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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 objectives were approved in RAN #80 as follows [1].
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 analyze the main potential impacts on RAN1 to support NTN according to the NTN channel characteristics.

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 can either perform as a frequency switcher or (part of) a gNB. The first mode is denoted as transparent satellite while the second is referred as regenerative satellite. Six reference scenarios of NTN are listed in TR38.821 [2] classified by the satellite payload modes and the orbit types. Scenario A, C2, and D2 are down selected for further study [3].
[bookmark: OLE_LINK15]Table 1: NTN reference scenarios in TR38.821 [2]
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



Also in TR38.821, some geographic parameters of the reference scenarios are given. Part of them are shown in Table II.
Table II: Geographic parameters for NTN scenarios [2]
	NTN scenarios
	A
	C2
	D2

	Satellite altitude
	35786 km
	600 km

	Relative speed of satellite w.r.t. earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 5° for feeder

	Typical min / max NTN beam foot print diameter
	100 km / 1000 km
	50 km / 500 km



NTN channel characteristics
The channel characteristics in the above reference deployment scenarios are different depending on the architecture options, platform orbit 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 milliseconds (ms). Even for LEO, the propagation delay is up to several ms, much larger compared with the terrestrial network.
[bookmark: OLE_LINK14]Table 3: Propagation delays for NTN scenarios [4]
	
	 
	LEO at 600 km
	GEO at 35786 km

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

	UE: 10°
	satellite - UE
	1932.24
	6,440
	40586
	135.286

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	41126.6
	137.088

	90°
	satellite - UE
	600
	2
	35786
	119.286

	One way delay
	Gateway-satellite_UE
	4261.2
	14.204
	81712.6
	272.375

	Round Trip Delay
	Twice 
	8522.5
	28.408
	163425.3
	544.751

	One way delay
	Satellite -UE
	1932.24
	6.44
	40586
	135.286

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



The other one is the large Doppler shift and variation rate for LEO. 
[bookmark: OLE_LINK8]Table 4: Summary of Doppler shift and shift variation for different altitudes [4]
	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
	



However, due to the orbits of the satellites are relatively stable, some of the channel characteristics are predictable on certain occasions. For example, the Doppler shift by satellite moving in LEO based access is a function of satellite orbit height and elevation angle between the UE and satellite, which can be pre-determined if the altitude and elevation angle (or information that can be converted to each other) are known to the UE.
Potential RAN1 impacts
[bookmark: OLE_LINK20]The NTN channel characteristics may result in some RAN1 impacts 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 favor a 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 Normal CP (NCP) length for 60 kHz and 120 kHz generally covers the delay spread in NTN. However, RAN3 agrees to study the inter-satellite handover due to the very short connection time between a certain UE and a certain LEO [5]. In this scenario which has not been discussed in the TR [2], signals from different satellites may arrive the UE with larger timing difference. Whether Extend CP (ECP) 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.
Initial access procedures
It is important to analyze the initial access procedures for NTN and at least the following aspects should be studied:
Downlink synchronization 
[bookmark: OLE_LINK21]When the UE performs initial access, it needs to get downlink synchronization. It should be evaluated carefully whether a UE can achieve sufficient time and frequency synchronization accuracy with an 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 [4]. 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. 
PRACH transmission
To address the huge differential delay due to large cells in NTN scenarios, the GNSS based and differential delay based random access procedures should be studied and compared.
For the former solution, the UE can automatically calculate its rough TA with the satellite geo-location and its own location information. Thus a large part of the propagation delay can be pre-compensated and the residual delay can be handled by the current random access formats and signaling. The satellite geo-location can be broadcasted in system information and the UE location can be obtained through GNSS such as GPS. However, whether GNSS capability is mandatory for NTN UE should be further studied and carefully determined. Implementation aspects such as power consumption and time required for positioning should be considered in RAN1. For some use cases, low-cost UE is much more favored.
For the latter solution, one concern in RAN1 is whether current PRACH sequence/format is able to support such big differential delay. New PRACH format may be further studied starting with simple repetition of RA sequence. Furthermore, considering the larger cell size for LEO and GEO, and the much more frequent random access due to handover in LEO, whether the capacity for random access is sufficient should be studied. 
Timing issues in RA procedures
There are also timing issues in the RACH procedures due to long propagation delay in NTN. Both the UE and BS are supposed to have the same time-dependent RA-RNTI value since the propagation delay is negligible compared to the slot duration in terrestrial network. When it comes to NTN access where delay varies from several milliseconds to hundreds of milliseconds, the UE and BS come up with inconsistent time-dependent RA-RNTI, which will lead to access failure. Moreover, the RAR window and times such as ra-ContentionResolutionTimer need to be extended. The whole access procedures should be carefully revisited for each NTN scenario since they are featured by quite different propagation delay.
Data transmission related procedures
In LTE and NR, mechanisms are defined 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 suffers 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 increases the UE cost while the performance is worse for those with deactivated HARQ. This topic is still open for the other HARQ designs such as terrestrial aided retransmission.
Timing advance
Since NTN has to handle very large propagation delay and much faster delay variation as analyzed in the TR, the timing advance for NTN needs investigation. Considering that the common part of the propagation delay shared by the UEs in an NTN cell is much larger than the differential delay, this common part may not be necessarily indicated UE-specifically in the TA command. Moreover, the current TA maintenance mechanism needs to be revised to deal with the quick propagation changing due to the fast moving of the LEO satellite. Therefore how to establish and maintain the timing advance in NTN should be carefully studied to minimize the standard impact. 
Cell measurement for mobility requirement
The high altitude of the satellites leads to a fact that the distance between the satellites and UEs at the cell edge and the cell center is very close. Thus the free space loss experienced by UEs in an NTN cell is almost the same. A UE is not able to efficiently determine whether it is located in the center or at the edge merely by the power strength of the serving cell. The current measurement metrics need to be revisited to ensure an efficient mobility management.
PAPR
In NTN access, the transmitted power at the satellite is expected to be large in order to compensate the huge pathloss especially in GEO based access. It is helpful to maximize the transmitted power if the PAPR of the OFDM signal can be compressed. For transparent NTN access, it is possible to implement the PAPR reduction processing on the ground segment. There are several criteria for the selection of PAPR reduction technique. Which kind of PAPR reduction technique is suitable should depend on the requirements of the system design of each NTN scenario such as link budget, PA model, payload capability, etc.

Conclusions
In this contribution, we review the NTN architecture and deployment scenario and provide an overview on the open issues for NTN design based on the channel charactistics.

References
[1] [bookmark: _Ref524782935][bookmark: OLE_LINK25][bookmark: _Ref524783166]RP-181370, Study on solutions evaluation for NR to support Non-Terrestrial Network, Thales, RAN#80, La Jolla, USA, 2018
[2] [bookmark: _Ref534965997]TR 38.821 v0.3.0 on Solutions for NR to support non-terrestrial networks (NTN), 
[3] [bookmark: _Ref534965731]RP-182880, Study on solutions for NR to support non-terrestrial networks (NTN), Thales, RAN#82, Sorrento, Italy, 2018.
[4] [bookmark: _Ref534982437][bookmark: OLE_LINK10]TR 38.811 v15.0.0 on Study on NR to support non-terrestrial networks
[5] R3-186257, Email: # 1_NTN_Mob_mgmt_principles, RAN3#101bis.
