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1	Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network. The latest version of the SID is given in [1]. The SI has the following RAN1 objectives. The RAN1 work is scheduled to begin at RAN1#96bis in April 2019.
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 provide an overview of the key considerations for adapting NR for NTN.
[bookmark: _Ref178064866]2	Discussion
2.1	Overview
There is an ongoing resurgence of satellite communications. Several plans for satellite networks have been announced in the past few years. The target services vary, including for example backhaul and fixed wireless, transportation, outdoor mobile, and IoT. Satellite networks could complement mobile networks on the ground by providing connectivity to underserved areas and multicast/broadcast services. 
To benefit from the strong mobile ecosystem and economy of scale, adapting the terrestrial wireless access technologies including LTE and NR for satellite networks is drawing significant interest. For example, 3GPP completed an initial study in Release 15 on adapting NR to support non-terrestrial networks (mainly satellite networks) [2]. This initial study focused on the channel models for the non-terrestrial networks, defining deployment scenarios, and identifying the key potential impacts. 3GPP is conducting a follow-up study item in Release 16 on solutions evaluation for NR to support non-terrestrial networks. 
A satellite radio access network usually includes the following components: 
· Gateway that connects satellite network to core network 
· Satellite that refers to a space-borne platform 
· Terminal that refers to user equipment
· Feeder link that refers to the link between a gateway and a satellite
· Service link that refers to the link between a satellite and a terminal 

The link from gateway to terminal is often called forward link, and the link from terminal to gateway is often called return link. Depending on the functionality of the satellite in the system, we can consider two transponder options 
· Bent pipe transponder: satellite forwards the received signal back to the earth with only amplification and a shift from uplink frequency to downlink frequency. 
· Regenerative transponder: satellite includes on-board processing to demodulate and decode the received signal and regenerate the signal before sending it back to the earth. 
Depending on the orbit altitude, a satellite may be categorized as a low-earth orbit (LEO), medium-earth orbit (MEO), or geostationary (GEO) satellite: (1) LEO: typical heights ranging from 160 to 2,000 km; (2) MEO: typical heights ranging from 2,000 to less than 35,786 km; and (3) GEO: height at 35,786 km.
A satellite typically generates several beams over a given area. The footprint of a beam is usually in an elliptic shape, which has been traditionally considered as a cell. The footprint of a beam is also often referred to a spotbeam. The footprint of a spotbeam may move over the earth surface with the satellite movement or may be earth fixed with some beam pointing mechanism used by the satellite to compensate for its motion. The size of a spotbeam depends on the system design, which may range from tens of kilometers to a few thousands of kilometers.
Figure 1 shows an example architecture of a satellite network with bent pipe transponders.
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Figure 1: An example architecture of a satellite network with bent pipe transponders

The two main physical phenomena that affect satellite communications system design are the long propagation delays and the Doppler effects. The Doppler effects are especially pronounced for LEO satellites. 
[bookmark: _Toc4736451]The two main physical phenomena that affect satellite communications system design are the long propagation delays and the Doppler effects.
2.2	Propagation delays
Propagation delay is one of the main physical phenomena in a satellite communication system that makes the design different from that of a terrestrial mobile system. For a bent pipe satellite network, the following delays are relevant. 
· One-way delay: from the ground BS to the UE via the satellite, or the other way around 
· Round-trip delay: from the ground BS to the UE via the satellite and from the UE back to the ground BS via the satellite. 
· Differential delay: the delay difference of two selected points in the same spotbeam 
The propagation delay depends on the length of the signal path, which further depends on the elevation angles of the satellite seen by the BS and UE on the ground. The minimum elevation angle is typically more than 10° for UE and more than 5° for BS on the ground. The maximum round-trip time is ~545 ms for bent pipe GEO satellite communication system. Note that there may be additional delay between the ground BS antenna and ground BS, which may or may not be collocated. This delay depends on type of the deployment. Taking into account this extra potential delay component, we propose that this study should investigate how to adapt NR for NTN systems with up to 600 ms round-trip delay.
[bookmark: _Toc4736452]Up to 600 ms round-trip propagation delay should be considered in Rel-16 NR NTN study.
The differential delay is mainly due to the different path lengths of the service links (satellite - UE), since the feeder link is normally the same for terminals in the same spotbeam. Further, the differential delay is mainly determined by the radius of the spotbeam. It may range from sub-ms (for spotbeam’s radius on the order of tens of kms) to tens of ms (for spotbeam’s radius on the order of thousands of kms). We propose that this study should investigate how to adapt NR for NTN systems with one-way differential delay up to 7 ms, which is approximately equivalent to spotbeam diameter of ~2,100 km.
[bookmark: _Toc4736453]Up to 7 ms one-way differential delay should be considered in Rel-16 NR NTN study.
2.3	Doppler effects
Doppler is another major physical phenomenon that shall be properly taken into account in a satellite communication system. The following Doppler effects are particularly relevant. 
· Doppler shift: the shift of the signal frequency due to the motion of the transmitter, the receiver, or both. 
· Doppler variation rate: the derivative of the Doppler shift function of time, i.e., it characterizes how fast the Doppler shift evolves over time. 
Doppler effects depend on the relative speed of the satellites and the UE and the carrier frequency.
For GEO satellites, they are fixed in principle and thus do not induce Doppler shift. In reality, however, they move around their nominal orbital positions due to, for example, perturbations. The trajectory a GEO satellite typically follows is a figure “8” pattern. 
The Doppler effects become remarkable for MEO and LEO satellites. For example, according to Table 5.3.4.3.2-7 in 3GPP TR 38.811 [2], for a LEO at 600 km height, the maximum Doppler can be up +/- 48 kHz and the maximum Doppler shift variation rate can be +/- 544 Hz/s at the 2 GHz carrier frequency.
In principle, Doppler compensation techniques can be implemented especially for Non-GEO satellites with GNSS based techniques. The UE equipped with a GNSS receiver determines its position and the universal time. With pre-loaded or updated ephemeris of the satellite constellation which can be theoretical or actual, the UE can compute the position and motion of the possible serving satellites enabling to determine the Doppler shift and variation rate. However, it is not clear how accurate the Doppler compensation techniques can be and should be studied to adapt NR for NTN systems. Further, it is also beneficial to study how to handle the remarkable Doppler effects using non-GNSS based techniques since not all NR UEs are expected to be equipped with GNSS chipsets.

[bookmark: _Toc4736454]Performance of GNSS based techniques for Doppler compensation should be investigated in Rel-16 NR NTN study.
[bookmark: _Toc4736455]Non-GNSS based techniques for Doppler compensation should be investigated in Rel-16 NR NTN study.
Conclusion
In the previous sections, we provide an overview of the key considerations for adapting NR for NTN. In the previous sections we made the following observations: 
Observation 1	The two main physical phenomena that affect satellite communications system design are the long propagation delays and the Doppler effects.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Up to 600 ms round-trip propagation delay should be considered in Rel-16 NR NTN study.
Proposal 2	Up to 7 ms one-way differential delay should be considered in Rel-16 NR NTN study.
Proposal 3	Performance of GNSS based techniques for Doppler compensation should be investigated in Rel-16 NR NTN study.
Proposal 4	Non-GNSS based techniques for Doppler compensation should be investigated in Rel-16 NR NTN study.
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