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1 Introduction

A revised work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#88e and the objectives are as follows [1].

The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.

· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG

· Earth fixed Tracking area is assumed with Earth fixed and moving cells

· UEs with GNSS capabilities are assumed.

· Transparent payload is assumed
The detailed objectives are to specify enhancing features to Rel-15 & Rel-16’s NR radio interface & NG-RAN as follows:

Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):

· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]

· HARQ

· Number of HARQ process [RAN1]

· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]

· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]

· Including signalling of polarization mode
In this contribution, we present the discussion on the HARQ enhancement.
2 Discussion
2.1.1 Number of HARQ process

In NTN, the large propagation delay has impact on the HARQ operation. As illustrated in the following table [2], the RTD is around 28ms, 51ms and 190ms for the case that the satellite orbiting at 600KM, 1500KM and 10000KM respectively. 
	 
	 
	LEO at 600 km
	LEO at 1500 km
	MEO at 10000 km

	Elevation angle
	Path
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)

	UE: 10°
	satellite - UE
	1932.24
	6,440
	3647.5
	12,158
	14018.16
	46.727

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	14539.4
	48.464

	90°
	satellite - UE
	600
	2
	1500
	5
	10000
	33.333

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38


In NR Rel-15, up to 16 HARQ processes is supported for one serving carrier. In order to avoid the reduction on the peak data rate, several solutions have been proposed [2]
· Option 1: Keep 16 HARQ process IDs and rely on RLC ARQ for HARQ processes with UL HARQ feedback disabled via RRC 

· Option 2: Greater than 16 HARQ process IDs with UL HARQ feedback enabled via RRC with following consideration
· UE capability if greater than 16 HARQ process IDs 

· Keep 4-bit HARQ process ID field in DCI

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 possible to extend the number of HARQ processes in order to save the latency.

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

· Option 2: Keep the 4bits HARQ process indicator unchanged with the following enhancement
· Slot number based 
·  Virtual process ID based with HARQ re-transmission timing restrictions 

· Reuse HARQ process ID within RTD (time window) 

· Re-interpretation of existing DCI fields with assistance information from higher layers 
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, additional scrambling on the scheduling grant can be used. Alternatively, the time period within RTT is 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 can be extended in NTN scenario

Proposal 2: The number of the HARQ process indicator 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

· UCI reporting enhancement

· 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 can be extended in NTN scenario
Proposal 2: The number of the HARQ process indicator 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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