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1. Introduction
In last RAN1 meeting #102-e, the following agreements regarding HARQ enhancements for NTN were made:

Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling 
Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:

· The maximal supported HARQ process number is up to 32.

· FFS: Support on the maximal HARQ process number is up to UE capability

· Minimizing the impacts on specification and scheduling

This contribution mainly discusses the potential HARQ and scheduling enhancements for NTN systems.
2. HARQ enhancements in NTN 
The propagation delays in terrestrial networks (TN) are usually less than one millisecond. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type in NTN. Such long propagation delays will have large impacts on the HARQ and scheduling in NTN. To reduce the impact of the long propagation delay, candidate solutions include: HARQ disabling and increased HARQ process number. 
2.1. HARQ disabling 
During SI phase, the concept of HARQ disabling is introduced. If one HARQ process is disabled, and if gNB schedules the disabled HARQ process to receive DL packets, the gNB does not need to wait for UE’s HARQ-ACK feedback before it can schedule the disabled HARQ process again. Taken PDSCH scheduling as example, as shown in Figure 1. Assuming HARQ process number (PN) 0 is a disabled HARQ process for one UE. The gNB may schedule the UE to receive several DL packets, e.g., PDSCH 0~PDSCH2, with the same HARQ process number before it receives the corresponding HARQ-ACK from the UE. The UE can determine the received DL packet for the same HARQ process is a new packet or not by checking the toggled NDI. 

[image: image1.emf]PDSCH 0

HARQ PN 0

NDI = 0

DL

PDSCH 1

HARQ PN 0

NDI = 1

PDSCH 2

HARQ PN 0

NDI = 0


Figure 1: illustration of DL scheduling with disabled HARQ process
Such HARQ disabling mechanism can guarantee available HARQ process to schedule UE with DL or UL transmission, which is beneficial to achieve the UE’s peak data rate and should be supported. 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. We think it is also beneficial that gNB can dynamically indicate the enabling/disabling of HARQ process via DCI to provide flexibility. In addition, similar mechanism should be supported for uplink transmission for peak data rate achievement. 
Proposal 1: The enabling/disabling of HARQ processes for both DL and UL scheduling via RRC or DCI should be supported.
The potential disadvantages of DL HARQ disabling were discussed in SI phase [2]: when UL HARQ feedback is disabled, there could be issues if (i) MAC CE and RRC signalling are not received by UE, or (ii) DL packets not correctly received by UE for a long period of time without being known by gNB. 
Since the disabled UL HARQ feedback for the disabled DL HARQ process may lead to the above issues, it is beneficial for UE to still fed back HARQ-ACK information for the disabled DL HARQ process, considering that Rel-15 Type-1 and Type-2 HARQ-ACK codebooks are generated independent of HARQ process number. Correspondingly, when gNB receives ACK, 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 HARQ-ACK information can help gNB to predict the channel state hence to select a proper scheduling scheme, e.g., CQI to the UE.
For Type-1 HARQ-ACK codebook, the above advantages can easily be obtained by allowing HARQ-ACK report for disabled DL HARQ processes without any spec impacts. For Type-2 HARQ-ACK codebook, although the above advantages are obvious, there may be an argument that the HARQ-ACK overhead could be reduced if the HARQ-ACKs for the disabled HARQ processes are not reported. Whether the HARQ-ACKs for the disabled HARQ processes are reported or not in Type-2 HARQ-ACK codebook can be further discussed by taking account to the pros and cons. Further, if not reported, how to enhance CSI report in this case to help gNB for DL scheduling should be considered.
Proposal 2: HARQ-ACK information for disabled DL HARQ processes should be reported at least in Type-1 HARQ-ACK codebook and FFS in Type-2 HARQ-ACK codebook.
2.2. Increased HARQ process number
Another candidate solution is to increase the number of HARQ processes to match the larger RTT to compensate for the stop-and-wait in HARQ procedure, hence to increase UE’s peak data rate. It was agreed that the maximal supported HARQ process number is up to 32. Normally, increasing the number of HARQ process will increase UE cost, e.g., the UE should have a larger soft buffer to support additional HARQ process transmission. But in NTN system, considering carrier aggregation is not a typical scenario and may not be supported by UE, the UE may support a larger number of HARQ process without increasing UE cost. In that case, increasing HARQ process number can be considered for capable UE. 
Proposal 3: Support on the maximal HARQ process number is up to UE capability. 
If one UE is configured with more than 16 HARQ processes in NTN system, the UE should be aware of the HARQ process number when it is scheduled with DL reception or UL transmission. The following methods can be considered to indicate the HARQ process number:
· Explicitly indicated by the HARQ PN field in the DCI

