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Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86 and objectives of the work item are as follows [1],

Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode
In this contribution, we discuss the enhancements on UL time and frequency synchronization for NTN.
Enhancements on UL time and frequency synchronization
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Figure 1. (a) Latency from terminal to satellite and (b) maximum difference of the latency within 50 km-radius cell, according to elevation angles for altitudes of 780, 1200, 2000 km.

Due to very long distance from the UE on the ground to a satellite, very large delay should occur. Fig.xx-(a) shows the latency from a terminal and a satellite for different altitudes and elevation angles. If the number of ground stations deployed is large enough, e.g., there is at least one ground station within the coverage of a satellite, the worst-case one-way latency from a terminal to a ground station should be under 40 ms consisting of double of the maximum latency depicted in Fig. xx-(a) showing the latency from a terminal to a satellite. Considering the maximum required latency of voice and video calls are 100 ms and 150 ms, respectively, a one-way latency of 40 ms meets the QoS requirements for applications such as voice calls and video streaming. However, it presents a challenge in one area of NR air interface, especially, random access procedure, which is the first step for a terminal to access the network. Once a terminal transmits a preamble to initiate random access procedure, it needs to receive a response back within a time window. For NR, it can be over 100 ms by proper configuration of control resource for random access and utilization of 2-step RACH procedure. 
After random access procedure, the latency should be handled either by using network scheduling or by using timing advance (TA) in order to synchronize the UL timing from the terminals within a cell. If the network indicates or compensates the propagation delay between the satellite and the reference terminal location of the cell, the residual latency comes from the different locations among the terminals within a cell. Fig. xx -(b) shows the maximum difference of the one-way latency within a cell of 50 km radius according to the elevation angle for different altitudes of satellites. It can be seen that the maximum differences of the one-way latency are almost the same for different altitudes of satellites except at the elevation angle of about 90°. Since the TA mechanism for UL synchronization in 5G NR covers up to 2 ms, the difference of the latency within a cell of 50 km radius among the terminals could be accommodated by reusing 5G NR for the satellite link.
There could be two different approaches for pre-compensation of the delay in order to make UL synchronization among different UEs as below.
· Approach 1. A UE pre-compensates the TA based on the location information of the satellite and itself.
· Approach 2. A gNB indicates the total TA to the UE. 
Under the assumption that the UE has GNSS-capable and it can be aware of its location using GNSS, Approach 1 seems feasible. For Approach 1, the processing time might need to be considered for calculation of its location.
In Approach 2, as studied in SI phase of NTN, the total TA could be divided into common TA and differential TA values. And the common TA is indicated to all UEs within the same beam while the differential TA is indicated as UE-specific signaling.
Observation 1: Two approaches for TA compensation, i.e., autonomous compensation at the UE and gNB indication, are feasible. 
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Figure 2. (a) Doppler shift and (b) maximum difference of the Doppler shift within 50 km-radius cell, according to elevation angles for altitudes of 780, 1200, 2000 km, for the center frequency 1.6 GHz
In order to maintain the orbit, LEO satellite should have the orbital velocity around 7~8 km/s. Due to the extremely high speed of an LEO satellite, the satellite link is subject to severe Doppler shifts. The value of Doppler shift depends on not only the locations of a satellite and a terminal, but also the trajectory of the satellite. With the assumption that the terminal is beneath the satellite trajectory and the effect of the rotation of the earth is ignored, the Doppler shift from the terminal side is shown in Fig. 2-(a).
Doppler shift on the UL needs a pre-compensation before it is transmitted by terminals. Differently from latency, even though the network indicates or compensates the Doppler shift between the satellite and the reference terminal location of the cell, the residual Doppler shift shown in Fig. 2-(b) cannot be accommodated just by reusing 5G NR.
Similar to the delay, there could be two approaches for pre-compensation of UL Doppler shift at the UE side.
· Approach 1. A UE pre-compensates the Doppler shift based on the location information of the satellite and itself.
· Approach 2. A gNB indicates the Doppler shift to the UE. 
The first approach to pre-compensate the Doppler shift is to have the terminal estimate it based on the relative location of itself and the satellite. This approach would require prior knowledge of the satellite location at the terminal. The second approach would be to estimate at the UL receiver, e.g., satellite or base station on the ground, for each terminal. Based on the estimate, the satellite or the base station on the ground indicates how much pre-compensation needs to be applied to each terminal.
Observation 2: Two approaches for Doppler shift compensation, i.e., autonomous compensation at the UE and gNB indication, are feasible. 
As shown in Figure 3, both satellite and HAPS can be deployed in NTNs. A key difference between a NTN and a common terrestrial network is that NTN is usually with much larger propagation delays due to the high altitude. In TR 38.811, the design of NTN targets base station (BS) heights ranging from 8 km to 35786 km, which are equivalent to propagation delays in the range [66.7μs, 120ms]. In practice, this propagation delay can be even larger than 120ms because of multipath effects. 
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Fig. 3 Deployment scenarios in NTN.
As a result, the existing timing advance range cannot support such long propagation delay and thus some enhancements need to be supported to obtain the UL timing advance.
Proposal 1: Range of UL TA should be increased to accommodate large propagation delay.
	Considering the extremely long propagation delay, the TA value can be much larger than that of terrestrial cellular networks. A cell-specific common TA value can be broadcasted by the satellite so the UE only needs to handle the residual TA. However, even the residual TA can be significant especially for GEO satellite where the cell size can be up to 1000 kms. One solution is to extend the current TA value range for NTN. However, another alternative is to assume a set of TA values consisting multiple TA values. For example, one cell can be divided into three zones as shown in Fig. 4.
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Fig. 4 Multiple TA values for multiple zones.
	For the central zone one, the reference point for TA value is the central point of a cell. For the surrounding zone 1 and 2, the reference point can be chosen as point A and B, respectively. In total three TA values can be assumed and which TA value is assumed by the UE can either be signalled by the satellite or derived by the UE itself if it knows its own location.
Proposal 2: Multiple reference points and common TA values should be considered for extremely large cells.
	Moreover, it is observed that the common propagation delay varies remarkably according to the location of the gNB, e.g. according to the type of the satellite. For example, if the gNB is GEO, the common propagation delay can be as large as more than 100 ms, while if the gNB is LEO, the common propagation delay can be only tens of ms. This large difference of delay propagation implies a different granularity and offset when indicating the common TA, wherein the granularity and offset can be determined from the NTN type. For this purpose, we propose a signaling of NTN type in SIB (e.g. SIB1) to facilitate the indication of common TA(s), and a particular example can be, for each of the indicated TA, SIB include a field of TA indication  and a NTN type indication , and the UE determines an offset  and a scaling factor  based on  (e.g. this determination can be based on a table in the specification), then calculates the common TA according to . 
Other use case of the NTN type, especially for higher layers, can be found in our companion contribution. 
Proposal 3: Signaling NTN type in SIB should be supported.
Conclusions 
In this contribution, we discussed the enhancements on UL time and frequency synchronization for NTN. Our proposals are summarized below.
Observation 1: Two approaches for TA compensation, i.e., autonomous compensation at the UE and gNB indication, are feasible. 
Observation 2: Two approaches for Doppler shift compensation, i.e., autonomous compensation at the UE and gNB indication, are feasible. 
[bookmark: _GoBack]Proposal 1: Range of UL TA should be increased to accommodate large propagation delay.
Proposal 2: Multiple reference points and common TA values should be considered for extremely large cells.
Proposal 3: Singaling NTN type in SIB should be supported.
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