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1. Introduction
In case of NTN with large propagation delay between gNB and UE, it is highly inefficient to work with the conventional 16 HARQ processes. Increasing the number of HARQ processes and disabling HARQ feedback are agreed in RAN1#102-e and RAN1#103-e to overcome the issue. Further details regarding these options were discussed in RAN1#104-e  [1] and the following agreements were made

Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· Working assumption: X = T_proc,1
· FFS: Whether X should be changed to X = max (T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0
· Note: The TB of the two PDSCHs can be either same or different

Agreement:
For Type-2 HARQ codebook in NTN: Reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes

Based on the above agreements and topics to further consider, this contribution describes the potential enhancements related to HARQ in NTN 
2. HARQ codebook enhancements 
The impact of HARQ feedback disabling on HARQ codebook formation is discussed in this section. 
2.1 Semi-static codebook
According to the agreement, disabling/enabling of HARQ feedback can be configured per process ID through RRC. Therefore, UE is semi-statically configured with two set of HARQ process IDs: one with HARQ feedback enabled and other for which feedback is disabled. In case of feedback disabled HARQ ID, the gNB is not expecting any feedback from the UE. Therefore, the HARQ feedback disabled process ID should not be considered while forming the codebook. In case of semi-static codebook, if any of the candidate occasion is configured with PDSCH having feedback disabled ID, then treat the occasion as unscheduled and form the semi-static codebook using existing mechanism. Therefore, no enhancement is needed for the existing mechanism for semi-static codebook formation.
Proposal 1: Treat candidate occasion with PDSCH corresponding to feedback disabled HARQ process ID as unscheduled
Proposal 2: No enhancement is needed for the existing mechanism for semi-static codebook formation
In case of all or majority of candidate occasions are configured with HARQ disabled process ID, then using conventional semi-static codebook scheme leads to unnecessary reporting of NACK corresponding to feedback disabled process ID. However, this is an inherent disadvantage of semi-static codebook, even in the absence of HARQ feedback disabling. But reporting NACK is essential for identifying the misdetection of DCI. The UE will not be able to identify whether feedback is enabled/disabled for PDSCH until it decodes DCI properly. For e.g., in Fig. 1 given below, the candidate occasions for forming semi-static codebook corresponding to slot n are indicated in green. Let DCI1, DCI2 and DCI3 schedule PDSCH1, PDSCH2 and PDSCH3, respectively, and all scheduled PDSCH are configured with feedback disabled process ID. Using the method explained above, all three candidate slots will be treated as unscheduled, and the semi-static codebook for slot n will be {NACK, NACK, NACK}. However, if codebook is formed using only HARQ enabled IDs, then there is no need to send feedback in slot n. But in case DCI2 fail, then UE will not know whether PDSCH2 is scheduled or not, also whether feedback is enabled or disabled for PDSCH2.  That can create ambiguity at the UE side regarding the size of semi-static codebook. To reduce the overhead associated with semi-static codebook, gNB can enable dynamic codebook or codebook based on HARQ process ID at UE in case feedback is disabled for majority of the HARQ process ID.
Observation 1: Enabling/disabling of feedback is indicated by DCI and the semi-static codebook should not be dependent on the DCI parameter
Observation 2: Forming Type1 codebook based on HARQ enabled ID creates ambiguity in case of DCI failure
Proposal 3: Enabling dynamic codebook or codebook based on HARQ process ID at UE is supported in case feedback is disabled for majority of the HARQ process ID
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       Fig. 1: Semi-static codebook formation for feedback disabled process and impact of DCI failure
		

2.2 Dynamic codebook
Similar to the case of semi-static codebook, any of the candidate occasion configured with PDSCH corresponding to feedback disabled ID can be treated as unscheduled while forming dynamic codebook. However, that leads to codebook size reduction in case of dynamic codebook, as ACK/NACK is reported only for scheduled slots in dynamic codebook. The cDAI and tDAI should also count only the PDSCH configured with feedback enabled process ID. The DCI scheduling PDSCH with feedback disabled HARQ ID can indicate some reserved value (instead of cDAI and tDAI), that can be ignored by UE. 
Proposal 4: cDAI and tDAI should count only PDSCH with feedback enabled HARQ processes 
· In DCI scheduling PDSCH with feedback enabled HARQ processes, the cDAI and tDAI indicate the count of feedback-enabled processes
· In DCI scheduling PDSCH with feedback disabled HARQ processes, the cDAI and tDAI indicate a reserved value that can be ignored by the UE	
2.3 Type 3 codebook
In type 3 codebook one shot HARQ feedback is provided for all configured HARQ process IDs. Just like the case of semi-static and dynamic codebook mentioned above, the feedback disabled HARQ IDs can be ignored in type 3 codebook. For e.g., a UE is configured with one-shot HARQ feedback scheme and a total of 8 HARQ ID, in which 6 are feedback disabled and 2 are feedback enabled, then on receiving one-shot request bit filed in DCI 1_1, UE will report ACK/NACK only for two 2 HARQ process IDs.
Proposal 5: Reduce Type 3 codebook size by including ACK/NACK information for feedback enabled HARQ processes
 
3. PDSCH/PUSCH scheduling restriction
In terrestrial network, the same HARQ process ID can be reused at UE only after the transmission of HARQ feedback for that HARQ process. Therefore, UE can receive a DCI scheduling PDSCH with same HARQ ID only after the UE has processed the previously received PDSCH with same HARQ ID, prepared HARQ feedback and transmitted the feedback. However, in case of NTN, the feedback disabled HARQ ID can be reused much frequently without waiting for HARQ feedback transmission. Therefore, the minimum duration between PDSCH reception and reception of DCI scheduling PDSCH with same HARQ ID should be PDSCH processing time.
Proposal 6: For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until  after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
4. Conclusion 
The contribution makes the following observations and proposals.
Proposal 1: Treat candidate occasion with PDSCH corresponding to feedback disabled HARQ process ID as unscheduled
Proposal 2: No enhancement is needed for the existing mechanism for semi-static codebook formation
Observation 1: Enabling/disabling of feedback is indicated by DCI and the semi-static codebook should not be dependent on the DCI parameter
Observation 2: Forming Type1 codebook based on HARQ enabled ID creates ambiguity in case of DCI failure
Proposal 3: Enabling dynamic codebook or codebook based on HARQ process ID at UE is supported in case feedback is disabled for majority of the HARQ process ID
Proposal 4: cDAI and tDAI should count only PDSCH with feedback enabled HARQ processes 
· In DCI scheduling PDSCH with feedback enabled HARQ processes, the cDAI and tDAI indicate the count of feedback-enabled processes
· In DCI scheduling PDSCH with feedback disabled HARQ processes, the cDAI and tDAI indicate a reserved value that can be ignored by the UE	
Proposal 5: Reduce Type 3 codebook size by including ACK/NACK information for feedback enabled HARQ processes
Proposal 6: For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until  after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
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