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1. Introduction
This contribution mainly discusses the potential HARQ and scheduling enhancements for NR-NTN systems. 
2. HARQ disabling 
2.1. Configuration of HARQ enabling/disabling 
In previous RAN1 meetings, the following agreement regarding HARQ enabling/disabling was made.
	Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling




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. When a HARQ process of a UE is configured as disabling, it should be clarified whether the disabling of the HARQ process should be assumed for all the cases or not. For example, assume DL HARQ process 0 is configured as disabling for one UE via UE specific RRC signaling. If the UE receives a msg4 scheduling using this DL HARQ process 0, the behavior of the UE is not clear. One possible solution is to specify that UE is not expected to be scheduled with these kinds of transmissions with disabled HARQ processes. Another simple solution is to restrict the disabled HARQ configuration only apply to non-fallback DCI formats. Both solutions may bring scheduling restrictions for gNB.

Proposal 1: Clarify whether the configured disabling HARQ process should apply for all the cases or not. 

In previous RAN1 meeting, there were some discussions on HARQ enabling/disabling configuration for SPS PDSCH. In general, there are two views.
· Alt-1: Configuration of HARQ enabling/disabling per HARQ process also apply to SPS PDSCH.
· Alt-2: HARQ enabling/disabling for SPS PDSCH should be configured per SPS configuration.

For Alt-1, the advantage is that no need to introduce additional overheads to configure HARQ enabling/disabling. But it may lead to the case that some of the SPS PDSCHs correspond to enabled HARQ processes while some other of the SPS PDSCHs correspond to disabled HARQ processes in a same SPS PDSCH configuration. The motivation of this case is not clear. 

For Alt-2, it seems more reasonable that all the SPS PDSCHs are configured to correspond to enabled HARQ processes, or to correspond to disabled HARQ processes. Although extra configuration signal is needed, this method is preferred.
Proposal 2: HARQ enabling/disabling for SPS PDSCH should be configured per SPS configuration.

2.2. HARQ codebook enhancement
In previous RAN1 meetings, the following agreements regarding HARQ codebook enhancement were made.
	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. 

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 Type-1 HARQ-ACK codebook, if UE provides the NACK/ACK information to gNB for disabled DL HARQ processes, when gNB receives ACK for a disabled DL HARQ process, it can confirm the correct reception of DL packets by UE. When gNB receives NACK, it may re-schedule the unsuccessfully delivered DL packets by taking them as new packets. Although UE cannot benefit from the incremental redundancy by performing the combination of multiple transmission of the same packet and cannot achieve the HARQ combination gain, this scheduling mechanism is still beneficial to reducing the transmission latency without introducing additional overhead. In addition, the reported NACK/ACK information can help gNB to predict the channel state hence to select a proper scheduling scheme, e.g., CQI to the UE. 
Proposal 3: For Type-1 HARQ codebook, support Option-2: The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH.

Another discussion regarding UE behavior for Type-1 HARQ-ACK codebook generation is for the case that only DCI carrying feedback-disabled HARQ process is detected by UE. We think that this enhancement can be discussed but in our opinion without this enhancement, type 1 codebook is already workable. Since this optimization does not require new RRC parameters, we can prioritize on other more important issues. Moreover, for type-2 HARQ codebook, we are currently discussing the interpretation of C-DAI. We think the C-DAI interpretation should be unified between type-1 and type-2 HARQ codebook. 

Proposal 4: C-DAI interpretation for type-1 and type-2 HARQ codebook should be unified. 
For Type-2 HARQ-ACK codebook, it was agreed in previous meetings to reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes. For the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are the count of only feedback-enabled processes. One remaining issue is how to set the values of the C-DAI and T-DAI for the DCI of PDSCH with feedback-disabled HARQ processes. At the current stage, there are two options remained on the table, option 1 is to set the C-DAI and T-DAI count for the enabled HARQ process. While option 2 simply ignores the C-DAI and T-DAI when DCI schedules a disabled HARQ process. Given that the C-DAI and T-DAI bits are anyway in the DCI, making them useless is not a good idea. For this reason, we suggest to take advantage of the C-DAI and T-DAI when generating the type 2 codebook. 
Proposal 5: support 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.

