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1 Introduction
The Study Item (SI) on solution evaluation for NR to support non-terrestrial network (NTN) has been approved in RAN #80 meeting, with the objectives to consolidate the potential impacts in TR 38.811 and identify the related solutions if needed [1]. It has been identified in TR 38.811 and TR 38.821 that the UE positioning information is beneficial for uplink timing advance and random access in NTN in terms of Doppler compensation and delay compensation [2], and the located country identification to enable country specific policies[3]. In this contribution we share our views on positioning enhancement in NTN for this SI.
2 Positioning Purposes 
In this section we repeat shortly the different potential purposes for positioning in NTN, which were presented in [10].
2.1 Delay compensation

Firstly to solve the timing advance challenge in NTN, the timing advance correction for one UE could be divided into satellite-specific common delay and UE-specific differential delay, where the satellite-specific common delay is known due to predictable satellite motion and can be broadcasted to the UE. The UE-specific differential delay can furthermore be split into a part based on the UE estimation, indicating the rough timing advance values, and a part based on the random access preamble, like in terrestrial networks. 

Observation 1: The UE-specific differential delay in NTN can be estimated based on 2 parts: the first relying on UE positioning information and the second based on the the random access preamble.

The UE positioning information can be derived at the UE side (for example by using Global Navigation Satellite System (GNSS) positioning and/or other positioning solutions) and/or derived at the network side. As NTN needs to work for non GNSS capable UEs, it is proposed to study the mechanism of UE-positioning-information-based uplink timing advance in this SI for NTN. The uplink timing advance of one UE might be changed due to the relative motion of this UE and its serving satellite, where the speed of the UE is about up to 1000 km/h, and the orbital speed of the serving satellite is up to [27000] km/h. Therefore, the UE-positioning-information-based uplink timing advance adjustment due to the relative motion of UE and satellite should be studied.
Proposal 1:  Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 
2.2  Doppler compensation
The Doppler shift depends on the frequency band and the relative velocity of the transmitter and the receiver. Compared with the terrestrial network, the impact of Doppler shift and Doppler shift variation on wireless communication will be worst in LEO-based NTN due to the satellite orbital motion [6]. For example, in the LEO scenario with the earth fixed UE, the maximul Doppler shift can be ±24 ppm (i.e. ±48 kHz at carrier frequency of 2 GHz, ±480 kHz at carrier frequency of 20 GHz and ±720 kHz at carrier frequency of 30 GHz) and the maximal Doppler variation rate can be ±0.27 ppm/s [3]. As a result, the fast Doppler compensation technology appears to be a key issue for the satellite data transmission systems. The Doppler shift can be derived based on the information of positions and velocities of the satellite and the UE. Consequently, it is possible for UE to adjust its frequency offset if this UE knows the information of postions and velocities of the satellite and the UE. Therefore it is proposed to study UE positioning for the Doppler pre-compensation in NTN. 
Proposal 2: Study UE positioning techniques in NTN for Doppler pre-compensation.  

2.3  Mobility

UEs in a LEO based NTN will experience frequent mobility events even when they are not moving, due to movement of the satellite. These mobility events are highly deterministic and can therefore be based on the location of the user or a combination of the user location and UE measurements. This will ensure that the mobility events improve in reliability and the overload from frequent measurmenets can potentially be lowered.
Proposal 3: Study UE positioning techniques in NTN for mobility support.  

2.4 Located country identification

NTN is expected to provide global, or at least multi-country coverage. This imposes new challenges as compared to the national terrestrial networks. For example, a NTN may apply different charging policies for different countries, national authorities may demand the possibility of lawful intercept, and different countries may demand certain services are offered/banned. Finally, there are also international areas such as oceans, which may impose yet another set of policies. Furthermore, it is evident that various countries may require different policies, and the policy are enforced when the UE is RRC CONNECTED mode. Considering the goal of positioning in NTN, i.e. determining in which country a UE is, in order to apply the right policies, charging and so on, the accuracy may be different from what is required for terrestrial network positioning.
Proposal 4: Study UE positioning techniques in NTN for country identification. 
3 Existing Positioning Methods
GNSS positioning makes use of UEs that are equipped with radio receivers capable of receiving GNSS signals for UE positioning purpose. Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), Quasi Zenith Satellite System (QZSS), and BeiDou Navigation Satellite System (BDS). In this concept, different GNSSs (e.g. GPS, Galileo, etc.) can be used separately or in combination to determine the location of a UE. Based on the GNSS positioning information from the UE, the network can simply map the UE to a country and then apply the correct policies. Additionally, besides the UE positioning information, the UE also can obtain the motion information of the possible serving satellites according to the ephemeris of the satellite constellation. According to the UE positioning information and the satellite motion information, the UE can further derive Doppler information and delay information for Doppler compenstation and delay compensation. Furthermore also information which can be used for mobility events can be deducted from this information. However we cannot assume that all UEs support GNSS, so this does not fulfil the target for all UEs. In addition, some UEs might send a fake GNSS-based position to avoid certain policy restrictions or get different charging in the first place. By combining with 3GPP positioning methods, this may be detected.
Observation 2: With GNSS information, the network can identify the country the UE is located in, and the UE can derive Doppler information and delay information for Doppler compensation and delay compensation plus use the information for supporting mobility events.

