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In RAN #80, a new RAN1 SI on solutions evaluation for NR is approved to support non-terrestrial network (NTN) [1]. The objectives of the SI are described as follows: 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

In RAN #82, the agreements for RAN2 #104 are including as follows [2]:
Agreements:
· Both options (enhancing HARQ and disabling HARQ) will be studied.

In this contribution, we discuss the key considerations and challenges for adapting Hybrid automatic repeat request (HARQ) procedures in NTN.

[bookmark: _Ref129681832]HARQ in non-terrestrial networks 
HARQ is a combination of high-rate forward error-correcting coding and ARQ error-control. As shown in Figure 1, the data transmission becomes more reliable and efficient with the introduction of HARQ. Asynchronous HARQ are supported for both DL and UL in NR. The large propagation delay is one of the main issues in NTN as shown in Table 1 [3]. From these tables, the round trip time (RTT) delay of low earth orbit (LEO) at 1500km is up to 24.32ms, and the round trip delay rises to 270.572ms for geostationary earth orbit (GEO) satellite [3]. The long RTT cannot be negligible compared to terrestrial networks. 
According to RAN1 evaluation, the number of required HARQ processes of GEO and LEO with 1ms slot duration and 15kHz SCS are 600 and 50, respectively. Obviously, in NTN, the RTT that normally exceeds the maximum conventional HARQ process is not negligible. Hence, the current HARQ procedure may not be suitable in NTN with the large propagation delay. In addition, the related control channel feedback with such big HARQ process number becomes more complicated and needs further study. To handle this problem, two principles need to be considered: one is to enhance the existing HARQ operation to extend the HARQ processing accommodating low to moderate NTN RTT delays; the other one is to limit HARQ capabilities and/or disabling HARQ for long RTT delays.
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Figure 1. The schematic diagram of traditional HARQ procedure

Table 1 Propagation delays for NTN scenarios
	 
	 
	LEO at 600 km
	LEO at 1500 km
	GEO at 35786 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
	40586
	135.286

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	41126.6
	137.088

	90°
	satellite - UE
	600
	2
	1500
	5
	35786
	119.286

	Bent pipe satellite

	One way delay
	Gateway-satellite_UE
	4261.2
	14.204
	7749.2
	25.83
	81712.6
	272.375

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661
	163425.3
	544.751

	Regenerative satellite

	One way delay
	Satellite -UE
	1932.24
	6.44
	3647.5
	12.16
	40586
	135.286

	Round Trip Delay
	Satellite-UE-Satellite
	3864.48
	12.88
	7295
	24.32
	81172
	270.572



A linear increase of the number of HARQ processes may not be feasible due to the restriction of UE memory and processing capabilities. Several new HARQ procedures for NTN were proposed in [4]:
- Combining the aggregation of slots with K-repetitions in frequency can be considered, to reduce the long repetition time of the whole aggregated slots. With aggregation scheme, it can reduce HARQ acknowledgements and the number of HARQ process significantly.
- Similar as TTI bundling in LTE, reducing the retransmission probability as an alternative method to decrease the large number of required HARQ processes. 
- Utilizing terrestrial dual-connectivity (DC) or multi-connectivity (MC), the retransmission procedure is aided by terrestrial links rather than the longer delay NTN links.
Note that both bundling and repetition only worked in time domain, causing additional delay over NTN. As mentioned in [4], it needs to further study the impact on NR HARQ operation when a DC/MC with terrestrial gNB and relay-node gNB exists. 
Observation 1: How to enhance HARQ needs to be further studied for NTN.

Besides, there were some disabling HARQ schemes designed up to now: 
- Two kinds of disabling schemes were proposed in NTN, which include semi-static HARQ disabling and dynamic HARQ disabling [5]. 
- Another “turn off” HARQ method was to always schedule a new transmission on a HARQ process by toggling the New Data Indicator, NDI [6].
But many details needed to be studied, such as how to indicate the UE that ACK/NACK should not be sent for scheme proposed in [6]. Although the design mentioned in [6] is a simple scheme that just toggling the NDI, the part of remaining bits in DCI seems useless. Hence, how to save signaling overhead should be studied. In addition, this kind indication design could consider efficiency of the channel quality, the power control enhancement in NTN, and the scheduling flexibility bring to the whole system. In general, the main problem is that how to support the current implementation for disabling HARQ at the PHY/MAC layers. 
Observation 2: How to disable HARQ needs to be further studied for NTN.
Besides the aforementioned problems, the challenges to the RLC should be considered if HARQ is disabled in MAC. If the retransmission only relies on the RLC retransmission, whether the induced transmission delay can be neglected should be studied. The ARQ process of the RLC layer needs to buffer the packets that have been sent until a packet acknowledgment is received or the timer expires to initiate a retransmission. In the satellite system, a larger buffer is needed to cope with the long transmission delay, and it is possible to limit the allowed retransmission number of times for each transmission packet. In addition, in the scheduling process of the MAC layer and the RLC layer, the long delay of the satellite system also affects the scheduling scheme, and the scheduling delay parameters need to be adjusted. Hence, some parameters related to the RLC should be FFS, such as the size of Rx/Tx window and the sequence number, the number of retransmission, retransmission timer and so on. Hence, the design of disabled HARQ mechanism should consider the impact on the RLC.
Observation 3: The challenges to the RLC should not be neglected if disabling HARQ applied in NTN.
In summary, there are many challenges to employ the existing HARQ protocol or disabling HARQ in NTN. Therefore, we need to study and develop new procedures for adapting HARQ to NTN.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the key considerations and challenges for adapting HARQ procedures in NTN. Then we get the following observations:
Observation 1: How to enhance HARQ needs to be further studied for NTN.
Observation 2: How to disable HARQ needs to be further studied for NTN.
Observation 3: The challenges to the RLC should not be neglected if disabling HARQ applied in NTN.
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