Another FFS point is whether DCI for SPS release and any other DCIs, e.g., DCI for indicating SCell dormancy, are included in counting of C-DAI and T-DAI. It should be noted that the feedback corresponding to a DCI indicating SPS release or SCell dormancy is independent of HARQ process. More specifically, an ACK is always generated for a DCI indicating SPS release or SCell dormancy. In our view, Type-2 HARQ-ACK codebook generation should follow legacy rule as much as possible, i.e., DCI for SPS release and DCI for indicating SCell dormancy should be included in counting of C-DAI and T-DAI.

Proposal 6: For Type-2 HARQ codebook, DCI for SPS release and DCI for indicating SCell dormancy should be included in counting of C-DAI and T-DAI. 
Type-3 HARQ-ACK codebook is introduced in Rel-16 NR-U. It is used for one-shot HARQ-ACK feedback, and it includes HARQ-ACK information corresponding to all the HARQ processes of one UE for all the configured cells in a PUCCH group. Type-3 HARQ-ACK codebook can support retransmission of HARQ-ACK information for those which are failed initial transmission due to LBT failure in unlicensed band. We don’t have such issue in licensed band. On the other hand, since the payload is large, Type-3 HARQ-ACK codebook requires more allocated PUCCH RBs. In NR-U interlaced structure, one PUCCH resource includes at least ten RBs. But in licensed band, this resource allocation may be an issue. Therefore, we don’t see the benefits to support Type-3 HARQ-ACK codebook in NR-NTN and we think Type-3 HARQ codebook should not be supported.
Proposal 7: Type-3 HARQ codebook is not supported in NR-NTN and do not support type-3 HARQ codebook enhancement.  

3. Enhanced HARQ process ID indication 

In previous RAN1 meetings, the following agreement regarding enhanced HARQ process ID indication was made.
	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




If one UE is configured with 32 HARQ processes in RRC connected mode, it needs to discuss whether this configuration should be supported for fallback DCI formats, i.e., DCI format 0-0/1-0. Supporting 32 HARQ processes for fallback DCI formats means two kinds of interpretations for the DCI contents are required, and both gNB and UE should be aware of which kind of interpretation is used for HARQ process ID determination. The misalignment may happen during RACH procedure. For simplicity, no enhancement for DCI format 0-0/1-0 is preferred.

Proposal 8: Support Option 4: No enhancement for DCI format 0-0/1-0. 
4. PDSCH/PUSCH reliability enhancement 
In RAN1 meeting #106-e, the following agreement was made.
	Agreement: 

The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is [X]

· FFS: X = 8, 16 or 32




Enhancements to PDSCH/PUSCH transmission to have a higher reliability should be supported for HARQ disabling. Slot aggregation, blind retransmission or adopting low spectrum efficiency MCS table introduced in URLLC for PDSCH/PUSCH scheduling are candidate solutions to achieve lower BLER and enhance transmission reliability for disabled HARQ process. One possible enhancement to slot aggregation or blind repetitions is to dynamically indicate the repetition times. Another possible enhancement in slot-aggregation case is joint channel estimation by considering DMRSs located in multiple slots. Also, different aggregation factors can be configured for PDSCH reception with HARQ-ACK feedback or without HARQ-ACK feedback. Regarding the maximum number of supported aggregation factor for DL PDSCH, 16 is preferred.
Proposal 9: Configure different aggregation factors for PDSCH reception with or without HARQ-ACK feedback. 