In this method, the HARQ process number is explicitly indicated by the HARQ PN field in the DCI. The size of the HARQ PN field is determined by the configured number of HARQ process. The disadvantage of the method is that the DCI overhead will be increased, for example, if more than 16 HARQ processes are configured, more than 4-bit HARQ PN field in the DCI is required. Some low overhead methods should also be considered.
· Indicated by the HARQ PN field in the DCI as well as the scheduled slot location
In this method, the HARQ process number is associated with the scheduled slot location. Since some additional information for HARQ process number is provided by the scheduled slot location, the maximum size of the HARQ PN field can be kept the same or even lower than legacy. Figure 2 provides an example of the case. In this example, UE is configured with 32 HARQ processes, the timeline corresponds to the RTT is divided into 4 periods, each period is allocated with an index, e.g., from 00 to 11, so 3-bit HARQ PN field in the DCI is required. The HARQ process number can be derived by the 2-bit period index and the 3-bit HARQ PN field in the DCI. 
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Figure 2: Example of association between HARQ process number and scheduled slot location
Therefore, if UE is scheduled transmission in the first period with the HARQ PN field indicating “101”, the UE can determine the scheduled HARQ process number is 5 (“00101”). If UE is scheduled transmission in the third period with the HARQ PN field indicating “101”, the UE can determine the scheduled HARQ process number is 21 (“10101”). One possible drawback of this method is that the transmission/retransmission of one HARQ process is restricted in certain period due to the association relationship. 

· Support multiple slots scheduling by one DCI, the first HARQ process number is indicated by the HARQ PN field in the DCI

In current NR system, it is supported to use one DCI to schedule multiple PUSCHs with different TBs transmitted in different HARQ processes, in which case the first HARQ process number is indicated in the DCI and the later HARQ process number is derived from the first HARQ process number. The same methodology can be considered for PDSCH scheduling in NTN system. Figure 3 gives an example.
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Figure 3: multiple slots scheduling by one DCI
Proposal 4: Low DCI overhead methods should be considered if the number of HARQ processes is 32. 

3. Enhancements to HARQ disabling 

If HARQ disabling is supported in NTN system, enhancements to PDSCH/PUSCH transmission to have a higher reliability should be considered. To further enhance the PDSCH/PUSCH reliability in case of HARQ disabling, PDSCH/PUSCH repetition, slot aggregation and blind transmission can be considered. Further, PUSCH processing time for disabled HARQ process should also be considered. In the following sections, we will further discuss these issues.

3.1. PDSCH/PUSCH reliability enhancement 
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. 

Proposal 5: Enhancements to PDSCH/PUSCH with disabled HARQ process to achieve a higher reliability should be considered. 
3.2. 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 4. 
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Figure 4: PUSCH scheduling for disabled HARQ process 
Proposal 6: PUSCH processing time should be updated in NTN. 
4. Scheduling constraints in NTN 

In Rel-15, there are some scheduling constraints for scheduling PDSCH reception and PUSCH transmission for a given HARQ process. 

	38.214:
The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6].
The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.


In NTN, one HARQ process can be configured as enabled or disabled for data transmission. Unlike TN system that the propagation delay is normally less than one millisecond, the propagation delays in NTN are ranging from several milliseconds to hundreds of milliseconds, correspondingly, the scheduling constraints for an enabled or disabled HARQ process should be updated.

