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1. Introduction
A new study item on NR to support Non-Terrestrial Networks (NTN) was approved in RAN#75 [1]. This study item aims to study the channel models (propagation conditions, mobility); define the deployment scenarios as well as the related system parameters, and identify any key impact areas that may need further evaluations for NTN. In this contribution, we discuss the deployment scenarios and PTRS design for NTN.
2. Discussions
2.1 Deployment scenarios 

One of the main benefits of NTN is to enable ubiquitous 5G services to UEs by extending the connectivity in less densely populated areas with extremely low density of devices and traffic but much longer communication ranges. The main challenge in such underserved areas is that the resources and infrastructure are limited and therefore it is very difficult for terrestrial network to provide 5G coverage. Non-Terrestrial networks are expected to guarantee early and ubiquitous roll-out 5G services in such underserved areas via spaceborne or airborne platforms. In addition to the cost factor, the speed of deployment with spaceborne or airborne platforms are much faster, enabling the communities in underserved areas to reap the benefits of 5G services far earlier. This speed of 5G service activation mostly depends on the fact that the spaceborne or airborne platforms do not need to depend on the traditional backhaul options but can employ novel wireless backhaul solutions deployed in a much faster manner.
The mobility of the spaceborne or airborne platforms allows other ad-hoc deployment scenarios. For example, in disaster and emergency situations network connectivity for emergency services need to be set-up swiftly. These ‘above the ground’ platforms provide a viable alternative when the infra-structure on the ground may be damaged or destroyed in situations like earthquakes and floods. They can be moved to the required positions swiftly, avoiding the hazardous conditions on the ground.

There are other scenarios where temporary deployments are needed, but in a more planned manner. For example, rural, mountainous areas become seasonal tourist hotspots for skiing in winter and for hiking in summer. These spaceborne or airborne platforms can be generated on demand basis to provide reliable coverage for these seasonal crowds. The overall cost of deployment will be much less, than providing permanent infra-structure on the ground. In addition, in terms of providing reliable coverage in mountainous areas, ‘the above the ground’ platforms can have a distinct advantage. 

2.2 PTRS Design consideration 
Some of the main features of NR PTRS design are summarized as follows.

· PTRS design is PN model dependent;
· The main objectives of PTRS are CPE compensation and CFO/Doppler estimation;
· PTRS density and pattern depend on allocated bandwidth and MCS

· Density and pattern in time domain depend on MCS only


· Density and pattern in frequency domain depend on allocated BW only

    Firstly, In NR, the main use case for PTRS is above 6GHz where the phase noise error will degrade the performance significantly. In NTN, airborne/spaceborne vehicles might act as a relay and be connected to the ground node via wireless backhaul using mmWave. It is also possible to use Ka band for satellite communications. In this regard, PTRS could be useful from higher carrier frequency perspective. Secondly, even though it is agreed that NR PTRS can also be used for CFO and Doppler estimation, most of the evaluation results are mainly based on CPE compensation. Due to the extreme long distance between the transmitter and the receiver, modulation order tends to be low. If PTRS is only considered for CPE compensation, since the performance of low modulation order will not be significantly affected, whether or not PTRS is needed might be questionable. However, it has been proposed that eMBB should be supported for NTN and the modulation order might not always be low. Moreover, considering the high speed of airborne/spaceborne vehicles, CFO and Doppler shift/spread might be worse in NTN and therefore CFO and Doppler estimation could be as important as CPE compensation. PTRS could be useful in such use cases, especially in the uplink transmission where TRS is not used. In addition, speed of the airborne/spaceborne vehicles might also need to be considered. 
Observation 1: PTRS should be considered for NTN.
        Secondly, PN models for DVB-S2X is defined in [2]. As shown in the below figure, NTN PN models are significantly different from NR PN model [3]. Therefore, with this different PN model, PTRS might need to be re-designed for NTN. As aforementioned, the PN model of NTN is significantly different from NR PN model. In such a case, the time and frequency density/pattern tables might need to be redesigned by taking the new PN model into consideration. New evaluations should be done to evaluate whether redesign the threshold sets for both the time density table and the frequency density tables is needed or not. 
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Figure 1 Comparison between DVB-S2X PN models and NR PN model.
Since the cell size in NTN is much larger than terrestrial network, the main objective of some NTN use cases is to ensure coverage so that the minimum size of resources for scheduling could be as small as a single RB or sub-carrier. In such a case, there is a need to define a resource entity smaller than RB for PTRS frequency density. For example, RB/n, so that it is possible to have n PTRS subcarriers in a single RB. Moreover, because of the large cell size, PAPR is important at the UE side and DFT-s-OFDM can be considered for low PAPR. The PTRS density and pattern of DFT-s-OFDM are different from CP-OFDM. In such a case, PTRS density and pattern might also need to be re-designed for DFT-s-OFDM to overcome some of the issues in NTN, e.g., the FFT window at the receiver might not be fully aligned with that at the transmitter. 
Observation 2: PTRS need to be re-designed for NTN due to different PN models and use cases.
3. Conclusions
In this contribution, we have discussed potential channel modelling principles for HAPS. We have the following proposals.
Observation 1: PTRS should be considered for NTN.
Observation 2: PTRS need to be re-designed for NTN due to different PN models and use cases.
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