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Introduction
In the previous RAN1 meeting, HARQ enhancements in NTN were discussed and the following agreements were reached [1]:Agreement:
For enhancement on the HARQ process indication, extend the HARQ process ID field up to 5 bits for DCI 0-2/1-2.
Agreement:
For Type-2 HARQ codebook in NTN,
· For the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are the count of only feedback-enabled processes
· FFS: Whether DCI for SPS release and any other DCIs are included in counting of C-DAI and T-DAI
Agreement:
Confirm the previous working assumption for X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.
Agreement:
For enhancement on the HARQ process indication at least for DCI 0-1/1-1, the Option-1 and Option-1a are lower priority for further discussion.
Agreement:
Discussion of enhancement(s) on the aggregated transmission (including repetition) is prioritized to improve the performance in NTN.

In this contribution, we will further discuss the enhancements on HARQ in NTN.
Discussion
Enhanced HARQ process ID indication
It has been agreed to extend the HARQ process ID field up to 5 bits for DCI 0-2/1-2. For DCI 0-1/1-1/0-0/1-0, option-1 and option-1a are lower priority for further discussion and the following options were discussed:
· For DCI 0-1/1-1, one of following is considered
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
· For DCI 0-0/1-0, one of following is considered
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
With option 2, the bit field of HARQ process ID could be kept. On the other hand, with one bit reused, scheduling flexibility would be inevitably impacted to some extent. Whether option 2 is acceptable depends on the impacts on the scheduling flexibility. With option 3, performance and specification impacts could be marginal. 
To our opinion, option 2 is acceptable for DCI 0-1/1-1 if scheduling flexibility is not impacted much. For example, the bit field of TPC command for PUCCH/PUSCH could be considered since the transmit power adjustment in NTN could be infrequent and there is DCI format 2-3 as complementary way for power control. Option 3 is also acceptable from our point of view for DCI 0-1/1-1.
It was discussed that DCI 0-0/1-0 would be used in the initial access procedure when it is possible the network is TN or NTN has not been identified yet. Therefore, how to interpret the reused bit with option 2 or how to decide the length of DCI with option 3 would be both undetermined for DCI 0-0/1-0. To our opinion, if DCI 0-0/1-0 is used during TN/NTN identification period, it is proposed to keep the current 4 bits with no extension of HARQ process number. Otherwise, if TN/NTN identification is finished before initial access, it is proposed to have unified solution for DCI 0-0/1-0 as DCI 0-1/1-1.
Proposal 1: For DCI 0-1/1-1, option 2 is used if scheduling flexibility is not impacted much. Reusing the bit field of TPC command for PUCCH/PUSCH is preferred. Otherwise, option 3 is also acceptable. 
Proposal 2: For DCI 0-0/1-0, if it is used during TN/NTN identification period, keep the current 4 bits with no extension of HARQ process number. Otherwise, unified solution for DCI 0-0/1-0 as DCI 0-1/1-1.
HARQ codebook enhancements
Type-1 HARQ-ACK codebook
For enhancements on type-1 HARQ-ACK codebook, it was proposed that “the UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded”. 
From the HARQ procedure point of view, HARQ-ACK codebook could be not expected by gNB since no feedback-enabled PDSCH is transmitted. If gNB and the UE have consensus that HARQ-ACK is present or not in this situation, the corresponding uplink resources could be rescheduled for other UL transmission. Besides, specification efforts for this could be marginal. As a result, the proposal could be supported.
Proposal 3: For Type-1 HARQ-ACK codebook, the UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded.
Type-2 HARQ-ACK codebook
It has been agreed only HARQ-ACK of PDSCH with feedback-enabled HARQ processes is included in Type-2 HARQ codebook. For the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are the count of only feedback-enabled processes. For the DCI of PDSCH with feedback-disabled HARQ process, there were several options about the C-DAI and T-DAI:
· Option-1: The C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented 
· Option-2: The C-DAI and T-DAI are a reserved value that can be ignored by the UE 
· Option-3: The C-DAI/T-DAI are the count of feedback-disabled processes
· Option-4: The C-DAI is a reserved value that can be ignored by the UE and T-DAI is the count of feedback-enabled processes despite it not incremented.
To our observation, besides C-DAI/T-DAI, there are other bit fields about HARQ-ACK feedback in the DCI formats for DL scheduling, like “PDSCH-to-HARQ_feedback timing indicator”, “PUCCH resource indicator”, and etc. For the HARQ process which HARQ is disabled, the indication of these bit fields would be invalid. The redundancy of DCI format for scheduling of disabled HARQ process would make the system inefficient. Therefore, it is proposed for Type-2 HARQ-ACK codebook, HARQ-ACK feedback related bit fields are not included in the DCI with a feedback-disabled HARQ process.
Proposal 4: For Type-2 HARQ-ACK codebook, HARQ-ACK feedback related bit fields including C-DAI/T-DAI are not included in the DCI with a feedback-disabled HARQ process.