Observation 3: Not all UEs support GNSS or may fake their GNSS position.

Observed Time Difference Of Arrival (OTDOA) positioning makes use of the measured arrival time difference of downlink signals received from multiple fixed transmission points (TPs) at the UE. The UE measures time of arrival (ToA) of received signals based on the assistance data received from the location sever, and the resulting measurements are used to locate the UE in relation to the fixed neighbouring TPs [5]. As in NTN the TPs are moving, the existing OTDOA positioning is unable to support the positioning purposes discussed in Section 2. Additionally, this existing OTDOA method requires that enough number of TPs are measured within one time window for one RSTD measurement report, while in the case of NTN networks there may not be multiple TPs visible within this time window. Therefore OTDOA as specified today does not work for NTN networks. 
Observation 4: OTDOA does not function well for NTN networks.

In TS 38.305, several other methods are mentioned, like Enhanced Cell-ID (E-CID) positioning, but they all suffer from drawbacks which makes them not feasible for NTN. The large cell sizes in NTN make E-CID unattractive for example. Currently there is also work ongoing on positioning in the NR SI [7], but the scope is different as very accurate positioning is targeted and moreover the studied solutions are after network access. As described in Section 2, the UE positioning information can be used for Doppler compensation, uplink timing advance, mobility support and located country identification in NTN. Based on the analysis in [6], it is necessary to complete preliminary Doppler pre-compensation during initial synchronization, achieve preliminary uplink timing advance no later than random access procedure, and identify the located country as early as possible. Therefore the solution for initial UE-based positioning no later than initial access procedure will be expected in NTN with the consideration of additional requirements from RAN3 for located country identification. Hence it is proposed to study the solution for UE positioning before the initial random access procedure in NTN.
Proposal 5: Study positioning methods in NTN SI.
4 UE Positioning in NTN

As pointed out in the previous section, the existing methods cannot provide the positioning information for Doppler compensation, uplink timing advance and located country identification for all NTN UEs. Therefore, to tackle these challenges, we propose the methods of tracking-based positioning and ToA-based positioning for NTN.
4.1 Tracking Based Positioning for NTN

For non-stationary satellites, the DL Doppler shift and the UL timing advance of one fixed UE vary over time according to the functions related to UE location, satellite altitude and velocity, and carrier frequency as shown in the example provided in Figure 1 (LEO scenarios with Ka band). Therefore, during DL synchronization for non-stationary satellites, UL timing advance, DL Doppler shift and UE location can be estimated by tracking time and frequency shift of DL reference signal, for example synchronization reference signal. The estimated information can be used for UL Doppler compensation and UL timing advance adjustment in uplink transmission (including following random access procedure) and UE location for positioning purpose. Since this is time-and-frequency-tracking-based 
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              (a) Satellite & UE                                (b) DL Doppler shift                                (c) UL timing advance
Figure 1. Example of DL Doppler shift and UL timing advance in LEO with Ka band

solution, even the UE location is not fixed, the estimate information can be updated with UE movement because the satellite movement is main factor resulting in time and frequency shift in NTN.
Proposal 6: Include the track based positioning method for NTN into TR 38.821.
4.2 TOA Based Positioning for NTN 
The ToA-based method isbased on OTDOA with the minimal enhancements:
1. A minimum positioning reporting period is configured to the UE. 

2. The UE is configured with a minimum number of cells to measure. After it has measured the Time of Arrival (TOA)  from this number of satellites it can stop measuring until the next positioning period starts. The UE stores the measured TOA together with the Cell ID and the reference timing, representing the time of the measurement.
3. The UE is allowed to measure the same satellite several times as long as there is a minimum time between the measurements. This is to ensure that the satellite has moved enough to be seen as a new location. 
4. At the opportunity when the UE gets active the UE sends the TOA values from the different satellites and the timestamps they are taken to the network and location server.

5. The location server has knowledge of the location of every satellite at every time and can therefore deduct the location of the UE in question based on the TOA values, cell IDs and the timestamps.
Note the UE location is estimated before the UE becomes RRC_connected, allowing the network to comply with regulations and policies of specific areas/locations, i.e. potentially preventing the UE from accessing the network.
An example of the method: a UE measures ToA of the reference signals of a number of satellite points as shown in Figure 2 with the details below.
· At Time t1, the UE measures the ToA1 to satellite cell 1 at orbit 1. 

· At Time t2, the UE measures the ToA2 to satellite cell 2 at orbit 2 or satellite cell 1 at a second position. As the satellites move the location is different and provided the satellite has moved enough we can reuse the same satellite cell.