· The maximum number of supported aggregation factor for DL PDSCH is 16.
5. Enhancement of PUSCH processing timeline 
5.1. Scheduling constraints for disabled HARQ process
In previous RAN1 meetings, the following agreement regarding scheduling constraints for disabled DL HARQ process was made.
	Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· Working assumption: X = T_proc,1
· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0

· Note: The TB of the two PDSCHs can be either same or different
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.




For a given disabled UL HARQ process, the Rel-15 scheduling constraint is not needed. The gNB may schedule one UE to transmit another PUSCH for a given disabled UL HARQ process before it receives the last PUSCH transmission for the same HARQ process. A new scheduling constraint similar to DL scheduling to ensure enough PUSCH preparation time between two PUSCH transmissions should be considered, as shown in Figure 1.
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Figure 1: PUSCH scheduling for a disabled HARQ process 0
Proposal 10: PUSCH transmission constraint for a given disabled UL HARQ process should be considered. 
5.2. PUSCH processing time 
In Rel-15 NR, the PUSCH processing time is defined as follows. 

	38.214: 
If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting 
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after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 


In NTN, considering the large propagation delay, for a disabled UL HARQ process, it is possible that a second scheduling DCI is transmitted earlier than the first PUSCH transmission. If that case supported, the Rel-15 PUSCH processing time should be updated, e.g., the starting point of Tproc,2 should be the end of the reception of the last symbol of either the PDCCH carrying the DCI scheduling the PUSCH or the last PUSCH transmission with the same HARQ process, depends on which comes later, as shown in Figure 2. 


[image: image3.emf]DCI 0

PUSCH 0

HARQ 0

DCI 1

PUSCH 1

HARQ 0

T

proc,2

 

[image: image4.emf]DCI 0

PUSCH 0

HARQ 0

DCI 1

PUSCH 1

HARQ 0

T

proc,2


Figure 2: PUSCH scheduling for disabled HARQ process 
Proposal 11: PUSCH processing time should be updated in NTN. 
6. Extension of K1 range 

In RAN1 meeting #104-e, the following agreement regarding extension of K1 range was made.
	Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 

FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.




The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI will impact the overhead of a HARQ-ACK codebook in a PUCCH. In legacy spec, at most 8 K1 values can be configured within the range of (0..15). When the range of K1 is extended from (0..15) to (0..31), the overhead of the HARQ-ACK codebook should not be increased and the same maximum bit-width of the PDSCH-to-HARQ_feedback timing indicator field in DCI should be reused.
Proposal 12: The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI should not be changed. 
7. Conclusion

In this contribution the potential HARQ and scheduling enhancements for NTN systems are discussed. The following proposals are made. 
For HARQ disabling configuration and HARQ-ACK codebook generation:
Proposal 1: Clarify whether the configured disabling HARQ process should apply for all the cases or not. 

Proposal 2: HARQ enabling/disabling for SPS PDSCH should be configured per SPS configuration.

Proposal 3: For Type-1 HARQ codebook, support Option-2: The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH.
Proposal 4: C-DAI interpretation for type-1 and type-2 HARQ codebook should be unified. 

Proposal 5: support 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.

Proposal 6: For Type-2 HARQ codebook, DCI for SPS release and DCI for indicating SCell dormancy should be included in counting of C-DAI and T-DAI. 
Proposal 7: Type-3 HARQ codebook is not supported in NR-NTN. 

For enhanced HARQ process ID indication:
Proposal 8: Support Option 4: No enhancement for DCI format 0-0/1-0. 
For PDSCH/PUSCH reliability enhancement:
Proposal 9: Configure different aggregation factors for PDSCH reception with or without HARQ-ACK feedback. 

· The maximum number of supported aggregation factor for DL PDSCH is 16.
For PUSCH processing timeline:
Proposal 10: PUSCH transmission constraint for a given disabled UL HARQ process should be considered. 
Proposal 11: PUSCH processing time should be updated in NTN. 
For extension of K1 range:

Proposal 12: The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI should not be changed. 
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