NTN not knowing the decoding outcomes, it is not clear whether the UE should be expected to perform LLR combining. It is preferable that at least a UE is allowed to not store LLRs for TBs that the UE incorrectly decoded and did not provide respective HARQ-ACK reports.  
 
Proposal 1: RAN1 to conclude whether a UE should support DCI-based retransmissions for TBs with disabled HARQ-ACK reports. If such retransmissions are to be supported, the UE behavior regarding LLR combining is up to UE implementation. 

Type-1 HARQ-ACK codebook
For the Type-1 HARQ-ACK CB, the following was agreed in RAN1#106 when HARQ-ACK reports for some HARQ processes are disabled [1].

	Agreement:
· 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 



Option-1 is preferred because:
a) Option-2 is not meaningful as there is no reason for the NTN to configure a UE with Type-1 HARQ-ACK CB and to disable HARQ-ACK reports for some HARQ processes – the UE behavior would be same as when all HARQ processes have enabled HARQ-ACK reports.
b) Option-1 enables simpler UE buffer management when the number of HARQ processes is larger than 16.
c) Option-2 has equivalently been agreed for the Type-2 HARQ-ACK CB and a common UE behavior is preferable. 

Proposal 2: A UE configured Type-1 HARQ-ACK codebook reports NACK/DTX values for decoding outcomes of TBs associated with HARQ processes with disabled HARQ-ACK reports. The UE does not transmit a PUCCH with a Type-1 codebook when the UE receives only TBs for HARQ processes with disabled HARQ-ACK reports.   

The following was also agreed in RAN1#106 when HARQ-ACK reports for some HARQ processes are disabled [1].

	Agreement:
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 behavior 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. 



Option-2 is preferred. A UE should not transmit PUCCH with Type-1 HARQ-ACK CB when the UE is configured to not report HARQ-ACK for all TBs the UE received. If there were additional TBs with enabled HARQ-ACK that the UE did not receive (UE failed to detect corresponding DCI formats), the effect is same if the UE provides a Type-1 HARQ-ACK CB with NACK/DTX values for those TBs or if the NTN determines DTX for the PUCCH (the same holds when the UE does not correctly decode any TB with enabled HARQ process but there is no need for marginal optimizations without practical impact). If the Type-1 HARQ-ACK CB is to be multiplexed in a PUSCH, the UE follows the indication of the UL DAI as in Rel-16. For a CG-PUSCH, the UE behavior is as for multiplexing in the PUCCH and the UE does not multiplex a Type-1 HARQ-ACK CB in the CG-PUSCH (Rel-16 UE behavior when the UE does not transmit a PUCCH).  

Proposal 3: A UE does not transmit a PUCCH with a Type-1 HARQ-ACK codebook when the UE receives only TBs for HARQ processes with disabled HARQ-ACK reports. Rel-16 applies for the UE behavior when a Type-1 HARQ-ACK codebook is to be multiplexed in a PUSCH. 

Type-2 HARQ-ACK codebook
For the Type-2 HARQ-ACK CB, the following was agreed in RAN1#106 when HARQ-ACK reports for some HARQ processes are disabled [1].

	Agreement:
For 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 UE regardless of the value for Type 2 codebook generation.



Option-2 is preferred and there is no need for any agreement. The reason is that Option-1 has specification impact and requires changes in the UE/gNB implementation for the Type-2 HARQ-ACK codebook construction/reception without offering any benefit because (a) an NTN operation cannot rely on the conditions required by Option-1 to always occur and (b) an impact of Option-1 on DL throughput is practically zero as the probability of Option-1 offering any benefit is well below a typical BLER for the Type-2 HARQ-ACK codebook decoding. 

As an additional note, Rel-17 NTN is for single-cell operation (this also makes any discussion for T-DAI unnecessary) and will use FDD (primarily the 2 GHz band). That also makes any optimization/modification to HARQ-ACK codebooks unnecessary as there may be only coverage loss and latency increase without any UE power savings if the UE reports HARQ-ACK in a form of a codebook instead of individual HARQ-ACK bits because any coding gains from a codebook are zero or marginal when reporting few HARQ-ACK bits in a codebook vs. when reporting individual HARQ-ACK bits.
  
Observation 1: For a DCI format scheduling a TB for a HARQ process with disabled HARQ-ACK, there is no need for any agreement on the UE behavior for fields associated with HARQ-ACK codebook construction or PUCCH (Option-2).

