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Introduction
This contribution considers remaining HARQ aspects for NTN. 

HARQ-ACK Reporting
In order to determine what enhancements/designs can be beneficial for NTN operation with HARQs having disabled HARQ-ACK reports, a common understanding of what aspects can benefit from such disabling is first needed. Basically, NTN is not materially different than TN as the only difference is the larger number of HARQ processes and the larger propagation delay (coverage loss is another issue but has not been addressed in Rel-17 NTN and will have to rely on the other coverage enhancements in Rel-17).   

Latency of HARQ-ACK reports due to the large propagation delay was mentioned as a reason for disabling HARQ-ACK reports. However, the propagation delay is actually not relevant because a UE only cares about out-of-order scheduling events and not about 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). The irrelevance of the propagation delay on disabling HARQ-ACK reports is also evident from the support of HARQ-ACK codebooks.

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.

Observation 1: There is no reason for NTN operation to have HARQ process with disabled HARQ-ACK reports. 

In our opinion, the 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. A first approach to enable such HARQ buffer management is to specify that a UE does not expect to be schedule retransmissions for TBs with disabled HARQ-ACK reports. A second approach is for the UE to indicate a capability for storing LLRs only for TBs with enabled HARQ-ACK reports.  
 
Proposal 1: Support either for a UE to not expect retransmissions of TBs with disabled HARQ-ACK reports or for a UE to provide capability signaling for whether it can store LLRs of TBs with disabled HARQ-ACK reports. 


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] and there was no further progress in RAN1#106bis.

	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: For the Type-1 HARQ-ACK codebook, conclude on one of the following alternatives for the value of HARQ-ACK bits for TBs with disabled HARQ processes
a) HARQ-ACK bits for TBs with disabled HARQ processes have a predetermined value (e.g. NACK value)
b) The value of HARQ-ACK bits for TBs with disabled HARQ processes is not defined – no further agreement is needed for the Type-1 HARQ-ACK codebook
c) The Type-1 HARQ-ACK codebook is not supported for NTN


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. 



Overall, the issue is of very marginal importance. There will be no impact on the NTN operation or on the UE power consumption with either option. Although option 2 was preferable, minimization/avoidance of specification impact from functionalities without actual benefit is always desirable, especially at this stage of Rel-17.  
 
Proposal 3: No differentiation of the UE behavior in case a Type-1 HARQ-ACK codebook does not include HARQ-ACK information for a HARQ process with enable HARQ-ACK report (Option 1).
 

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.



This topic was extensively discussed in RAN1#106bis-e. The issue is whether or not to modify the Type-2 HARQ-ACK codebook by using DAIs from DCI formats scheduling TBs for HARQ processes with disabled HARQ-ACK reports. In addition to specification impact, a modification will require software updates at the UE and the gNB/NTN and new IIoT for deployments. A benefit from using DAIs in DCI formats scheduling TBs for HARQ processes with disabled HARQ-ACK reports is that missed detections of previous DCI formats scheduling TBs for HARQ processes with enabled HARQ-ACK reports can be identified which is basically addressing the usual issue that exists since LTE Rel-8 and also exists in NR of a UE missing last DCI format(s) for a Type-2 HARQ-ACK codebook. However, there is no benefit from using DAIs in DCI formats scheduling TBs for HARQ processes with disabled HARQ-ACK reports. 

Assuming an equal split between enabled/disabled HARQ processes (a favorable assumption for using DAIs in DCI formats with disabled HARQ-ACK as it maximizes disabled HARQ processes for possibly obtaining same UE buffer management as in Rel-16), an equivalent benefit for the accuracy of the HARQ-ACK codebook construction would be as if the operation was with 0.5% BLER for the DCI format, instead of 1%. That would practically have no impact on throughput. Any impact on throughput will also be limited/eliminated from the fact that NTN operation is UL coverage limited and it would be much more difficult to operate with a 1% BLER for HARQ-ACK codebooks in a PUCCH/PUSCH than to operate with ≤1% BLER for DCI formats. Even with 1% BLER for the HARQ-ACK codebook, there is no benefit from occasionally using DAIs from DCI formats scheduling TBs for HARQ processes with disabled HARQ-ACK reports to construct the Type2- HARQ-ACK codebook.
  
Observation 2: For a DCI format scheduling a TB for a HARQ process with disabled HARQ-ACK, there is no need for any agreement to use respective DAI fields for Type-2 HARQ-ACK codebook construction (Option-2).


Type-3 HARQ-ACK codebook
Similar to the Type-1 HARQ-ACK codebook, there is no reason for an NTN to configure HARQ processes with disabled HARQ-ACK reports and configure Type-3 HARQ-ACK codebook to a UE if the UE would report HARQ-ACK for all HARQ processes. Therefore, as for the Type-1 HARQ-ACK codebook, the following is proposed. 

