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1. Introduction
 In the RAN1#106-e meeting, following agreements were made and captured in the chairman’s note as:
Agreement:
For enhancement on the HARQ process indication, extend the HARQ process ID field up to 5 bits for DCI 0-1/1-1 when the maximum supported HARQ processes number is configured as 32.

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

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

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. 

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

Agreement:
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.



In this contribution, we further discuss on the HARQ enhancements in NTN.
2. Discussions  
HARQ process id identification
In RAN1#106-e meeting, for DCI format 0-1/1-1, extending the HARQ process ID field up to 5 bits was agreed for the HARQ process id identification. Also, for the fall back DCI, two options 1) Reusing one bit from other bit field, 2) No enhancement are agreed to be down selected. In option 2 (Reusing one bit from other bit field), other field can be reused for obtaining additional 1 bit. In case of HARQ feedback is disabled, some fields such as NDI, RV, PRI, etc., can be a candidate for option 2. However, it is not clear how this option work when HARQ feedback is enabled. Since fall back DCI is designed for robustness and supporting basic NR operations, it is acceptable to limit the number of HARQ processes up to 16 for fallback operation. Based on above discussion, for enhanced HARQ process id identification, no enhancement for DCI format 0-0/1-0 is preferred. 

Proposal 1: For DCI format 0-0/1-0, support no enhancement for enhanced HARQ process id identification in NTN.

Enabling/disabling HARQ feedback
Performance enhancements
In order to increase the link reliability performance, some enhancement on the transmission can be considered when the HARQ feedback is disabled. In the last meeting, among the candidate enhancements, aggregated transmission (including repetition) is agreed to prioritize in Rel-17 NTN.  For NTN scenario, larger number of repetition may provide good DL BLER performance at the expense of spectral efficiency. Thus, it is desired for gNB to select proper repetition number according to SINR and channel condition. One way to gNB know the channel condition of UE is relying on CSI and/or HARQ feedback. In conventional CSI reporting, UE measures DL channels based on the reference signal (e.g., CSI-RS), and calculates its preferred channel state information (e.g., RI, CQI, PMI) and reports it to gNB. This implicit CSI reporting may be helpful for gNB to select MCS and beamforming, but it is not directly coupled with proper repetition number. To this end, repetition number can be recommended by UE. 

Proposal 2. For transmission enhancement when HARQ feedback is disabled, consider following enhancements: 
· Repetition number is recommended/reported by UE  

PDSCH scheduling restriction between different HARQ process ids
When two PDSCHs are associated with different HARQ process id, PDSCH scheduling restriction can also be considered and corresponding UE behavior is captured in TS 38.214 as below. 
In a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, each slot is composed of symbols [4] or a number of symbols indicated by subslotLengthForPUCCH if provided, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. In a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities.


According to above specification, if there are two PDSCHs where PDSCH1 is scheduled in slot n and PDSCH2 is scheduled in slot n+k, ACK/NACK feedback timing for PDSCH1 should be before that of PDSCH2. In Rel-17 NTN, it is agreed to support HARQ feedback disabling and thus, if one of HARQ process is feedback-disabled, there might be some ambiguity on out-of-order (OOO) constraint check. Regarding this issue, there are some solutions are listed: 1) legacy restriction on the out-of-order constraint is kept, 2) out-of-order constraint is not applied to disabled HARQ process. Between two solutions, our preference is based on legacy restriction in order to keep the same UE processing time line for feedback enabled HARQ process. To keep the legacy restriction, introducing default/virtual ACK/NACK timing or timing offset for feedback-disabled HARQ process can be considered. Note that, although Type I HARQ codebook is still on the discussion, some information can be feedbacked even for the feedback-disabled HARQ process. 

Proposal 3. In case of two PDSCHs are associated with different HARQ process ids, introduce default/virtual ACK/NACK timing for feedback-disabled HARQ process. 

1. 
1. 
1. HARQ-ACK codebook enhancement 
Type-1 HARQ-ACK codebook
In Type-1 HARQ-ACK codebook, the location of ACK/NACK feedback bit is determined based on the SLIV of the scheduling DCI and the codebook size is determined by semi-static configuration. If some HARQ processes are configured as HARQ feedback disabled, the UE can ignore some fields (e.g., K1 and PRI field) used for ACK/NACK feedback even though those fields are presented. Then, Type-1 HARQ-ACK codebook could be constructed only for the serving cells having at least one feedback-enabled HARQ process, by excluding the serving cells not having any feedback-enabled HARQ process.
We still believe above solution is more reasonable and efficient when some of HARQ process are configured as feedback-disabled compared to the agreement in the last meeting. 
Proposal 4. For Type-1 HARQ-ACK codebook, UE ignores K1 and/or PRI field if DCIs carrying the feedback-disabled process are detected. 