Type-3 HARQ-ACK codebook
If any enhancements are pursued for the optional Type-3 HARQ-ACK CB, it should not include HARQ-ACK bits for HARQ processes with disabled HARQ-ACK reports – the reasons are same as for the Type-1 codebook (no reason to configure a Type-3 HARQ-ACK CB when also configuring HARQ processes with disabled, have same UE behavior as for the other HARQ-ACK CBs, facilitate HARQ buffer management at the UE).

Proposal 4: A Type-3 HARQ-ACK codebook does not include HARQ-ACK reports for HARQ processes with disabled HARQ-ACK reports. 


Out of Order Scheduling
In Rel-16, a UE does not expect to receive a first PDCCH indicating a first PUCCH transmission with HARQ-ACK in a first slot and a second PDCCH, after the first PDCCH, indicating a second PUCCH transmission with HARQ-ACK in a second slot that is before the first slot. The Rel-16 “out-of-order” scheduling does not apply when a PDCCH is associated with a HARQ process having disabled HARQ-ACK report as there is no indication of a PUCCH transmission with HARQ-ACK (if PUCCH is transmitted, it would be due to another PDCCH associated with a HARQ process with enabled HARQ-ACK report – that is the case for any HARQ-ACK CB type). Therefore, nothing needs to be specified for “out-of-order” scheduling with respect to PDCCHs associated with HARQ processes with disabled HARQ-ACK reports. Only the PDSCH processing timeline constraint for  is necessary.  

Observation 2: There is no need to consider any new support for “out of order” scheduling for PDCCH receptions associated with HARQ processes having disabled HARQ-ACK reports.


SPS PDSCH
For SPS PDSCH, the following proposal was discussed in RAN1#106-e without conclusion. It is noted that Option-2 is the current agreement. It was suggested that some may had understood that the agreement was applicable only for DG PDSCH (although there is nothing to suggest so). Even if that was the case, there is no reason to have different treatment of DG PDSCH and SPS PDSCH. For both DG PDSCH and SPS PDSCH (for a given configuration), the HARQ process used at a given slot can have either HARQ-ACK enabled or disabled. For the UE soft buffer management, the important aspect is whether a HARQ process has HARQ-ACK enabled or disabled. It would also be counterproductive to always have enabled HARQ-ACK or to have HARQ-ACK enabling/disabling per SPS configuration as that practically cancels possible benefits from having HARQ-ACK enabled/disabled per HARQ process for DG PDSCH. Similar, for HARQ-ACK reports for SPS PDSCH in HARQ-ACK codebooks (basically for the Type-2 one), the UE behavior should be same as for DG PDSCH and the UE reports HARQ-ACK only for HARQ processes with enabled HARQ-ACK. 

[Updated Initial Proposal 2-5-a] 
For SPS PDSCH, one of following should be supported:
· Option-1: All HARQ process associated to SPS PDSCH should be feedback-enabled
· Option-2: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per HARQ process.
· Option-3: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.

Observation 3: No new agreement is needed for HARQ processes with HARQ-ACK reports for SPS PDSCH (Option-2). Same UE behavior applies for HARQ-ACK reports for SPS PDSCH and for DG PDSCH in a HARQ-ACK codebook.  


DCI formats
The following was agreed in RAN1#106 for HPN indication when a UE is configured more than 16 HARQ processes [1]. 

	Agreement:
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



Option 4 is preferred as there is no reason why 16 HARQ processes are not (more than) sufficient for fallback operation associated with DCI formats 0_0/1_0.

Observation 4: There is no need to support more than 16 HARQ processes by DCI formats 0_0/1_0 (“Option 4”).

One other issue is whether to keep redundant fields in a DCI format 1_1 associated with a HARQ process with disabled HARQ-ACK. Redundant fields are the ones associated with PUCCH transmission or with Type-2 HARQ-ACK codebook determination and include the PRI, PUSCH-to-HARQ_feedback timing, and counter DAI (for Type-2 HARQ-ACK CB) fields for a total of 6-8 bits. The TPC command field is also unnecessary but it can be kept to avoid unnecessary padding bits in DCI format 1_1 (as is next shown). For example, if all HARQ processes are configured without HARQ-ACK reports, it is pointless to keep fields in DCI format 1_1 that are associated with HARQ-ACK reports. The benefit in DCI overhead savings gradually decreases as the number of HARQ processes with disabled HARQ-ACK reports increases.

