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Introduction
In the RAN plenary #80 meeting, a new RAN3 SI on “solutions evaluation for NR to support Non Terrestrial Network” was approved [1]. The objectives of the SI for Layer 2 and above, and RAN architecture are reported as follows:
· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells
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Discussion
The following tables show altitude and delay of different type satellites referring to [2].
Table 1 Propagation delays for different NGEO satellites (altitude and payload types) 
	 
	 
	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

	Bent pipe satellite

	One way delay
	Gateway-satellite_UE
	4261.2
	14.204
	7749.2
	25.83
	28557.6
	95.192

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38

	Regenerative satellite

	One way delay
	Satellite -UE
	1932.24
	6.44
	3647.5
	12.16
	14018.16
	46.73

	Round Trip Delay
	Satellite-UE-Satellite
	3864.48
	12.88
	7295
	24.32
	28036.32
	93.45



Table 2 Propagation delays for GEO satellite at 35786 km
	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite - UE
	40586
	135.286

	GW : 5°
	satellite - gateway
	41126.6
	137.088

	90°
	satellite - UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751

	Regenerative Satellite

	One way delay
	Satellite -UE
	40586
	135.286

	Round Trip Time
	Satellite-UE-Satellite
	81172
	270.572



As shown in above tables, the round trip delay of MEO at 10000 Km is up to 93.45ms, and the round trip delay rises to 270.572ms for GSO satellite. This means extremely long RTT comparing to terrestrial networks and will have a large impact on HARQ process, handover and MAC/RLC procedures.
· Impact on HARQ
According to RAN1’s evaluation, the required number of HARQ processes of GEO and LEO with considering 1ms slot duration and 15kHz SCS are 600 and 50, respectively. Obviously, in NTN, the RTT normally exceeds the maximum conventional HARQ process. However, it seems not feasible for some UEs to simply extend the number of HARQ processes because of memory restrictions and limited processing capacity. To handle this, RAN1 considers two study principles.
-	Enhancing existing HARQ operation to extend the HARQ processing accommodating low to moderate NTN RTT delays.
-	Limiting HARQ capabilities and/or disabling HARQ for long RTT delays.
Hence, RAN2 should also follow the two principles to study HARQ.
Proposal 1: RAN2 should also follow the two principles to study HARQ.
· Impact on MAC/RLC procedures
During RACH procedure, UE receives RAR message at RAR window and the RAR window will start at one offset after UE transmitting preamble. In NTN, the RAR window start time should be later because of high RTT. RAN2 may need to study RAR window. Moreover, ARQ requires that the transmitted packets be buffered in anticipation of potential packet loss and released only after the successful receipt of an acknowledgement, or until a time-out mechanism reinitiating a retransmission. The long RTT requires larger transmission buffer and maximum SN value, and longer reassemble timer. Furthermore, long RTT potentially limits the number of retransmission allowed for each transmitted packet in both the forward and return links. Hence, RAN2 should study the ARQ buffer size, the maximum SN value, reassemble timer length, and retransmission mechanism for long RTT.
Proposal 2: RAN2 should study RAR window, the ARQ buffer size, the maximum SN value, reassemble timer length, and retransmission mechanism for long RTT.
· Impact on Handover
The handover procedure, including measurement configuration, measurement results report, handover decision, handover preparing, and RRC reconfiguration steps, is time-sensitive to avoid data transmission interruption. The high propagation delay causes high measurement configuration and report delay, and high RRC reconfiguration delay, both of which will result in high handover delay. High handover delay may bring many issues, e.g., handover failure. Hence, RAN2 should study possible handover issues due to high handover delay.
Proposal 3: RAN2 should study possible handover issues due to high handover delay, e.g., handover failure
Conclusion
In this contribution, we discussed the impact of high propagation delay in Non Terrestrial Network (NTN), and we get the following observation and proposals:
Proposal 1: RAN2 should also follow the two principles to study HARQ.
Proposal 2: RAN2 should study RAR window, the ARQ buffer size, the maximum SN value, reassemble timer length, and retransmission mechanism for long RTT. 
Proposal 3: RAN2 should study possible handover issues due to high handover delay, e.g., handover failure.
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