4.1. PDSCH reception 
· For a given enabled DL HARQ process 

As shown in Figure 5, assuming the timing offset between UE UL timeline and UE DL timeline is 13 slots, and HARQ process 0 is an enabled DL HARQ process. When UE is scheduled to receive PDSCH with HARQ process 0 in DL slot n and is supposed to transmit the corresponding HARQ-ACK in UL slot n+18, then the UE is not expected to receive another PDSCH for HARQ process 0 until after the end of the DL slot n+18 following Rel-15 principle. In TN network there would not be issue since the DL slot n+18 corresponds to the UL slot n+18 in which the UE is expected to transmit HARQ-ACK for HARQ process 0. However, in NTN network, from UE perspective, the DL slot n+18 corresponds to the UL slot n+18+13 due to the large propagation delay, which makes the current scheduling constraint unclear. It is preferred to clearly state whether a DL timeline or a UL timeline is assumed from UE perspective when defining UE’s PDSCH reception behavior. 
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Figure 5: PDSCH scheduling for an enabled HARQ process 0
Proposal 7: PDSCH reception constraint for a given enabled DL HARQ process should be enhanced in NTN. 
· For a given disabled DL HARQ process 

For a given disabled DL HARQ process, the Rel-15 scheduling constraint is not needed. The gNB may schedule one UE to receive another PDSCH for a given disabled DL HARQ process before it receives the corresponding HARQ-ACK from the UE for the last PDSCH transmission for the same HARQ process. On the other hand, a new scheduling constraint to ensure enough PDSCH processing time between two PDSCH receptions should be considered, as shown in Figure 6.
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Figure 6: PDSCH scheduling for a disabled HARQ process 0
Proposal 8: PDSCH reception constraint for a given disabled DL HARQ process should be considered in NTN. 
4.2. PUSCH transmission 
· For a given enabled UL HARQ process 

As shown in Figure 7, we similarly assume the timing offset between UE UL timeline and UE DL timeline is 13 slots, and HARQ process 0 is an enabled UL HARQ process. When UE receives a UL grant in DL slot n and is scheduled to transmit PUSCH with HARQ process 0 in UL slot n+18, then the UE is not expected to receive another UL grant to schedule another PUSCH for HARQ process 0 until after the end of the DL slot n+18 following Rel-15 principle. In TN network there would not be issue since the DL slot n+18 corresponds to the UL slot n+18 in which the UE is expected to transmit PUSCH with HARQ process 0. However, in NTN network, from UE perspective, the DL slot n+18 corresponds to the UL slot n+18+13 due to the large propagation delay, which makes the current scheduling constraint unclear. It is preferred to also clearly state whether a DL timeline or a UL timeline is used from UE perspective when defining UE’s PUSCH transmission behavior.
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Figure 7: PUSCH scheduling for an enabled HARQ process 0
Proposal 9: PUSCH transmission constraint for a given enabled UL HARQ process should be enhanced in NTN. 
· For a given disabled UL 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. On the other hand, 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 8.
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Figure 8: PUSCH scheduling for a disabled HARQ process 0
Proposal 10: PUSCH transmission constraint for a given disabled UL HARQ process should be considered in NTN. 
5. Conclusion

In this contribution the potential HARQ and scheduling enhancements for NTN systems are discussed. The following proposals are made. 
Proposal 1: The enabling/disabling of HARQ processes for both DL and UL scheduling via RRC or DCI should be supported.
Proposal 2: HARQ-ACK information for disabled DL HARQ processes should be reported at least in Type-1 HARQ-ACK codebook and FFS in Type-2 HARQ-ACK codebook.
Proposal 3: Support on the maximal HARQ process number is up to UE capability. 
Proposal 4: Low DCI overhead methods should be considered if the number of HARQ processes is 32. 

Proposal 5: Enhancements to PDSCH/PUSCH with disabled HARQ process to achieve a higher reliability should be considered. 

Proposal 6: PUSCH processing time should be updated in NTN. 
Proposal 7: PDSCH reception constraint for a given enabled DL HARQ process should be enhanced in NTN. 
Proposal 8: PDSCH reception constraint for a given disabled DL HARQ process should be considered in NTN. 
Proposal 9: PUSCH transmission constraint for a given enabled UL HARQ process should be enhanced in NTN. 
Proposal 10: PUSCH transmission constraint for a given disabled UL HARQ process should be considered in NTN. 
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