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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN1#106-e, a couple of agreements have been achieved to enhance HARQ for NTN [1]: 
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 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 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 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 provide some further considerations on HARQ enhancement for NTN.

[bookmark: _Ref129681832]HARQ enhancement in NTN
HARQ process ID indication
It was agreed that 32 is taken as the maximal supported HARQ process number for both uplink and downlink [2]. Since the maximum bit field size for HARQ process number in existing DCI formats is 4 bits, the HARQ process number indication needs to be enhanced. To expand the number of process ID to 32, the 5 bits indication field in DCI are needed.
[bookmark: _Hlk78218106]In the case of fallback DCI 0-0/1-0, the HARQ process ID field has a fixed size of 4 bits. Note that it is designed for supporting basic NR operations since Rel-15. Thus, its not desirable to increase the payload for fallback DCI 0-0/1-0. Moreover, for backward compatibility, the HARQ process ID field in fallback DCI 0_0/1_0 should not be extended to accommodate 32 HARQ processes. In addition, since the 32 HARQ processes are used for high throughput, the scheduling can be carried out with non-fallback DCI 0_1/1_1. Therefore, in NTN case, 16 processes are sufficient for fallback DCI 0_0/1_0. 
Proposal 1: No HARQ enhancement for DCI 0-0/1-0 is needed.

[bookmark: OLE_LINK48]HARQ-ACK codebook size reduction
[bookmark: _Hlk83989534]Type 1 is semi-static HARQ-ACK codebook, meaning that the size of the type 1 HARQ-ACK codebook is fixed based on RRC configured parameters and should not be changed dynamically. from moderator’s perspective at RAN1#106-e [1], four cases are discussed for the enhancement on Type-1 Codebook, for case 4, 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.
In our view, from the performance perspective, for Option-1, the decoding gain in coodbook decoding using pre-known “NACK” bits may exit but is unclear. But for Option-2, better PDSCH performance can be obtained due to link adaptation based on actual NACK/ACK feedback. From processing time constraints, there could be no impacts on the processing timeline, thus we think both Option-1 and Option-2 do not violate the processing time constraints. In addition, Option-2 has no impact to specification. 
Proposal 2: If DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, the UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH.

Meanwhile, for case 2 and case 3, 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.
In NTN sense, the redundancy overhead of semi-static HARQ-ACK codebook which assumes that all PDSCH occasions, i.e., HARQ processes need ACK/NACK feedback would be too large when only a few HARQ processes are enabled. For example, if all serving cells in one occasion are configured for HARQ feedback disabled, sending the feedback will waste UL resources and UE battery and increase the unnecessary overhead. Thus, in our view, the UE should skip the codebook feedback.
Proposal 3: if only DCI carrying feedback-disabled HARQ process is detected by UE, the UE should skip the codebook feedback.
[bookmark: _GoBack]
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]At RAN1#106-e, regarding the enhancement on Type 2 HARQ codebook, it has been agreed that the C-DAI and T-DAI are the count of only feedback-enabled processes for the DCI of PDSCH with feedback-enabled HARQ processes. The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-disabled HARQ processes, two candidate options were proposed [1]:
· 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 DCI for DL scheduling, the T-DAI field denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) are used to avoid DCI miss detection of dynamic scheduling and SPS release. Thus, compare to Option 2, the Option 1 is more reliable, which benefits in addressing the last DCI missing issue. 
[bookmark: _Hlk78322523]Examples of Option 1 and Option 2 are as shown in the Figure 2 and Figure 3 [3]. If the DCI in monitor occasion m=3 is missed, for Option 1 and Option 2, the UE would determine the HARQ-ACK bits for the dynamic codebook as 5 and 4, respectively. Obviously, for Option 2, this would lead to HARQ-ACK codebook size misalignment between gNB and UE due to UE’s misdetection of the DCI. Thus, we support Option 1, i.e. the C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented. 
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Figure 2: Type2 codebook with disabling and enabling HARQ-ACK feedback with Option 1
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Figure 3: Type2 codebook with disabling and enabling HARQ-ACK feedback with Option 2
Proposal 4: Type 2 HARQ-ACK codebook can be enhanced, and 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.

The Type-3 HARQ codebook is introduced for unlicensed band in NR Rel-16, to benefit from the HARQ-ACK retransmission due to listen-before-talk (LBT) failure [3]. It was agreed in the RAN1#103-e that the Type-3 HARQ codebook is also supported for licensed spectrum [4]. In the case of NR Type-3 HARQ codebook, UE would generate HARQ-ACK feedback on all HARQ processes for all the configured serving cells in one shot. Therefore, in our view, one simpler approach to reduce the unnecessary overhead is to only allow the feedback for HARQ process with enabled ACK/NACK information in the Type-3 codebook.
[bookmark: OLE_LINK4]Proposal 5: For Type-3 HARQ codebook in NTN, the UE should skip the codebook feedback for a feedback-disabled HARQ processes.

Restriction on HARQ feedback disabling
The proposal in the RAN1#106-e of moderator is suggested for further check on the below conclusion [1]:
UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled. 
To avoid the potential misunderstanding of MAC CE signaling between gNB and UE, it is beneficial to mandate the scheduling with enabled HARQ process. Thus, we agree with this proposal.
Proposal 6: UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.

Discussion on SPS issue
At RAN1#106-e, for SPS PDSCH, two candidate options were proposed [1]:
· Option-1: All HARQ process associated to SPS PDSCH should be feedback-enabled.
· Option-2: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per HARQ process.
If the HARQ feedback can be disabled, UE behavior is undefined if the TA timer is running. Considering this situation option 2 shall be better. And the option 2 is currently specified, meaning that no additional specifications are required.
Proposal 7: UE expects an SPS PDSCH release is transmitted using HARQ processes with feedback enabled.

Coverage Enhancements
The Rel-17 WI on coverage enhancements (CE) is specifying enhancements to PUSCH and PUCCH transmissions with repetitions – the maximum number of PUSCH repetitions has been increased to 32. These behaviors do not require additional specification support to be applied to NTN. But an important aspect associated with increased time slot aggregation is that individual PDSCH transfers have unique encodings, resulting in a relatively high code rate per transfer. However, large number of aggregations will result in reduced efficiency.
Proposal 8: For NTN operation, the maximum level of slot aggregation to be considered could be 32 slots, but 16 is ok.

Conclusions
In this contribution, we discussed enhancements for HARQ procedures in NTN. Then we get the following observations and proposals:
Proposal 1: No HARQ enhancement for DCI 0-0/1-0 is needed.
Proposal 2: If DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, the UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH.
Proposal 3: if only DCI carrying feedback-disabled HARQ process is detected by UE, the UE should skip the codebook feedback.
Proposal 4: Type 2 HARQ-ACK codebook can be enhanced, and 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 5: For Type-3 HARQ codebook, enhancement should be considered to reduce the unnecessary overhead.
Proposal 6: The MAC-CEs are transmitted with enabled/disabled HARQ processes depending on the specific implementation of network operators.
Proposal 7: UE expects an SPS PDSCH release is transmitted using HARQ processes with feedback enabled.
Proposal 8: For NTN operation, the maximum level of slot aggregation to be considered could be 32 slots, but 16 is ok.
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