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In RAN1#106-e meeting, RAN1 made the following agreements related to the enhancements on 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 further discuss technical issues of the enhancements on HARQ based on the conclusions from previous RAN1 meetings.
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[bookmark: _Toc423020280][bookmark: _Ref37339923]Enhanced HARQ process ID indication
According to the agreements of previous RAN1 e-meetings, the maximal supported HARQ processes number for both DL and UL was increased to 32, and it was agreed that the HARQ process ID field is extended up to 5 bits for DCI formats 0_2/1-2 and DCI formats 0-1/1-1 as shown in section 1. 
As a remaining DCI formats, for DCI 0-0/1-0 (fallback DCI formats), it is not desirable to be based on time window-based method (e.g. option 1/1-a [2]) for the HARQ process indication, since it would result in significant scheduling restriction and thus degrade performance. Reusing one bit from other bit field would not also be feasible due to characteristic of fallback DCI formats and this approach will cause some restrictions such as coupling between configuration of 32 HARQ processes and HARQ-ACK feedback disabling which may reduce system configuration flexibility in terms of NTN system operation. Overall, we think the same solution as agreed in the other DCI formats can be also applied for fallback DCI formats, if 32 HARQ processes are configured for NTN UEs.
Proposal 1. For DCI 0-0/1-0, extend the HARQ process ID field up to 5bits by higher layer signaling

HARQ-ACK codebook enhancements
In RAN1#105 e-meeting, RAN1 made an agreement for type-2 HARQ codebook in NTN that the C-DAI and T-DAI are the count of only feedback-enabled processes. However, there are still remaining issues on HARQ-ACK codebook enhancements particularly for other HARQ codebook types.
For Type-1 HARQ-ACK codebook, two options (“no enhancement” Vs “reducing codebook size with criteria”) were mainly discussed in last RAN1 meeting [2]. Although the option with “no enhancement” is workable for NTN type-1 HARQ-ACK codebook, we think the optimization with the minimized codebook overhead for some specific cases is desirable since there can be the case in NTN where HARQ-ACK feedback is not at least necessary due to the configuration of HARQ-ACK feedback disabling. So, it should be supported to skip the HARQ-ACK feedback associated with PDSCH occasions if the PDSCHs on only disabled HARQ processes are transmitted. For the other cases, current type-1 HARQ-ACK codebook can be adopted without specification change.
For Type-3 HARQ-ACK codebook, its introduction into specification was motivated by NR-U environment which shall accommodate the regulation related to the unlicensed frequency band (e.g. LBT). Although it was motivated by NR-U, it can be applicable to licensed band operation including NTN according to agreement in RAN1#103 e-meeting. Thus, similar with type-1 HARQ-ACK codebook, the potential improvement of type-3 HARQ-ACK codebook would be to skip the HARQ-ACK feedback associated with PDSCH occasions if the PDSCHs on only disabled HARQ processes are transmitted.
Proposal 2. For both type-1 and type-3 HARQ-ACK codebook, it is supported for UE to skip the HARQ-ACK feedback associated with PDSCH occasions if only DCI carrying feedback-disabled HARQ process is detected by UE. 

For Type-2 HARQ-ACK codebook, in RAN1#105 e-meeting, it was agreed that 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 remaining issues, it was discussed that whether DCI for SPS release and any other DCIs are included in counting of C-DAI and T-DAI.
Regarding other DCIs for counting of C-DAI and T-DAI, it seems to be necessary to discuss for the case where PDSCH on feedback enabled HARQ process is scheduled by DCI format 1_2 and the PDSCH scheduled by DCI format 1_2 has no DAI field which means no multiplexing in Type-2 HARQ-ACK codebook [3][4]. In this case, we think it is intended for gNB to schedule the DCI format 1_2 with no DAI field even on feedback enabled HARQ process so that the UE does not expect to multiplex in a Type-2 HARQ-ACK codebook HARQ-ACK information that is in response to a detection of the DCI format 1_2 that does not include a DAI field. Therefore, it seems be reasonable to follow current Rel-16 UE behaviour for this specific case. 
Proposal 3. For type-2 HARQ-ACK codebook, it is supported that UE does not expect to multiplex in Type-2 HARQ-ACK codebook HARQ-ACK information that is in response to a detection of the DCI format 1_2 that does not include a DAI field.