Proposal 4: For the Type-3 HARQ-ACK codebook, conclude on one of the following alternatives for the value of HARQ-ACK bits for TBs with disabled HARQ processes
a) HARQ-ACK bits for TBs with disabled HARQ processes are not included in the Type-3 codebook
b) The value of HARQ-ACK bits for TBs with disabled HARQ processes is not defined – no further agreement is needed for the Type-3 HARQ-ACK codebook
c) The Type-3 HARQ-ACK codebook is not supported for NTN


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 3: 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
In RAN1#106-bis, the following was agreed. 

	Agreement:
For DCI indicating SPS PDSCH release, HARQ-ACK report is as in Rel-16.



Regarding the DCI format activating SPS PDSCH reception, there was discussion in RAN1#106-bis whether it needs to relate to HARQ-ACK enabling/disabling. The two issues are separate. The DCI format activating SPS PDSCH is not associated with a HARQ process and there is no scheduled TB – the TB is for the activated SPS PDSCH and enabling/disabling of a corresponding HARQ-ACK report can follow the configuration for the corresponding HARQ process. An argument for always mandating a HARQ-ACK report for the first SPS PDSCH was that the gNB may configure most HARQ processes with disabled HARQ-ACK reports and then it may incur latency in activating SPS PDSCH at a slot associated with a HARQ process having enabled HARQ-ACK report. However, such scenario is unrealistic as there is no benefit for an NTN to disable most HARQ processes and, even then, there is no reason to assume that the NTN can practically ensure correct reception of most TBs (for the disabled HARQ processes) but cannot ensure correct reception for the DCI format activating SPS PDSCH. 
 
Another issue is whether to change the agreement for HARQ-ACK disabling per HARQ process and make it per SPS PDSCH configuration. Aside of no apparent reason for such a change, it would actually be detrimental as an SPS PDSCH configuration with enabled HARQ-ACK reports can result to all HARQ processes having enabled HARQ-ACK reports which then negates any benefit on UE buffer management.

Observation 4: No additional agreements are needed for SPS PDSCH in NTN.


DCI formats
One remaining issue is whether to keep redundant fields in DCI format 1_1 when it is 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 may be kept to possibly avoid unnecessary padding bits in DCI format 1_1. 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 size of DCI format 1_1 when scheduling a TB with a HARQ process having disabled HARQ-ACK report can then be same as the size of DCI format 0_1. No additional PDCCH decoding operations exist, as DCI formats 0_1 and 1_1 are in a same search space set, and the flag that exists in the DCI formats differentiates them. 

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. It is not meaningful to enhance PDSCH coverage without enhancing coverage for other channels in NTN beyond what can be done in Rel-17. 


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 not be any 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 with enabled HARQ-ACK that 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. 

[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: Support either for a UE to not expect retransmissions of TBs with disabled HARQ-ACK reports or for a UE to provide capability signaling for whether it can store LLRs of TBs with disabled HARQ-ACK reports. 

Proposal 2: For the Type-1 HARQ-ACK codebook, conclude on one of the following alternatives for the value of HARQ-ACK bits for TBs with disabled HARQ processes
a) HARQ-ACK bits for TBs with disabled HARQ processes have a predetermined value (e.g. NACK value)
b) The value of HARQ-ACK bits for TBs with disabled HARQ processes is not defined – no further agreement is needed for the Type-1 HARQ-ACK codebook
c) The Type-1 HARQ-ACK codebook is not supported for NTN

Proposal 3: No differentiation of the UE behavior in case a Type-1 HARQ-ACK codebook does not include HARQ-ACK information for a HARQ process with enable HARQ-ACK report (Option 1).

Proposal 4: For the Type-3 HARQ-ACK codebook, conclude on one of the following alternatives for the value of HARQ-ACK bits for TBs with disabled HARQ processes
a) HARQ-ACK bits for TBs with disabled HARQ processes are not included in the Type-3 codebook
b) The value of HARQ-ACK bits for TBs with disabled HARQ processes is not defined – no further agreement is needed for the Type-3 HARQ-ACK codebook
c) The Type-3 HARQ-ACK codebook is not supported for NTN

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: There is no reason for NTN operation to have HARQ process with disabled HARQ-ACK reports. 

Observation 2: For a DCI format scheduling a TB for a HARQ process with disabled HARQ-ACK, there is no need for any agreement to use respective DAI fields for Type-2 HARQ-ACK codebook construction (Option-2).

Observation 3: 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 4: No additional agreements are needed for SPS PDSCH in NTN.

Observation 5: PDSCH is the channel with best coverage. It is not meaningful to enhance PDSCH coverage without enhancing coverage for other channels in NTN beyond what can be done in Rel-17. 
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