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Introduction
One of the RAN1-lead objectives in the NTN WID [1] is uplink time and frequency synchronization enhancements for NTN. A list of topics related to uplink time and frequency synchronization enhancements was provided [2]. The following agreements have been made in RAN1 meeting #102-e [3].

Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling

Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling

In this contribution, we provide our views on the number of HARQ processes, mechanism for disabling HARQ feedback and the potential enhancement on HARQ-ACK codebook. 
Discussion
Number of HARQ processes
It was agreed [3] that the maximal HARQ process number up to 32. It is open whether supporting this maximal HARQ process number is based on UE capability. Increasing the number of HARQ processes may increase HARQ soft buffer size. Not every UE has large enough buffer size to support up to 32 HARQ processes. Hence, it is preferred not to mandate every UE to support up to 32 HARQ process number. 

Proposal 1: Supporting the maximal HARQ process number of 32 is up to UE capability.

To restrict the HARQ soft buffer size in case of supporting 32 HARQ processes, the limited buffer rate matching scheme is applied autonomously when operating with 32 HARQ processes. 

Proposal 2: Consider always applying LBRM for UE operating with 32 HARQ processes.

Even with an increased number of HARQ processes, DCI size should not be increased accordingly. This is to maintain the DCI size budget. In existing DCI formats, the HARQ process number field is of 4 bits. The same field size should be maintained even if the number of HARQ processes is increased to 32. We prefer to re-interpret DCI fields to indicate up to 32 HARQ process numbers. Specifically, the existing 4-bit HARQ process number field, together another bit field in DCI, are jointly used to indicate HARQ process number. 

One possible solution is that 1 redundancy version (RV) bit is used to indicate the MSB of HARQ process number, and only RV0 and RV3 are used when the supported HARQ process number is 32. One benefit of this scheme is that the soft buffer size per HARQ process is reduced by restricting to RV0 and RV3 at high code rates. Hence, the total soft buffer size over all HARQ processes is not increased even if the number of HARQ processes is increased to 32. 

Proposal 3: The HARQ process number field in DCI is remained to be 4 bits, and DCI fields are re-interpreted to indicate up to 32 HARQ process numbers. 

Mechanism for disabling HARQ feedback
It was discussed [2] that the parameters (e.g., for PDSCH or PUSCH) could be different for HARQ processes with enabled HARQ feedback and for HARQ processes with disabled HARQ feedback. For example, the configured aggregation factor for HARQ processes with disabled HARQ feedback can be larger than the configured aggregation factor for HARQ processes with enabled HARQ feedback. This is to enhance the data transmission reliability for HARQ processes with disabled HARQ feedback. 

Proposal 4: Support to have different configurations for HARQ processes with or without HARQ feedback. 

The aggregated PDSCH or PUSCH retransmission has restrictions on the retransmission resources both in time domain and in frequency domain. Specifically, the same frequency resources over consecutive slots are used in aggregated retransmission. In aggregated retransmission, the number of repetitions is either semi-statically configured or dynamically indicated via a configured TDRA table. 

Another way of PDSCH or PUSCH retransmission is blind retransmission. In blind retransmission, each DCI is associated with a single PDSCH (re)transmission or a single PUSCH (re)transmission, but the DCI for retransmission scheduling is transmitted without the knowledge of decoding results of the previous transmission. Although blind retransmission has higher PDCCH signaling overhead than that in aggregated retransmission, it has the flexibility in selecting retransmission resources, as well as in controlling the number of retransmissions. 

Comparing with the legacy HARQ retransmission scheme, the blind retransmission scheme strives to deliver data in a short period without waiting for HARQ feedback (for PDSCH) or without waiting for decoding results (for PUSCH). This reduces the latency by avoiding the large propagation delay of HARQ feedback (for PDSCH) or the large downlink to uplink turnaround time (for PUSCH) in NTN. 

Proposal 5: Support blind PDSCH and PUSCH retransmission for NTN. 

Enhancement on the HARQ-ACK codebook
Type-1 HARQ-ACK codebook is semi-statically constructed. The size of type-1 HARQ-ACK codebook does not depend on the scheduled transmissions. Hence, overhead reduction of type-1 HARQ-ACK codebook is not the main design consideration. In our view, we do not reduce the HARQ-ACK codebook size for HARQ processes with disabled HARQ feedback. Furthermore, it does not degrade performance when re-using existing NR HARQ-ACK codebook for HARQ processes with disabled HARQ feedback.

Proposal 6: In type-1 HARQ-ACK codebook construction, UE does not reduce the HARQ-ACK codebook size for HARQ processes with disabled HARQ feedback.

Unlike type-1 HARQ-ACK codebook, type-2 HARQ-ACK codebook is dynamically constructed, depending on the scheduled transmissions. With this design principle, UE does not have to send HARQ-ACK bit for the HARQ process with disabled HARQ feedback. Specifically, the counter DAI for HARQ processes with disabled HARQ feedback should not be increased.

Proposal 7: In type-2 HARQ-ACK codebook construction, UE does not expect to receive increased counter DAI for HARQ processes with disabled HARQ feedback. 

Conclusion
In this contribution, we provided our views on HARQ enhancements for NTN. Our proposals are as follows: 

Proposal 1: Supporting the maximal HARQ process number of 32 is up to UE capability.

Proposal 2: Consider always applying LBRM for UE operating with 32 HARQ processes.

Proposal 3: The HARQ process number field in DCI is remained to be 4 bits, and DCI fields are re-interpreted to indicate up to 32 HARQ process numbers. 

Proposal 4: Support to have different configurations for HARQ processes with or without HARQ feedback. 

Proposal 5: Support blind PDSCH and PUSCH retransmissions for NTN. 

Proposal 6: In type-1 HARQ-ACK codebook construction, UE does not reduce the HARQ-ACK codebook size for HARQ processes with disabled HARQ feedback.

Proposal 7: In type-2 HARQ-ACK codebook construction, UE does not expect to receive increased counter DAI for HARQ processes with disabled HARQ feedback. 
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