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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new SI on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 plenary. RAN1 needs to identify the potential impacts and study the related solutions on physical layer. The target work was approved in RAN #80 as follows [1].

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 this contribution we analyzed the main potential impacts on RAN1 for NR to support NTN according to the NTN channel characteristic.
Discussion 
NTN architecture and deployment scenarios
NTN is expected to provide services in the scenarios where terrestrial network is not available, or not sufficiently efficient[2].The satellite or aerial platform can perform as a RRH, relay node or gNB. The NTN architecture and system elements mapping is summarized as follows[2].
[bookmark: OLE_LINK15]Table 1: 5G system elements mapping in NTN architecture in 38.811[2]
	5G elements - NTN elements mapping

	NTN architecture options
	NTN Terminal
	Space or HAPS 
	NTN Gateway

	A1: access network serving UEs via bentpipe satellite/aerial
	UE
	Remote Radio Head
(Bent pipe relay of Uu radio interface signals)
	gNB

	A2: access network serving UEs with gNB on board satellite/aerial
	UE
	gNB or Relay Node functions
	Router interfacing to Core network

	A3: access network serving Relay Nodes via bent pipe satellite/aerial
	Relay Node
	Remote Radio Head
(Bent pipe relay of Uu radio interface signals)
	gNB

	A4: access network serving Relay Nodes with gNB on board satellite/aerial
	Relay Node
	gNB or Relay Node functions
	Router interfacing to Core network



Also in 38.811, some scenarios are down selected for evaluations[2].
Table 2: Reference NTN Deployment scenarios in the NR-NTN study in 38.811[2]
	Main attributes
	Deployment-D1
	Deployment-D2
	Deployment-D3
	Deployment-D4
	Deployment-D5

	Platform orbit and altitude
	GEO at 35 786 km
	GEO at 35 786 km
	Non-GEO down to 600 km
	Non-GEO down to 600 km
	UAS between 8 km and 50 km including HAPS

	Carrier Frequency on the link between Air / space-borne platform and UE
	Around 20 GHz for DL
Around 30 GHz for UL (Ka band)
	Around 2 GHz for both DL and UL (S band)
	Around 2 GHz for both DL and UL (S band)
	Around 20 GHz for DL
Around 30 GHz for UL (Ka band)
	Below and above 6 GHz

	Beam pattern
	Earth fixed beams
	Earth fixed beams
	Moving beams
	Earth fixed beams
	Earth fixed beams

	Duplexing
	FDD
	FDD
	FDD
	FDD
	FDD

	Channel Bandwidth 
(DL + UL)
	Up to 2 * 800 MHz
	Up to 2 * 20 MHz
	Up to 2 * 20MHz
	Up to 2 * 800 MHz
	Up to 2 * 80 MHz in mobile use and 2 * 1800 MHz in fixed use

	NTN architecture options
	A3
	A1
	A2
	A4
	A2



NTN channel characteristic
The channel characteristics in the above reference deployment scenarios are different depend on the architecture option, platform orbit and altitude and the carrier frequency. In summary, two characteristics of NTN channel affect the communication system design most. 
One characteristic is the propagation delay due to the long distance between the air/space-borne platform and UE. For GEO, the propagation delay can reach hundreds of mili-seconds (ms). Even for LEO, the propagation delay is enlarged to several ms, compared with terrestrial .
[bookmark: OLE_LINK14]Table 3: Propagation delays for GEO satellite in 38.811[2]
	 
	 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



The other one is the very large Doppler shift and variation rate, especially for LEO. 
[bookmark: OLE_LINK8]Table 4: Summary of Doppler shift and shift variation for different altitudes in 38.811[2]
	Frequency (GHz)
	Max Doppler
	Relative Doppler
	Max Doppler shift variation
	

