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Introduction
This contribution considers maintenance issues on HARQ aspects for NTN. 

Disabled HARQ-ACK Reports
Latency of HARQ-ACK reports due to a large propagation delay was considered as a reason for disabling HARQ-ACK reports for some HARQ processes. However, the propagation delay is 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 the NTN schedules another TB for the HARQ process. Moreover, 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 a (single) HARQ-ACK codebook where HARQ-ACK is enabled for some HARQ processes and disabled for others.

UE power savings was considered as another 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 negligible.

Observation 1: Having HARQ processes with disabled HARQ-ACK reports is not relevant to transmission latency or UE power saving for NTN operation. 

The primary 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, a 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 scheduled 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 indicating to a UE to not expect retransmissions of TBs with disabled HARQ-ACK and/or for a UE to indicate a capability for whether the UE can store LLRs of TBs with disabled HARQ-ACK reports. 


Fallback for Type-1 HARQ-ACK codebook
The following was agreed in RAN1#107-e for the Type-1 HARQ-ACK codebook [1].

	Agreement:
For Type-1 HARQ codebook, the UE will consistently report NACK-only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.



As the HARQ-ACK values for TBs with disabled HARQ-ACK reporting is known to the NTN (NACK), the UE should not count those TBs in the received TBs for determining the PUCCH transmission power in case of RM coding (HARQ-ACK codebook size of less than 12 bits). Otherwise, the PUCCH transmission power would be larger than necessary.

Proposal 2: For Type-1 HARQ-ACK codebook and TBs with disabled HARQ-ACK, a UE does not count the TBs as received TBs in the determination of the PUCCH transmission power when the UCI payload is less than 12 bits.

One other remaining issue for the Type-1 HARQ-ACK codebook relates to the following agreement from RAN1#106.

	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 not of particular importance and either option is OK. Option 2 can provide some marginal benefit and for that reason it can be supported.  
 
Proposal 3: A UE skips reporting of a Type-1 HARQ-ACK codebook if the UE receives only TBs for HARQ processes having 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). Therefore, only the PDSCH processing timeline constraint for  is necessary.  

Observation 1: There is no need to consider modifications for “out of order” scheduling due to PDCCH receptions associated scheduling TBs with HARQ processes that have disabled HARQ-ACK reports.


SPS PDSCH
In RAN1#107-bis, the following was agreed. 

	Agreement:
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]



As the HARQ process used for a SPS PDSCH reception varies depending on a corresponding slot, Alt-2 is practically same as enabling or disabling HARQ-ACK feedback for all HARQ processes (and the RRC configuration for the first SPs PDSCH after activation does not matter). Therefore, Alt-1 is more meaningful.

Proposal 4: For SPS PDSCH receptions other than the first one after activation, a UE follows the per-HARQ process configuration of enabled/disabled HARQ-ACK report.


UE Capability Aspects for NTN
A gNB can configure a UE up to 32 DL HARQ processes and 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 can determine a maximum number of HARQ processes the UE can support and report it as a UE capability to the gNB. The configuration of the maximum TBS is up to the gNB (e.g. based on the link quality on the cell or 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 capability for a combination of UE capabilities. For example, the UE can report support of 16 HARQ processes without a maximum TBS limit, or of 32 HARQ processes with reduced maximum TBS, or of 32 HARQ processes without a maximum TBS limit. That would enable a UE with limited soft buffer size to be scheduled with more than 16 HARQ processes under a maximum TBS limit and expand NTN applicability to more UEs as additional UE complexity/cost can be avoided. 

[bookmark: _Ref71294267]Proposal 5: To enable up to 32 HARQ processes without increasing UE 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 its soft buffer status and would be beneficial for the UE to request HARQ-ACK disabling for HARQ processes. The UE can use the UEAssistanceInformation to request a number of HARQ processes for HARQ-ACK disabling/enabling. The UE may also report its soft buffer size to the gNB as part of the UE capability information.

[bookmark: _Ref71294270]Proposal 6: Support UE assistance information to indicate soft buffer size 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 indicating to a UE to not expect retransmissions of TBs with disabled HARQ-ACK and/or for a UE to indicate a capability for whether the UE can store LLRs of TBs with disabled HARQ-ACK reports. 

Proposal 2: For Type-1 HARQ-ACK codebook and TBs with disabled HARQ-ACK, a UE does not count the TBs as received TBs in the determination of the PUCCH transmission power when the UCI payload is less than 12 bits.

Proposal 3: A UE skips reporting of a Type-1 HARQ-ACK codebook if the UE receives only TBs for HARQ processes having disabled HARQ-ACK reports.

Proposal 4: For SPS PDSCH receptions other than the first one after activation, a UE follows the per-HARQ process configuration of enabled/disabled HARQ-ACK report.

Proposal 5: To enable up to 32 HARQ processes without increasing UE 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 6: Support UE assistance information to indicate soft buffer size or to request HARQ-ACK enabling/disabling for HARQ processes.

In addition, the following observations are made. 

Observation 1: There is no need to consider modifications for “out of order” scheduling due to PDCCH receptions associated scheduling TBs with HARQ processes that have disabled HARQ-ACK reports.
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