In the agreement, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, following two options can be down-selected. 
· 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
If the only DCI carrying feedback-disabled HARQ process is detected by UE, following two options can be down-selected. 
· 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

With proposal 4, we believe that unnecessary UE behavior according to the configuration of HARQ-feedback disabling as shown in the above agreement can be removed. If the down selection had to be considered based on the above agreement, our preference is to report exact ACK/NACK information (option 2) of corresponding PDSCH, since option 2 can improve PDSCH performance compared to option 1. In case where only DCI carrying feedback-disabled HARQ process is detected by UE, option 2 is preferred since it can provide more efficient UE battery consumption. One required clarification is whether UE generates the HARQ-ACK codebook with option 2 or not. 

Type-2 HARQ-ACK codebook
In the last meeting, two options are agreed to be down-selected regarding on the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-disabled HARQ processes as:  
· 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.

Between options, in order to ensure the reliability for HARQ feedback-disabled processes, option 1 is preferred that the C-DAI and T-DAI are given their true values (i.e., the count of feedback-enabled processes), despite they are not incremented. 
Another issue is how to handle the case where all DCIs scheduling PDSCHs are with disabled HARQ processes or the first DCI scheduling PDSCH is associated with disabled HARQ process. In this regard, there might be some issues such as 1) whether or not to read the C-DAI value in scheduling DCI, 2) what is the initial C-DAI value if UE reads the C-DAI in scheduling DCI, and 3) whether to construct corresponding ACK/NACK payload and transmit ACK/NACK feedback. 
 
Proposal 6. For Type-2 HARQ-ACK codebook, for the DCI of PDSCH with feedback-disabled HARQ processes, 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.
Proposal 7. RAN1 needs to discuss on the case where all DCIs scheduling PDSCHs are with disabled HARQ processes for Type-2 codebook. 

Type-3 HARQ-ACK codebook
Type-3 HARQ-ACK codebook was introduced for NR-U (unlicensed band), and it was further agreed to be supported in licensed bands. In Type-3 HARQ-ACK codebook, HARQ-ACK feedback for all HARQ processes is provided in one shot manner. Therefore, if Type-3 HARQ-ACK codebook is constructed based only on enabled HARQ processes, the overhead can be reduced effectively. Compared to Type-2 HARQ-ACK codebook, Type-3 HARQ-ACK codebook has a merit in terms of DCI overhead and no codebook ambiguity caused by DCI missing, while it requires larger UCI overhead. In that sense, support of enhancement on Type-3 HARQ-ACK codebook is beneficial when HARQ feedback is disabled. 

Proposal 8. For Type-3 HARQ codebook, the codebook is generated based only on feedback-enabled HARQ processes.


SPS PDSCH activation/release
In NR, HARQ-ACK feedback is used to indicate whether the UE is correctly received SPS PDSCH activation/release command or not. However, if HARQ feedback is disabled, gNB cannot know that information, and thus it may cause redundant DL resource reservation or DL buffer corruption. To resolve these issues, if the first PDSCH after reception of the SPS activation DCI is with disabled HARQ process, UE feedbacks acknowledgement for the reception of SPS activation DCI. If the first PDSCH after reception of the SPS activation DCI is with enabled HARQ process, UE transmits ACK/NACK information according to the decoding results of that PDSCH. Similarly, for SPS PDSCH release, UE feedbacks acknowledgement for the reception of SPS release DCI even though HARQ feedback is disabled. As another solution, UE does not expect the SPS PDSCH configuration with any disabled HARQ process. However, it may restrict the gNB scheduling flexibility.

Proposal 9. UE feedbacks acknowledgement for the reception of SPS activation DCI, if the first PDSCH after reception of the SPS activation DCI is associated with disabled HARQ process.  
3. Conclusion
In this contribution, we discussed on the HARQ enhancements in NTN. Based on the above discussion, we have following observation and proposals:
Proposal 1: For DCI format 0-0/1-0, support no enhancement for enhanced HARQ process id identification in NTN.
Proposal 2. For transmission enhancement when HARQ feedback is disabled, consider following enhancements: 
· Repetition number is recommended/reported by UE  
Proposal 3. In case of two PDSCHs are associated with different HARQ process ids, introduce default/virtual ACK/NACK timing for feedback-disabled HARQ process. 
Proposal 4. For Type-1 HARQ-ACK codebook, UE ignores K1 and/or PRI field if DCIs carrying the feedback-disabled process are detected. 
Proposal 5. For Type-2 HARQ-ACK codebook, for the DCI of PDSCH with feedback-disabled HARQ processes, 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.
Proposal 6. RAN1 needs to discuss on the case where all DCIs scheduling PDSCHs are with disabled HARQ processes for Type-2 codebook. 
Proposal 7. For Type-3 HARQ codebook, the codebook is generated based only on feedback- enabled HARQ processes.
Proposal 8. UE feedbacks acknowledgement for the reception of SPS activation DCI, if the first PDSCH after reception of the SPS activation DCI is associated with disabled HARQ process.  
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