Considering the NTN is unlikely to support 2 TBs in a PDSCH, DCI format 1_1 with size reduced by 6-8 bits has smaller size than DCI format 0_1 by 1-2 bits leading to an overhead reduction of 5-6 bits or ~8%-9%, resulting to ~0.4/0.3/0.3 dB in BLER/coverage gain for AL of 2/4/8 CCEs [2] when DCI format 1_1 is size matched to DCI format 0_1. Table 1 summarizes the mandatory fields in DCI format 0_1 and DCI format 1_1 for a HARQ process with disabled HARQ-ACK report when redundant fields are removed (a BW of 20 MHz and 15 kHz SCS for operation at 2 GHz are assumed although that does not affect conclusions). It is noted that there is no DCI format ambiguity as an identifier flag exists. Also, there is no increase in the number of PDCCH blind decoding operations as DCI formats 0_1/1_1 are always in a same search space set (and, anyway, DCI format 1_1 for a HARQ process with disabled HARQ-ACK is size-matched to DCI format 1_0). Basically, 5-6 bits can be saved from DCI format 1_1 without any problem by not including bits that have no purpose when HARQ-ACK is disabled. 

Table 1: Mandatory fields for DCI format 0_1 and DCI format 1_1 for HARQ process with disabled HARQ-ACK
	Fields
	DCI format 0_1
	DCI format 1_1

	Identifier for DCI format
	1
	1

	FDRA
	14
	14

	TDRA
	4
	4

	VRB-to-PRB mapping or FH flag
	1
	1

	MCS 
	5
	5

	NDI
	1
	1

	RV
	2
	2

	HPN 
	5
	5

	DAI
	1 or 2
	0

	TPC command for PUCCH/PUSCH
	2
	2

	PUCCH resource indicator
	-
	0

	PDSCH-to-HARQ feedback timing indicator
	-
	0

	CRC
	24
	24



Proposal 5: A DCI format 1_1 for a HARQ process with disabled HARQ-ACK does not include the PRI, PUSCH-to-HARQ_feedback timing and counter DAI and is size matched to DCI format 0_1.


Coverage Enhancements
The following was agreed in RAN1#106 for PDSCH coverage enhancements [1]. 

	Agreement:
The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is [X]
· FFS: X = 8, 16 or 32



Based on the evaluations from the Rel-17 SI/WI on coverage enhancements (CE), the link budget is limited on the UL and CE over Rel-16 are specified for the PUSCH and the PUCCH. PRACH and PDCCH were also candidates for CE while no need for CE was identified for the PDSCH. As the only difference in NTN is the larger propagation loss, the link budget based on Rel-17 CE would be balanced in the DL and the UL with PDCCH still having somewhat worse coverage than PDSCH. Further CE are likely required for NTN but it is not meaningful to consider the PDSCH as it remains the channel that is least coverage limited. 
 
Observation 5: PDSCH is the channel with best coverage and it is not meaningful to enhance PDSCH coverage without enhancing coverage for other channels in NTN. General coverage enhancements for NTN can be part of a Rel-18 SI/WI. 


UE Capability Aspects
For the DL, a gNB can configure a UE up to 32 HARQ processes. For the UL, a gNB can configure a UE more than 16 HARQ processes if the UE indicates a corresponding capability. The number of HARQ processes and the maximum TBS should be jointly considered to minimize the impact on UE soft buffer size that depends on the number of HARQ processes, the maximum TBS, and the coding rate. The following two options can be considered. 

Option 1: A gNB informs a maximum TBS. Based on the maximum TBS, a UE determines a maximum number of HARQ processes the UE can support and reports it as a UE capability to the gNB. The configuration of the maximum TBS is up to the gNB, for example based on the link quality on the cell or based on the link quality for the UE. Typically, an NTN will not be able to support high-order modulation and large TBS. Therefore, there will be practical impact on maximum achievable data rate by configuring a maximum TBS while the benefit from a larger number of HARQ processes will be obtained without impact on UE implementation complexity. 