· At Time t3, the UE measures the ToA3 to satellite cell 3 at orbit 3 or of satellite 1 or 2 at a third position.
Note that Time t1, Time t2 and Time t3 might be same or different, and the TOA can be measured on the same reference symbols as OTDOA and more than 3 measurement instants can be used to gain higher accuracy.
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Figure 2. Illustration of the TOA based positioning method for NTN

The UE provides the network with this measured information, such the network can estimate the position. This information can be given back to the UE such it can derive timing advance, Doppler information and potentially the country or the network can calculate this value for the UE and provide the calculated values directly. 

Proposal 7: Include the TOA based positioning method for NTN into TR 38.821.
5 Conclusions
In this contribution, we share our views on UE positioning in NTN with following observations and proposals.
Observation 1: The UE-specific differential delay in NTN can be estimated based on 2 parts: the first relying on UE positioning information and the second based on the the random access preamble.

Proposal 1:  Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 
Proposal 2: Study UE positioning techniques in NTN for Doppler pre-compensation.  

Proposal 3: Study UE positioning techniques in NTN for mobility support.  

Proposal 4: Study UE positioning techniques in NTN for country identification. 
Observation 2: With GNSS information, the network can identify the country the UE is located in, and the UE can derive Doppler information and delay information for Doppler compensation and delay compensation plus use the information for supporting mobility events.

Observation 3: Not all UEs support GNSS or may fake their GNSS position.

Observation 4: OTDOA does not function well for NTN networks.

Proposal 5: Study positioning methods in NTN SI in RAN1 with the consideration of additional requirements from RAN3.
Proposal 6: Include the track based positioning method for NTN into TR 38.821.
Proposal 7: Include the TOA based positioning method for NTN into TR 38.821.
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Annex: TP for TR 38.821
X  UE Positioning
UE location information is useful for determination of timing advance and Doppler frequency, helpful for mobility optimisation, and needed for country determination. Conventional methods like OTDOA do not work for moving LEO satellites due to the fact that the reference points. Therefore the following methods can be considered to support UE positioning as follows:
X.1 Tracking-Based UE positioning 

For non-stationary satellites, the DL Doppler shift and the UL timing advance of one fixed UE vary over time according to the functions related to UE location, satellite altitude and velocity, and carrier frequency as shown in the example provided in Figure X.1 (LEO scenarios with Ka band). Therefore, during DL synchronization for non-stationary satellites, UL timing advance, DL Doppler shift and UE location can be estimated by tracking time and frequency shift of DL reference signal, for example synchronization reference signal. The estimated information can be used for UL Doppler compensation and UL timing advance adjustment in uplink transmission (including following random access procedure) and UE location for positioning purpose. Since this is time-and-frequency-tracking-based solution, even the UE location is not fixed, the estimate information can be updated with UE movement because the satellite movement is main factor resulting in time and frequency shift in NTN.
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              (a) Satellite & UE                                (b) DL Doppler shift                                (c) UL timing advance
Figure X.1. Example of DL Doppler shift and UL timing advance in LEO with Ka band

X.2 ToA-Based UE positioning 
The ToA-based UE positioning is based on OTDOA with minimal enhancements below
1. A minimum positioning reporting period is configured to the UE. 

2. The UE is configured with a minimum number of cells to measure. After it has measured the Time of Arrival (TOA)  from this number of satellites it can stop measuring until the next positioning period starts. The UE stores the measured TOA together with the Cell ID and the reference timing, representing the time of the measurement.

3. The UE is allowed to measure the same satellite several times as long as there is a minimum time between the measurements. This is to ensure that the satellite has moved enough to be seen as a new location. 

4. At the opportunity when the UE gets active the UE sends the TOA values from the different satellites and the timestamps they are taken to the network and location server.

5. The location server has knowledge of the location of every satellite at every time and can therefore deduct the location of the UE in question based on the TOA values, cell IDs and the timestamps.

Note the UE location is estimated before the UE becomes RRC_connected, allowing the network to comply with regulations and policies of specific areas/locations, i.e. potentially preventing the UE from accessing the network.

An example of the method: a UE measures ToA of the reference signals of a number of satellite points as shown in Figure X.2 with the details below.
· At Time t1, the UE measures the ToA1 to satellite cell 1 at orbit 1. 

· At Time t2, the UE measures the ToA2 to satellite cell 2 at orbit 2 or satellite cell 1 at a second position. As the satellites move the location is different and provided the satellite has moved enough we can reuse the same satellite cell.

· At Time t3, the UE measures the ToA3 to satellite cell 3 at orbit 3 or of satellite 1 or 2 at a third position.

Note that Time t1, Time t2 and Time t3 might be same or different, and the TOA can be measured on the same reference symbols as OTDOA and more than 3 measurement instants can be used to gain higher accuracy.
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Figure X.2. Illustration of the TOA based positioning method for NTN

The UE provides the network with this measured information, such the network can estimate the position. This information can be given back to the UE such it can derive timing advance, Doppler information and potentially the country or the network can calculate this value for the UE and provide the calculated values directly. 
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