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1 Introduction

During the last RAN1 meeting, the following agreements were made on the timing relationship for NTN [1]:

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

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, several solutions have been proposed during the SI [2] as follows: 

· Option1: Extend the 4bits HARQ process indicator

In this solution, one additional bit is added to the HARQ process indicator field to support the indication of 32 HARQ process IDs. This may increase the payload of DCI which leads to the degradation of DCI decoding performance. 

· Option 2: Keep the 4bits HARQ process indicator unchanged with the following enhancement
· Slot number based 
In this solution, the determination of HARQ process ID will be coupled with the index of slot(s)/SFN(s) carrying the corresponding transmission/scheduling.
·  Virtual process ID based with HARQ re-transmission timing restrictions 

· Reuse HARQ process ID within RTD (time window) 
In this solution, the determination of HARQ process ID will be coupled with division of time domain resource. For example, the calculation on HARQ process ID is based on the window index and supported HARQ process number within each window.
· Re-interpretation of existing DCI fields with assistance information from higher layers 
In this solution, the determination of HARQ process ID relies on the re-interpretation of existing DCI bit. For example, the bit within the existing RV field can be re-interpreted as part of the bit-field to indicate the HARQ process ID.
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. In order to support more than 16 HARQ processes, reuse the HARQ process ID within RTT could be considered. To distinguish the transmissions with the same indicated HARQ process, the time period within RTT can be divided to multiple time segments, then the same HARQ process ID can be reused in different time segments.
Proposal 1: The number of supported HARQ processes is subject to the UE’s capability.
Proposal 2: The length of the HARQ process indicator bit-field in the scheduling grant should be kept unchanged. 

2.1.2 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 3: Dynamic HARQ enabling/disabling is not supported.
Proposal 4: 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: The length of the HARQ process indicator bit-field in the scheduling grant should be kept unchanged. 

Proposal 3: Dynamic HARQ enabling/disabling is not supported.

Proposal 4: Enhancement on the UCI reporting such as the data decoding statistics should be introduced.
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