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Introduction
One of the RAN1-lead objectives in the NTN WID [1] is HARQ enhancements for NTN. A list of topics related to HARQ enhancements was provided [2]. The following agreements have been made in RAN1 #106b-e meeting [3].

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

Conclusion:
For DCI 0-0/1-0, no enhancement to support indication of more than 16 HARQ processes is considered in Rel-17.

In this contribution, we provide our views on enhancement on Type-1 HARQ-ACK codebook, Type-2 HARQ-ACK codebook, HARQ-ACK feedback for SPS PDSCH, and mechanism for disabling HARQ feedback.
Discussion
Enhancement on Type-1 HARQ-ACK codebook
Type-1 HARQ-ACK codebook is semi-statically constructed. The size of Type-1 HARQ-ACK codebook depends on the total number of candidate PDSCH reception occasions, rather than whether or not there is actually scheduled PDSCH. If no PDSCH is received in a candidate PDSCH reception occasion due to not detecting a corresponding DCI, then NACK is generated. Here, overhead reduction of Type-1 HARQ-ACK codebook is not the main design consideration. 

It was agreed [4] that for Type-1 HARQ-ACK codebook, if DCIs carrying the feedback disabled and feedback enabled HARQ processes are detected by UE, two options should be down selected. In the first option, UE reports NACK for the feedback disabled HARQ process regardless of decoding results of corresponding PDSCH. In the second option, UE reports ACK/NACK for feedback disabled HARQ process depending on decoding results of corresponding PDSCH. 

The reporting of ACK/NACK for feedback disabled HARQ process does not help for HARQ retransmission. This information may be useful at gNB side for scheduling of high layer retransmission. 

On the other hand, one benefit of the first option is that some HARQ feedback bits are pre-known at gNB side, which could improve the decoding performance. For example, in polar code successive cancellation list decoding, the known bits could enhance the reliability of the subsequent bit decoding. Also, the first option relaxes the decoding timeline at UE side, since the UE does not have to finish PDSCH decoding associated with feedback disabled HARQ process at the time of HARQ-ACK codebook construction. UE only needs to finish the PDSCH decoding before the reception of next PDCCH scheduling the same HARQ process number. 

Proposal 1: For Type-1 HARQ-ACK codebook, if DCIs carrying the feedback disabled and feedback enabled HARQ processes are detected by UE, the UE always reports NACK for the feedback disabled HARQ process. 

It was agreed [4] that for Type-1 HARQ-ACK codebook, if only DCI carrying feedback disabled HARQ process is detected by UE, two options should be down selected. In the first option, UE sends the HARQ-ACK codebook, i.e., the same behavior as the case if DCI carrying the feedback disabled and feedback enabled HARQ processes are detected by UE. In the second option, UE skips the HARQ-ACK codebook feedback. 

In our view, since UE does not know whether it will detect only DCI carrying feedback disabled HARQ process until the last DCI is received, UE continues preparing the HARQ-ACK codebook. Hence, skipping the codebook feedback in the second option does not significantly simplify UE’s operations. The PUCCH resource for HARQ-ACK codebook feedback is anyway allocated and skipping codebook feedback does not improve uplink resource utilization. 

On the other hand, the case where UE only detects DCIs carrying feedback disabled HARQ processes is not common, and it is not worth to optimize for this corner case. This also leads to inconsistent UE behavior, which is not preferred. 

Furthermore, this optimization is against the principle of semi-static codebook construction, which indicates the HARQ-ACK codebook size depends on the DCI decoding results. The main motivation of introducing feedback disabled HARQ processes in NTN is to avoid the HARQ stalling issue due to large propagation delay in NTN. Skipping HARQ-ACK codebook feedback is irrelevant to this main motivation. 

Proposal 2: For Type-1 HARQ-ACK codebook, if only DCI carrying feedback disabled HARQ process is detected by UE, the UE’s behavior is same as the case if DCIs carrying the feedback disabled and feedback enabled HARQ processes are detected by UE. 

Enhancement on Type-2 HARQ-ACK codebook
Type-2 HARQ-ACK codebook construction for NTN has been discussed in the past RAN1 meetings. It was agreed [5] that the Type-2 HARQ codebook size is reduced to only include HARQ-ACK of PDSCH with feedback enabled HARQ processes. It was agreed [6] that for DCI of PDSCH with feedback enabled HARQ process, the C-DAI and T-DAI are the count of only feedback enabled processes. 

It was agreed [4] that for DCI of PDSCH with feedback disabled HARQ process, the C-DAI and T-DAI signaling is to be down selected from two options. In the first option, the C-DAI and T-DAI are the count of feedback enabled processes. In the second option, the C-DAI and T-DAI fields are reserved and ignored by UE.   

The second option has the benefit of saving the DCI bit fields of C-DAI and T-DAI. It also has less specification impact. 

