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Introduction
In the previous RAN1 meetings, HARQ enhancements in NTN were discussed. We will further discuss the remaining issues in this contribution.
Discussion
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 discussions and summarized as 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.
(3) Possible HARQ buffer management improvements.
· Cons:
The NACK bits are unused 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.
For option 1, possible HARQ-ACK performance improvements were stated with the assistance of pre-known NACK bits. However, once Type-1 HARQ-ACK codebook is configured, the corresponding performance with the current HARQ-ACK codebook size could be acceptable. Then, the possible HARQ-ACK performance improvements would be over designed. If we really enjoy this benefit, possible PUCCH transmit power reduction with the improved decoding performance could be considered. The  in the PUCCH transmit power determination reflects the impacts of UCI code rate. With the pre-known NACK in option 1 to improve the decoding performance, the  could be reduced.
For option 2, HARQ-ACK of disabled HARQ processes could be used 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. gNB could ignore the HARQ-ACK of disabled HARQ processes when make scheduling determination.
Proposal 1: For Type-1 HARQ codebook, 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.
If only DCI carrying feedback-disabled HARQ process is detected by UE, the discussed options are as listed below.
· Option-1: 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.
· Option-1a: the UE should skip the HARQ codebook feedback when it is not multiplexed with other feedback in the same UCI.
· Option-2: The UE’s behavior is same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE
For option 1, it is beneficial to avoid UE power and UL resources consumptions and unnecessary interference since gNB would ignore the feedback for scheduling. However, when there is 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 there are other UCIs multiplexed with HARQ-ACK, the ambiguity assumption about HARQ-ACK size in option 1 would further impact other UCIs reception. With option 1a, the impacts on other UCI reception could be decreased for the HARQ-ACK size ambiguity. For option 2, the existing UE behavior about HARQ-ACK construction could be kept. Besides, it is robust to have consistent HARQ-ACK codebook between gNB and UE when DCI carrying feedback-enable HARQ process is unsuccessfully detected. On the other hand, there would be unnecessary UL power and UL resources consumption and unnecessary interference while the reported HARQ-ACK is not used.
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 if HARQ-ACK is not multiplexed with other UCI. If there are other UCI to be multiplexed with HARQ-ACK while only DCI carrying feedback-disabled HARQ process is detected, the HARQ-ACK feedback would be not skipped as option 1a stated.
Proposal 2: For Type-1 HARQ-ACK codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, the UE should skip the codebook feedback when it is not multiplexed with other feedback in the same UCI (option 1a).
Discussion on SPS issue
HARQ-feedback configuration for SPS PDSCH
For HARQ-feedback configuration for SPS PDSCH, there are 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.
It is to be clarified that whether the configuration of HARQ-feedback for SPS PDSCH is separated or unified with the configuration for DG-PDSCH. Generally speaking, SPS PDSCH and DG-PDSCH each fits for different kinds of data service. Considering the requirements variation of data service for one UE, the requirements about the number of HARQ processes for DG-PDSCH scheduling and SPS PDSCH scheduling is different for most of the cases. Moreover, the requirements about the number of HARQ processes for enable/disable HARQ-feedback about DG-PDSCH and SPS PDSCH scheduling is also different for most of the cases. If unified configuration is used for both SPS-PDSCH and DG-PDSCH, much restriction would be introduced which would make the scheduling inflexible and resource usage inefficient. Therefore, it is desirable to assume the HARQ-feedback configuration of SPS PDSCH is separated with that for DG-PDSCH.
Observation 1: The HARQ-feedback configuration for SPS PDSCH should be separated by the HARQ-feedback configuration for DG-PDSCH.
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. If more than one HARQ process is configured for one SPS, different HARQ process ID would be used within this SPS according to the PDSCH transmission occasion. If the HARQ-feedback configuration for these HARQ IDs is different, the data performance would vary within one service. This would be much undesirable. Therefore, it is proposed HARQ-feedback configuration for DL SPS is configured per SPS.
Proposal 3: HARQ-feedback configuration for DL SPS is configured per SPS by RRC.
HARQ-feedback about SPS PDSCH activation
In the previous meeting, the following agreement was agreed.
Agreement:
For DCI indicating SPS PDSCH release, HARQ-ACK report is as in Rel-16.

For SPS PDSCH activation transmission, the procedure includes two parts: the DCI carrying the activation message and the first SPS PDSCH. After the two parts are transmitted by gNB, there are three cases about the acknowledgement of the two parts at UE side which is listed in the Table.1 below.
Table. 1 Acknowledgement about DCI indicating SPS activation and the first SPS PDSCH
	
	DCI carrying the activation
	the first SPS PDSCH

	Case -1
	ACK
	ACK

	Case -2
	ACK
	NACK

	Case -3
	NACK
	NACK


If only one HARQ-ACK bit is reserved in the HARQ-ACK codebook for the SPS PDSCH activation as usual, the three cases could not be distinguished. If the reserved HARQ-ACK bit is used for the first SPS PDSCH acknowledgement indication and NACK is reported, gNB could not decide the SPS PDSCH is not activated (Case-3), or the SPS PDSCH is activated while the first SPS PDSCH is wrongly decoded (Case-2). If SPS PDSCH HARQ-feedback is enabled, gNB is possible to decide whether the DCI carrying the activation is missed according to the following HARQ-ACK codebook detection which corresponds to the second SPS PDSCH, the third PDSCH,…, and etc. When SPS PDSCH HARQ-feedback is disabled, the impacts of gNB ambiguity would be much severer since gNB would have no further information about HARQ-ACK feedback for the SPS PDSCH. Consequently, it is possible that gNB would keep SPS PDSCH transmission while UE never detects the transmissions. Therefore, it is proposed to try to get consistent assumptions about whether the SPS is activated at gNB and UE side when HARQ-feedback is disabled for SPS PDSCH. 
Proposal 4: Try to get consistent assumptions about whether the SPS is activated at gNB and UE side when HARQ-feedback is disabled for SPS PDSCH.
If the reserved bit for HARQ-feedback about SPS PDSCH activation is used for the acknowledgement of DCI carrying the activation, gNB could at least distinguish Case-1/Case-2 from Case-3. Then gNB and UE could have consistent assumptions about whether the SPS is activated. As a result, it is proposed that HARQ-feedback about SPS PDSCH activation corresponds to DCI carrying the activation when HARQ-feedback is disabled for SPS PDSCH. For Type-2 HARQ-ACK codebook, DAI should be increased in the DCI indicating SPS activation.
Proposal 5: For SPS PDSCH activation, HARQ-ACK corresponds to the DCI carrying the activation is reported when HARQ-feedback is disabled for the SPS PDSCH. For Type-2 HARQ-ACK codebook, DAI should be increased in the DCI indicating SPS activation.
Conclusion
In this contribution, we discussed possible enhancements on HARQ in NTN. The following proposals are reached:
Proposal 1: For Type-1 HARQ codebook, 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 2: For Type-1 HARQ-ACK codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, the UE should skip the codebook feedback when it is not multiplexed with other feedback in the same UCI (option 1a).
Observation 1: The HARQ-feedback configuration for SPS PDSCH should be separated by the HARQ-feedback configuration for DG-PDSCH.
Proposal 3: HARQ-feedback configuration for DL SPS is configured per SPS by RRC.
Proposal 4: Try to get consistent assumptions about whether the SPS is activated at gNB and UE side when HARQ-feedback is disabled for SPS PDSCH.
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