For SPS release for HARQ-ACK feedback, it seems there is no configuration of HARQ-feedback disabling for PDCCH indicating SPS release since there is no the associated HARQ process ID for which HARQ-ACK feedback disabling can be configured. Since it is important to share same understanding of SPS release between gNB and UE, the HARQ-ACK feedback for the SPS release should be always necessary. So, it seems be straightforward for a UE to perform the HARQ-ACK feedback associated with PDCCH indicating SPS release. However, if in some cases (e.g. GEO NTN) the HARQ-ACK feedback disabling is necessary to be configured even for the SPS release, then additional RRC parameter may be defined for further flexibility.
Proposal 4. For SPS release for HARQ-ACK feedback, it is proposed to always perform the HARQ-ACK feedback corresponding to the PDCCH indicating SPS release.

Validation of skipping HARQ-ACK feedback for disabling HARQ
According to Rel-16 NR specification [6], PUCCH resource indication field (3bits) in DCI format 1_0 and 1_1 is always present while that field size in DCI format 1_2 is determined by higher layer parameter numberOfBitsForPUCCH-ResourceIndicatorDCI-1-2. For NTN, depending on the discussion related to the HARQ-ACK codebook enhancement, the HARQ-ACK feedback may be skipped if only PDSCH(s) on HARQ process(es) with HARQ-ACK feedback disabling are scheduled and associated with same UL slot for the HARQ-ACK feedback. However, if HARQ-ACK feedback skipping is only relied on UE’s PDSCH receptions only on HARQ process(es) with HARQ-ACK feedback disabling, it may not guarantee gNB’s intention about the HARQ-ACK feedback transmission due to missing PDCCH. So, additional explicit signaling by existing DCI field (i.e. PUCCH resource indication field) can be indicated to the UE for better HARQ-ACK feedback.
If that functionality is supported, PUCCH resource indication field may be useless for that case due to PUCCH Tx skipping. However, in our view, for that case, if a gNB indicates explicitly to skip the PUCCH transmission by using the PUCCH resource indication field for a UE, it would ensure to stable PUCCH transmission or skipping operation at a UE side, regardless of whether the UE evaluates all the received PDSCH are only associated with HARQ processes with HARQ-ACK FB disabling. Accordingly, better HARQ feedback operation for NTN can be shown.
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Figure 1. Example of PUCCH resource indication for disabling HARQ
Figure 1 shows one example to skip HARQ-ACK feedback if all received PDSCHs on HARQ processes which are indicated to same PUCCH slot for HARQ-ACK FB are scheduled and the HARQ processes are configured with disabled HARQ-ACK feedback by higher layer signaling. In this case, to further ensure the same understanding on HARQ-ACK feedback (PUCCH) between gNB and UE, the gNB can indicate the explicit HARQ-ACK feedback indication by reusing PUCCH resource indication field in DCI formats. In order to explicitly signal HARQ-ACK feedback skipping by PUCCH resource ID, new value (e.g. “-1” similar with dl-DataToUL-ACK parameter) of pucch-ResourceId obtained from resourceList parameter can be defined. Thus, if gNB schedules PDSCHs on HARQ processes with HARQ-feedback disabling like Figure 1, PUCCH resource indication field having the configured new PUCCH resource ID in DCI format can be used to indicate skipping HARQ-ACK feedback transmission as seen 1st PUCCH resource ID in following Table 9.2.3-2 of TS 38.213.
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Proposal 5. It is proposed to support explicit DCI signaling for skipping HARQ-ACK feedback by reusing PUCCH resource indication field in the DCI.