HARQ-ACK feedback for SPS release is to avoid inconsistent assumptions about whether the UE would keep detecting SPS PDSCH on the predefined resources. The principle is different from HARQ-ACK feedback disable/enable in the HARQ procedure. As a result, the HARQ-ACK feedback disable for SPS PDSCH does not translates into SPS release HARQ-ACK feedback disable. The count of C-DAI and T-DAI in SPS release PDCCH should be kept even it is to release HARQ-ACK feedback-disabled HARQ process. In addition, it is noticed that there is no special HARQ-ACK feedback for SPS activation PDCCH in the current specification. Once HARQ-ACK or the first SPS PDSCH is received, gNB could assume SPS activation PDCCH is acknowledged by the UE. When HARQ-ACK feedback for the SPS PDSCH is disabled, it is proposed to also include HARQ-ACK for SPS activation PDCCH to have consistent assumptions about whether the SPS is activated at gNB and UE side. Correspondingly, the count of C-DAI and T-DAI in SPS activation PDCCH should be kept.
Proposal 5: For Type-2 HARQ-ACK codebook, the count of C-DAI and T-DAI in SPS activation/release PDCCH is kept when it is for HARQ-ACK feedback-disabled HARQ processes.
Type-3 HARQ-ACK codebook
For Type-3 HARQ-ACK codebook, it was proposed the UE should not generate and send HARQ-ACK for a feedback-disabled HARQ processes. This proposal seems acceptable with HARQ-ACK disable principle. However, whether Type-3 HARQ-ACK should be supported in NTN has not been justified since it is an optional UE feature in shared spectrum operation and the benefits comparing with Type-2 HARQ-ACK codebook is undetermined. To our opinion, if no more specification efforts are identified to support Type-3 HARQ-ACK codebook, it could be used as a complement way.
Proposal 6: Type-3 HARQ-ACK codebook could be used as a complement way if no more specification requirements are identified than removing HARQ-ACK for feedback-disabled HARQ processes in the codebook.
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HARQ-ACK feedback for MAC CE command
In the previous meeting, there is agreement of “Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling”. The transmission reliability of MAC CE delivery should be guaranteed. In addition, MAC CE command validation procedure depends on the HARQ-ACK timing of the corresponding PDSCH. We think it is acceptable to have the assumption that the UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled. Otherwise, it is necessary to further considering MAC CE command validation rules without the corresponding HARQ-ACK timing.
Proposal 7: At least one DL HARQ process with HARQ-ACK feedback enabled is configured for the scheduling of MAC-CE.
HARQ-ACK feedback for SPS PDSCH
For DL SPS or UL configured grant, there is no bit field for HARQ process ID indication in DCI and the HARQ process ID is calculated by the location of transmission resource in time domain. It is possible that HARQ processes in one DL SPS/UL CG configuration are separated in different preconfigured HARQ process ID subsets. In Rel.16, more than one DL SPS/UL CG is supported to support different kinds of service type. It would be strange that in one DL SPS/UL CG configuration some of the transmissions are HARQ-ACK disabled and some of the transmissions are HARQ-ACK enabled. Therefore, it is improper to decide HARQ-ACK disable/enable state of one HARQ process through the configured HARQ process ID subset since one DL SPS/UL CG configuration is usually used for one service type. It is proposed that enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration. 
Proposal 8: Enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration.
Performance enhancements on the HARQ-ACK disabled transmission
For UL transmission, the priority of simultaneous UL channels should be considered. In the current specification [3], if the total UE transmit power on serving cells in a respective transmission occasion [image: ] would exceed the configured UE maximum transmit power, the UE allocates power to the UL channels according to predefined priority order. To enhance the performance of disabled HARQ PUSCH transmission, it is proposed to provide higher priority order for the HARQ disabled transmission than the priority order provided for the HARQ enabled transmission.
Proposal 9: Provide higher priority order for the HARQ disabled transmission than the priority order for HARQ enabled transmission.
Conclusion
In this contribution, we discussed possible enhancements on HARQ in NTN. The following proposals are reached:
Proposal 1: For DCI 0-1/1-1, option 2 is used if scheduling flexibility is not impacted much. Reusing the bit field of TPC command for PUCCH/PUSCH is preferred. Otherwise, option 3 is also acceptable. 
Proposal 2: For DCI 0-0/1-0, if it is used during TN/NTN identification period, keep the current 4 bits with no extension of HARQ process number. Otherwise, unified solution for DCI 0-0/1-0 as DCI 0-1/1-1.
Proposal 3: For Type-1 HARQ-ACK codebook, the UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded.
Proposal 4: For Type-2 HARQ-ACK codebook, HARQ-ACK feedback related bit fields including C-DAI/T-DAI are not included in the DCI with a feedback-disabled HARQ process.
Proposal 5: For Type-2 HARQ-ACK codebook, the count of C-DAI and T-DAI in SPS activation/release PDCCH is kept when it is for HARQ-ACK feedback-disabled HARQ processes.
Proposal 6: Type-3 HARQ-ACK codebook could be used as a complement way if no more specification requirements are identified than removing HARQ-ACK for feedback-disabled HARQ processes in the codebook.
Proposal 7: At least one DL HARQ process with HARQ-ACK feedback enabled is configured for the scheduling of MAC-CE.
Proposal 8: Enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration.
Proposal 9: Provide higher priority order for the HARQ disabled transmission than the priority order for HARQ enabled transmission.
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