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Introduction
In the previous RAN1 meetings, HARQ enhancements in NTN were discussed. We will further discuss the enhancements in this contribution.
Discussion
Enhanced HARQ process ID indication
The following agreements have been reached for HARQ process indication in the previous meetings:
 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 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 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

It is possible the network is TN or NTN has not been identified yet while DCI 0-0/1-0 is to be detected in the initial access procedure. As a result, if option 2 is used how to interpret the reused bit is undetermined. Then, option 4 would be prioritized. If TN/NTN identification is finished before initial access, option 2 is preferred to provide 32 HARQ processes scheduling while scheduling flexibility impacts could be marginal. 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.
Proposal 1: For DCI 0-0/1-0, option 2 is preferred if TN/NTN identification is finished before initial access. Otherwise, option 4 is to be prioritized.
HARQ codebook enhancements
Type-1 HARQ-ACK codebook
For Type-1 HARQ-ACK codebook in NTN, the following agreements were reached in the previous meetings:
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 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.

If no DCI is detected by UE, or only DCI carrying feedback-enabled HARQ process is detected by UE,           the legacy UE behavior could be kept. 
If DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, the two candidate options each have pros and cons according to the previous discussion and summarized below:
· Option-1: The UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.
· Pros:
(1) Possible HARQ-ACK performance improvements for the feedback-enabled HARQ processes due to some pre-known bits.
(2) Keep the agreed rule of processing time for feedback-disabled HARQ processes scheduling
· Cons:
The NACK bits are unuseful for HARQ retransmission while consumes UE power and UL resources and cause undesirable interference.
· 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.
· Pros:
(1) HARQ-ACK of disabled HARQ processes facilitates link adaptation.
(2) Less specification impacts about the HARQ-ACK codebook construction.
· Cons:
Further discussions about the rule of processing time for feedback-disabled HARQ processes may be needed.
To our understanding, the size of Type-1 HARQ-ACK codebook depends on the candidate PDSCH receptions. Once Type-1 HARQ-ACK codebook is configured, the corresponding performance with the current HARQ-ACK codebook size could be acceptable and possible HARQ-ACK performance improvements with option 1 would be over designed. On the contrary, more information could be provided with option 2 than option 1 to assist link adaptation. Furthermore, there could be no impacts on the processing timeline since how to use the reported HARQ-ACK corresponding to feedback-disabled HARQ process depends on gNB.
Proposal 2: For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, option 2 is supported.
If only DCI carrying feedback-disabled HARQ process is detected by UE, the pros and cons of the two candidate options were discussed as below:
· 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
· Pros:
(1) The existing UE behavior about HARQ-ACK construction could be kept.
(2) Robust to have consistent HARQ-ACK codebook between gNB and UE when DCI carrying feedback-enable HARQ process is unsuccessfully detected.
· Cons:
Unnecessary UL power and UL resources consumptions and unnecessary interference when the reported HARQ-ACK is not used
· 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.
· Pros: 
Avoid UE power and UL resources consumptions and unnecessary interference
· Cons:
When DCI carrying feedback-enable HARQ process is unsuccessfully detected, gNB expects HARQ-ACK feedback while UE does not construct HARQ-ACK codebook at all. If gNB expects HARQ-ACK feedback in PUSCH, it is possible UL-SCH detection would be impacted due to misaligned UCI payload assumption 
To our opinion, skipping HARQ-ACK report for the disabled processes is efficient considering the UL overload and resource consumption. For the ambiguity assumption about HARQ-ACK size between gNB and UE due to unsuccessful DCI detection for a feedback-enable HARQ process, gNB could assume the HARQ-ACK is NACK and have retransmission scheduling for the HARQ process as usual. The ambiguity assumption may cause UL-SCH misdetection if the HARQ-ACK codebook is transmitted through PUSCH, the corresponding solution in Rel-15/16 CR could be reused.
Proposal 3: For Type-1 HARQ-ACK codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, option 2 is supported when the feedback is carried by PUCCH. If the HARQ-ACK codebook is transmitted through PUSCH, the corresponding solution in Rel-15/16 CR could be reused.
Type-2 HARQ-ACK codebook
Up to now, there are the following agreements for Type-2 HARQ-ACK codebook in NTN.
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:
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.

For the DCI of PDSCH with feedback-disabled HARQ processes, two candidate options are to be down selected. For option 1, there are possible improvements on determination of DCI misdetection for feedback-enabled HARQ processes especially for the case that DCI missing in the last slot of the [image: ] occasion. However, additional specification impacts would be introduced. Since only HARQ-ACK of PDSCH with feedback-enabled HARQ processes is included in Type-2 HARQ codebook, the robustness of HARQ-ACK codebook size determination with the C-DAI and T-DAI in DCI for feedback-enabled processes is the same as in a territorial network. To our opinion, additional enhancements than a territorial network is unnecessary. With option 2, the C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation. The bit fields of C-DAI and T-DAI could be reused for other indications. 
Alternatively, we would prefer HARQ-ACK feedback related bit fields including C-DAI/T-DAI are removed from the DCI with a feedback-disabled HARQ process. 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 the DCI of PDSCH with feedback-disabled HARQ processes, the C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.
Proposal 5: For Type-2 HARQ-ACK codebook, HARQ-ACK feedback related bit fields including C-DAI/T-DAI, “PDSCH-to-HARQ_feedback timing indicator”, “PUCCH resource indicator” are not included in the DCI with a feedback-disabled HARQ process.
Discussion on SPS issue
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 6: 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.
For SPS PDSCH, the corresponding enable/disable of HARQ-ACK feedback includes three options:
· 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.
· Option-3: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.
For DL SPS, 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 are separated in different preconfigured HARQ process ID subsets. In Rel.16, more than one DL SPS 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 7: Enabling/disabling of HARQ feedback for DL SPS is configured per configuration by RRC 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 8: Provide higher priority order for the HARQ disabled transmission than the priority order for HARQ enabled transmission.
Restriction on HARQ feedback disabling
In the previous meetings, it was agreed that “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 9: UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.
Conclusion
In this contribution, we discussed possible enhancements on HARQ in NTN. The following proposals are reached:
[bookmark: _GoBack]Proposal 1: For DCI 0-0/1-0, option 2 is preferred if TN/NTN identification is finished before initial access. Otherwise, option 4 is to be prioritized.
Proposal 2: For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, option 2 is supported.
Proposal 3: For Type-1 HARQ-ACK codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, option 2 is supported when the feedback is carried by PUCCH. If the HARQ-ACK codebook is transmitted through PUSCH, the corresponding solution in Rel-15/16 CR could be reused.
Proposal 4: For the DCI of PDSCH with feedback-disabled HARQ processes, the C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.
Proposal 5: For Type-2 HARQ-ACK codebook, HARQ-ACK feedback related bit fields including C-DAI/T-DAI, “PDSCH-to-HARQ_feedback timing indicator”, “PUCCH resource indicator” are not included in the DCI with a feedback-disabled HARQ process.
Proposal 6: 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 7: Enabling/disabling of HARQ feedback for DL SPS is configured per configuration by RRC configuration.
Proposal 8: Provide higher priority order for the HARQ disabled transmission than the priority order for HARQ enabled transmission.
Proposal 9: UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.
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