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1 Introduction

During the RAN1 104e meeting, the following agreements were made on the HARQ enhancements for NTN [1]:

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:
For Type-2 HARQ codebook in NTN: Reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
In this contribution, we present the discussion on the HARQ enhancement.
2 Discussion
2.1.1 Number of HARQ process

The number of HARQ processes that a UE can support depends on several aspects, such as the supported TBS size, MIMO layer and CA capability. Given that the typical service type supported in NTN scenarios won’t require a high data rate, it is agreed to extend the number of HARQ processes to up to 32 in order to save the latency. The number of supported HARQ processes can be subject to the UE’s capability. For example, power limited UEs can be configured with less HARQ processes while other powerful UEs can be configured with more HARQ processes with the UEs’ capability reporting.
In order to support more than 16 HARQ processes, the following options were considered:

· Option 1: Slot index as the MSB

· Option 1-a:Slot index as the LSB 

· Option 2: Reusing one bit from other bit field

· Option 3: Extending the HARQ process ID field up to 5 bits 

In NTN scenario, the large RTD would have impact on the reliability of the control channel, thus, it is preferred to keep the 4bits HARQ process indicator unchanged. Moreover, extending the HARQ process ID field to 5 bits may not applicable to fall-back DCIs.  Option 2 can keep the length of HARQ indicator bit-field unchanged, however, this may limit the flexibility for other purpose. Thus option 1 and 1-a are slightly preferred.
Proposal 1: The number of supported HARQ processes is subject to the UE’s capability.
Proposal 2: Slot index as MSB or LSB can be taken as additional indication to support more than 16 HARQ processes.
2.1.2 HARQ codebook design
Enhancements on the HARQ codebook design were discussed during the previous meetings. The main motivation is to reduce the HARQ codebook size.  
For type 1 codebook design, the following enhancement was captured in [1]:
· Option-2: Report NACK on disabled process

Given that the codebook size is semi-statically configured and not reduced by this option, we don’t see the rational to have this option.

· Option-3: Reduce codebook size with criteria

If the codebook size is reduced with certain criteria, this may complex the codebook design and require much standard work. This option can only be considered after the benefits is carefully justified.

Proposal 3: The enhancement on the type 1 codebook design is not desired.
For type 2 codebook design, the codebook size can be reduced if HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes. However, the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes is not decided. During the discussion in RAN1 103e meeting, several options were considered:
· Alt-1: C-DAI and T-DAI count only PDSCH with feedback-enabled HARQ processes.
· In the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are given their true values (i.e., the count of feedback-enabled processes)

· In the DCI of PDSCH with feedback-disabled HARQ processes, the C-DAI and T-DAI are given their true values (i.e., the count of feedback-enabled processes), despite they are not incremented 
· Alt-1: C-DAI and T-DAI count both PDSCH with feedback-enabled HARQ processes and PDSCH with feedback-disabled HARQ processes.
· C-DAI/T-DAI value in DCI scheduling enabled PDSCH and DCI scheduling disabled PDSCH is separately counted.
· C-DAI/T-DAI value in DCI scheduling enabled PDSCH and DCI scheduling disabled PDSCH is jointly counted.
In our understanding, C-DAI/T-DAI is used to align the gNB and UE’s understanding on the number of scheduling grants. Although the feedback for some HARQ processes is disabled, C-DAI/T-DAI counting for the HARQ disable processes still can bring some benefits as UE can check its data decoding performance using the C-DAI/T-DAI. Thus it is preferred that C-DAI and T-DAI count both PDSCH with feedback-enabled HARQ processes and PDSCH with feedback-disabled HARQ processes.
Proposal 4: C-DAI and T-DAI count both PDSCH with feedback-enabled HARQ processes and PDSCH with feedback-disabled HARQ processes.
2.1.3 PDSCH scheduling limitation

In RAN1 104th meeting, it is agreed thatfor 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

In our understanding, T_proc,1 defines the minimum required time for PDSCH processing and HARQ-ACK preparation. It is not related to the K1 values. Meanwhile, k1 is configured only for the non-fallback DCI. In order to keep a same processing pipeline, it is preferred to confirm the working assumption that X = T_proc,1.
Proposal 5: Confirm the working assumption that X = T_proc,1.
2.1.4 Enabling/Disabling HARQ feedback
During the SI, it is already concluded that the enabling/disabling the HARQ feedback was configured per UE and per HARQ process. In order to guarantee the reliability of MAC CE command, it is suggested at least one HARQ process should be enabled. In this sense, dynamic HARQ enabling/disabling is not needed.
Due to the absence of physical layer HARQ disabling on some HARQ processes, the reliability of the transmission is decreased. Several solutions have been proposed to improve the transmission reliability as follows [2]:
· Conservative scheduling

The channel state information for the UEs may be unavailable or outdated, the UE can be scheduled with conservative transmission parameters. Obviously, this will hurt the system performance.

· UCI reporting enhancement

Although the information such as channel state information transmitted from UE side may be outdated due to the large transmission delay, it is still beneficial that the network can get some information from UE side to adjust the transmission parameters.
· Lower BLER target 

Limitation on the transmission scheme related parameters have negative impact on the performance. The UCI reporting enhancement can be considered as an efficient way to improve the transmission reliability. The gNB can adjust the transmission scheme related parameters based on UE’s UCI reporting such as the data decoding statistics.
Proposal 6: Dynamic HARQ enabling/disabling is not supported.
Proposal 7: Enhancement on the UCI reporting such as the data decoding statistics should be introduced.
3 Conclusions

In this contribution, we present the discussion on the HARQ enhancement for NTN. Based on our analysis, we have the following proposals:
Proposal 1: The number of supported HARQ processes is subject to the UE’s capability.
Proposal 2: Slot index as MSB or LSB can be taken as additional indication to support more than 16 HARQ processes.

Proposal 3: The enhancement on the type 1 codebook design is not desired.
Proposal 4: C-DAI and T-DAI count both PDSCH with feedback-enabled HARQ processes and PDSCH with feedback-disabled HARQ processes.
Proposal 5: Confirm the working assumption that X = T_proc,1.
Proposal 6: Dynamic HARQ enabling/disabling is not supported.
Proposal 7: Enhancement on the UCI reporting such as the data decoding statistics should be introduced.
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