SPS PDSCH enhancement for disabling HARQ
According to Section 5.1 in [5], if more than one SPS PDSCH on a serving cell are in a slot, a UE receives one or more SPS PDSCH in the slot as specified below:
· Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
· Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
· Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q.
· Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast PDSCHs in a slot supported by the UE
That is, there can be multiple SPS PDSCH configurations in a slot on a serving cell depending on multiple SPS configurations for a UE. If that case is happened, then above specified steps for the SPS PDSCH selection shall be performed to meet the UE capability related to the maximal number of PDSCH decoding in a slot. Based on value of RRC parameter sps-ConfigIndex, the SPS PDSCH with lowest configured sps-ConfigIndex within Q set is prioritized/selected firstly as survivor PDSCH. 
Meanwhile for NTN, one possible enhancement under this aspect is to consider whether there are SPS PDSCH on a HARQ process with enabling HARQ-ACK feedback, when a UE selects the survivor PDSCH among multiple SPS PDSCHs within Q set in a slot. That is, in Step 1 above, a UE can receives one PDSCH with the lowest configured sps-ConfigIndex on HARQ process with HARQ-ACK feedback enabling among Q set. The only difference from current NR specification is to select firstly SPS PDSCH decoding with HARQ-ACK feedback enabling among Q set because it would ensure firstly decoding SPS PDSCH with HARQ-ACK feedback enabling than that of HARQ-ACK feedback disabling so that it can avoid to drop the decoding SPS PDSCH with HARQ-ACK feedback enabling which reduce the latency due to the large RTT. Accordingly, it would provide better SPS PDSCH performance for NTN. 
[image: ]
Figure 2. SPS PDSCH selection for decoding among multiple SPS configurations within a slot
Figure 2 shows one example related to SPS PDSCH selection in a slot for NTN if more than one SPS PDSCH on a serving cell are in a slot. It is assumed that 4 SPS PDSCH configurations are in a slot and a UE has 2 PDSCH decoding capability in a slot. Followings are SPS configurations and HARQ-ACK feedback configurations in the Figure 2:
-	SPS#0 (SPS configuration index 0), HP#0 (HARQ process index 0), HARQ FB disabled
-	SPS#1 (SPS configuration index 1), HP#0 (HARQ process index 1), HARQ FB enabled
-	SPS#2 (SPS configuration index 2), HP#0 (HARQ process index 2), HARQ FB enabled
-	SPS#3 (SPS configuration index 3), HP#0 (HARQ process index 3), HARQ FB disabled
In this example, SPS#1 is firstly selected as the survivor SPS PDSCH by step 1 with proposed enhancement (i.e. additional consideration of HARQ-ACK feedback enabling for the SPS PDSCH) since it has lowest SPS configuration index and HARQ FB enabled among 4 SPS configuration in a slot. And then by step 2, the survivor SPS#1 in step 1 and any other PDSCH (i.e. SPS#0) overlapping (even partially) with the survivor SPS#1 in step 1 are excluded from Q set. For the remaining SPS PDSCHs (SPS#2, SPS#3) within Q set, same Step 1 and 2 are repeated and then finally SPS#2 is selected as the survivor SPS in addition to SPS#1. 
[bookmark: _Hlk78978026]In summary, in order to ensure better SPS PDSCH performance with HARQ FB enabling for NTN, SPS PDSCH with HARQ FB enabling with lowest configured sps-ConfigIndex should be firstly selected/prioritized when more than one SPS PDSCH configurations are in a slot and over than UE PDSCH decoding capability in a slot.
Proposal 6. It is proposed to support that SPS PDSCH with HARQ FB enabling with lowest configured sps-ConfigIndex should be firstly selected/prioritized when more than one SPS PDSCH configurations are in a slot 

Conclusion
In this contribution, we focus on technical design issues related to timing relationship and enhancements. Observations and proposals are as followings:
Proposal 1. For DCI 0-0/1-0, extend the HARQ process ID field up to 5bits by higher layer signaling 
Proposal 2. For both type-1 and type-3 HARQ-ACK codebook, it is at least supported to skip the HARQ-ACK feedback associated with PDSCH occasions if the PDSCHs on only disabled HARQ processes are transmitted. 
Proposal 3. For type-2 HARQ-ACK codebook, it is supported that UE does not expect to multiplex in Type-2 HARQ-ACK codebook HARQ-ACK information that is in response to a detection of the DCI format 1_2 that does not include a DAI field.
Proposal 4. For SPS release for HARQ-ACK feedback, it is proposed to always perform the HARQ-ACK feedback corresponding to the PDCCH indicating SPS release.
Proposal 5. It is proposed to support explicit DCI signaling for skipping HARQ-ACK feedback by reusing PUCCH resource indication field in the DCI.
Proposal 6. It is proposed to support that SPS PDSCH with HARQ FB enabling with lowest configured sps-ConfigIndex should be firstly selected/prioritized when more than one SPS PDSCH configurations are in a slot 
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Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH
resource set with maximum 8 PUCCH resources
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