The first option has the advantage of indicating the total number of HARQ-ACK bits, which benefits in addressing the last DCI missing issue. The UE behavior for the first option is open. In our view, when a UE receives a DCI of PDSCH with feedback disabled HARQ process, it only updates the C-DAI and T-DAI values indicated in the DCI but does not generate HARQ-ACK bits subsequently.  

Proposal 3: In Type-2 HARQ-ACK codebook construction, for the DCI of PDSCH with feedback disabled HARQ processes, C-DAI and T-DAI are given the count of feedback enabled processes.

HARQ-ACK feedback for SPS PDSCH
The Type-2 HARQ-ACK codebook construction for SPS PDSCH is open. The similar issue is also open for Type-1 HARQ-ACK codebook only for SPS PDSCH reception. 

In release 16 terrestrial network, a SPS configuration may include multiple HARQ processes. In NTN, enabling/disabling on HARQ feedback for downlink transmission is configurable per HARQ process. It is understood this agreement is applicable to the HARQ processes in a SPS configuration. In other words, it is possible that the HARQ processes in a SPS configuration have different HARQ feedback settings. 

However, this configuration is not preferred. Considering that a SPS configuration is aimed to serve a certain type of data, it makes sense to ensure all HARQ processes in a SPS configuration have the same feedback setting (i.e., enabled or disabled HARQ feedback) to achieve the QoS requirement of the SPS traffic. 

Hence, we propose that a SPS configuration is able to set the enabling/disabling of HARQ-ACK feedback for all HARQ processes associated with this SPS configuration. This SPS configuration overwrites the per HARQ process configuration of HARQ feedback enabling/disabling, when determining the HARQ-ACK feedback for SPS PDSCH. 

Proposal 4: Enabling/disabling on HARQ-ACK feedback for all HARQ processes in a SPS is part of SPS configuration.

Mechanism for disabling HARQ feedback
It was agreed [4] that the maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for PDSCH is X, where X is to be determined by 8, 16, 32. 

In NTN, the pathloss is large due to long distance between satellite and UE. The large pathloss results in the low SNR. The NTN coverage needs to be improved in general, which is also considered as a potential objective for Rel-18 NTN evolution. 

In order to enhance the reliability of downlink transmission, especially for the feedback disabled HARQ processes, we think the maximum number of supported aggregation factor for PDSCH should be increased from 8. This extension applies to both dynamic grant PDSCH (i.e., PDSCH-Config) or SPS PDSCH (i.e., SPS-config). 

Proposal 5: Support to increase the aggregation factor for both dynamic grant PDSCH and SPS PDSCH. 

In SPS configuration, a single value of aggregation factor (i.e., pdsch-AggregationFactor) is configured between 1, 2, 4 and 8. In NGSO scenario, satellite keeps moving with a high speed, which continuously changes the distance between UE and satellite. This results in continuously varying pathloss and SNR on the channel between satellite and UE. 

A single value of aggregation factor in a SPS configuration may not fit with the real-time distance between UE and satellite. For example, if the distance between UE and satellite is long, a larger aggregation factor is used for SPS PDSCH transmission. If the distance between UE and satellite is short, a smaller aggregation factor is used for SPS PDSCH transmission. 

To avoid the frequent resetting a SPS configuration, we think multiple values of aggregation factor could be configured in a SPS configuration. The selection of which aggregation factor to use may depend on the distance between UE and satellite. This distance may be reflected by UE specific  value, which is aligned between gNB and UE. For example, for a large UE specific , a large configured aggregation factor is used in SPS PDSCH transmission. For a small UE specific , a small configured aggregation factor is used in SPS PDSCH transmission. Through this way, the SPS configuration does not need to be frequently modified in the NGSO scenario. 

Proposal 6: Consider an adjustable aggregation factor in SPS PDSCH transmission. 

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

Proposal 1: For Type-1 HARQ-ACK codebook, if DCIs carrying the feedback disabled and feedback enabled HARQ processes are detected by UE, the UE always reports NACK for the feedback disabled HARQ process. 

Proposal 2: For Type-1 HARQ-ACK codebook, if only DCI carrying feedback disabled HARQ process is detected by UE, the UE’s behavior is same as the case if DCIs carrying the feedback disabled and feedback enabled HARQ processes are detected by UE. 

Proposal 3: In Type-2 HARQ-ACK codebook construction, for the DCI of PDSCH with feedback disabled HARQ processes, C-DAI and T-DAI are given the count of feedback enabled processes.

Proposal 4: Enabling/disabling on HARQ-ACK feedback for all HARQ processes in a SPS is part of SPS configuration.

Proposal 5: Support to increase the aggregation factor for both dynamic grant PDSCH and SPS PDSCH. 

Proposal 6: Consider an adjustable aggregation factor in SPS PDSCH transmission. 
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