Option 2: A UE reports a number of HARQ processes the UE can support as a UE capability for a combination of UE capabilities. For example, the UE can report that it can support a maximum of 16 HARQ processes without a maximum TBS constraint, or a maximum of 32 HARQ processes with reduced maximum TBS, or a maximum of 32 HARQ processes without a maximum TBS constraint. That would enable a UE with limited soft buffer size to be scheduled with more than 16 HARQ processes under the maximum TBS constraint and applicability of NTN deployments will expand while avoiding additional UE complexity/cost. Considering that the NTN link quality will typically not support large TBS, UEs will be able to support NTN with a larger number of HARQ processes and without an impact on UE soft buffer size. 

[bookmark: _Ref71294267]Proposal 6: To enable up to 32 HARQ processes without increasing the soft buffer size, support one of the following: 
· Option 1. gNB informs a maximum TBS and UE reports its capability for a number of HARQ processes. 
· Option 2. UE reports separate capabilities for a number of predefined pairs of {maximum number of HARQ processes, maximum TBS}. 

A UE is also aware of the soft buffer status for the DL HARQ processes and it would be beneficial for the UE to request HARQ-ACK disabling for HARQ processes from the gNB when the soft buffer is often full. The UE can use the UEAssistanceInformation to request HARQ-ACK disabling/enabling or to indicate statistics for the soft buffer as the gNB cannot know how many HARQ processes require HARQ-ACK disabling. The UE may also report its soft buffer size to the gNB as part of the UE capability information.

[bookmark: _Ref71294270]Proposal 7: Support UE assistance information to indicate full soft buffer or to request HARQ-ACK enabling/disabling for HARQ processes.


Conclusions 
This contribution considered remaining aspects on HARQ for NTN and proposes the following.

Proposal 1: RAN1 to conclude whether a UE should support DCI-based retransmissions for TBs with disabled HARQ-ACK reports. If such retransmissions are to be supported, the UE behavior regarding LLR combining is up to UE implementation. 

Proposal 2: A UE configured Type-1 HARQ-ACK codebook reports NACK/DTX values for decoding outcomes of TBs associated with HARQ processes with disabled HARQ-ACK reports. The UE does not transmit a PUCCH with a Type-1 codebook when the UE receives only TBs for HARQ processes with disabled HARQ-ACK reports.   

Proposal 3: A UE does not transmit a PUCCH with a Type-1 HARQ-ACK codebook when the UE receives only TBs for HARQ processes with disabled HARQ-ACK reports. Rel-16 applies for the UE behavior when a Type-1 HARQ-ACK codebook is to be multiplexed in a PUSCH. 

Proposal 4: A Type-3 HARQ-ACK codebook does not include HARQ-ACK reports for HARQ processes with disabled HARQ-ACK reports. 

Proposal 5: A DCI format 1_1 for a HARQ process with disabled HARQ-ACK does not include the PRI, PUSCH-to-HARQ_feedback timing and counter DAI and is size matched to DCI format 0_1.

Proposal 6: To enable up to 32 HARQ processes without increasing the soft buffer size, support one of the following: 
· Option 1. gNB informs a maximum TBS and UE reports its capability for a number of HARQ processes. 
· Option 2. UE reports separate capabilities for a number of predefined pairs of {maximum number of HARQ processes, maximum TBS}. 

Proposal 7: Support UE assistance information to indicate full soft buffer or to request HARQ-ACK enabling/disabling for HARQ processes.

In addition, the following observations are made. 

Observation 1: For a DCI format scheduling a TB for a HARQ process with disabled HARQ-ACK, there is no need for any agreement on the UE behavior for fields associated with HARQ-ACK codebook construction or PUCCH (Option-2).

Observation 2: There is no need to consider any new support for “out of order” scheduling for PDCCH receptions associated with HARQ processes having disabled HARQ-ACK reports.

Observation 3: No new agreement is needed for HARQ processes with HARQ-ACK reports for SPS PDSCH (Option-2). Same UE behavior applies for HARQ-ACK reports for SPS PDSCH and for DG PDSCH in a HARQ-ACK codebook.  

Observation 4: There is no need to support more than 16 HARQ processes by DCI formats 0_0/1_0 (“Option 4”).

Observation 5: PDSCH is the channel with best coverage and it is not meaningful to enhance PDSCH coverage without enhancing coverage for other channels in NTN. General coverage enhancements for NTN can be part of a Rel-18 SI/WI. 
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