	2
	+/- 48 kHz
	0.0024 %
	- 544 Hz/s
	LEO at 600 km altitude

	20
	+/- 480 kHz
	0.0024 %
	-5.44 kHz/s
	

	30
	+/- 720 kHz
	0.0024 %
	-8.16 kHz/s
	

	2
	+/- 40 kHz
	0.002 %
	-180 Hz/s
	LEO at 1500 km altitude

	20
	+/- 400 kHz
	0.002 %
	-1.8 kHZ/s
	

	30
	+/- 600 kHz
	0.002 %
	-2.7 kHz/s
	

	2
	+/- 15 kHz
	0.00075 %
	-6 Hz/s
	MEO at 10000 km altitude

	20
	+/- 150 kHz
	0.00075 %
	-60 Hz/s
	

	30
	+/- 225 kHz
	0.00075 %
	-90 Hz/s
	



Main RAN1 standard impact
[bookmark: OLE_LINK20]The NTN channel characteristic may result in some RAN1 standard impact in the following aspects. 
Numerology and frame structure
To deal with the large Doppler shift and variation rate, the numerology for NTN in current NR discussion scope should be evaluated for the possible scenarios. Intuitively, it is reasonable to adopt the larger subcarrier spacing. On the other hand, the fast moving speed of the platform and/or NTN terminal may call for the numerology which is more robust to UL synchronization error. In the TR it is estimated that the maximum delay spread will not exceed 250ns in 90% cases in NTN. Therefore NCP for 60k and 120k generally covers the delay spread in NTN. However, RAN2 agrees to study the inter-satellite handover due to the very short connection time between a certain UE to a certain LEO[3]. In this scenario which has not been discussed in the TR[2], signals from different satellite may arrive the UE with larger timing difference. Whether extend CP is needed for this case should be further studied. 
The NTN channel also impacts the frame structure design. The RS pattern especially the time density needs to be evaluated for various deployment scenarios from both channel estimation performance and overhead perspective.
Random access related procedures
[bookmark: OLE_LINK21][bookmark: OLE_LINK9]It is important to analyze and consider random access related procedures for NR-NTN. When the UE performs initial access, it need to get downlink synchronization. It should be evaluated carefully whether a UE can achieve sufficient time and frequency synchronization accuracy with a acceptable complexity with current NR synchronization signal format. According to the TR, for LEO the maximum Doppler shift may exceed 5 ppm which is the frequency error robustness requirement[2]. Pre-compensation is proposed to solve this problem. However for initial downlink synchronization it seems impossible to perform UE-specific pre-compensation. With cell-specific pre-compensation, whether the maximum residual Doppler shift can meet the 5 ppm requirement needs further study. Furthermore, the GNSS based and differential delay based random access procedures should be studied and compared. For the former solution, UE needs GNSS capability and satellite ephemeris data. The UE cost will be higher and the implementation may be restricted. For the latter solution, whether current preamble format is suitable needs further investigation. Besides, differential delay based solution suffers from lower resource efficiency in random access. 
Data transmission related procedures
In LTE and NR, mechanisms are define to improve the transmission efficiency and reliability of data, such as UL power control, adaptive multiplexing and coding (AMC) based on channel information and HARQ. However in NTN, UL power control  and AMC will meet the challenge of out-of-date channel information due to the fast varying channel (LEO/MEO) or extremely high propagation delay (GEO). AMC with prediction based on statistic channel information and other solutions should be investigated. For UL power control,  open loop power control should be further studied, for example with the aid of location information. HARQ protocol also suffer from low efficiency for a specific UE (MEO/GEO) under current NR definition because the UE has to wait for most of the time. In the TR, HARQ with a high number of parallel processes and HARQ deactivation are proposed. HARQ with more processes increase the UE cost while the performance is worse with deactivated HARQ. This topic is still open for the other HARQ mechanism such as terrestrial aided retransmission.
Timing advance
Since NTN has to handle very large propagation delay and much fast delay variation as analyzed in the TR, the timing advance for NTN needs investigation. Two scenarios should be further considered, the footprints of satellite beams on earth are moving with satellite and footprints of satellite beams on earth fixed for a long time. For differential delay based uplink transmission timing adjustment, common propagation delay is varying since the elevation angle is changing. Moreover, the differential delay range is larger in the latter scenario. The signaling overhead will be higher accordingly. Therefore timing issue in this scenario should be carefully studied to minimize the standard impact. 
Conclusions
In this contribution, we review the NTN architecture and deployment scenario and provide an overview on standard the open issues for NTN based on the channel charactistics.
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