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1. Introduction
New radio (NR) targets a wide range of use cases in 5G. The application of a high altitude platform station (HAPS) in NR can not only serve eMBB but also URLLC scenarios [1]. In this case, a channel model for HAPS is needed for system design and evaluation. This contribution discusses certain channel modelling principles for HAPS.
2. Discussions
2.1 Antenna modelling
HAPS does not necessarily use similar antenna patterns as terrestrial NR gNB antennas. An antenna pattern model for HAPS has been proposed in ITU-R M.1456 [2] for carrier frequency at around 2 GHz. This HAPS antenna model is compared with the antenna model for NR proposed in TR 38.901 for carrier frequency from 0.5-100 GHz in Figure 1. It can be observed that the difference between the ITU-R HAPS antenna pattern model and the NR antenna pattern model is minor in the range of [0,90] degrees. As a result, to reduce specification efforts, we propose that the NR antenna pattern model is reused in HAPS channel modelling.
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Figure 1 Comparison between the ITU-R HAPS antenna pattern model and the NR antenna pattern model.
Proposal 1: HAPS channel model reuses the antenna pattern in TR 38.901.

2.2 Path loss, LOS probability and penetration modelling
Path loss models play important roles in link budget calculation. The ABG path loss model used in TR 38.901 provides a mature solution which has been used in a large number of classic channel models. It is apparent that parameters in the path loss model of HAPS should be different from those in the terrestrial path loss model, but the modelling approach can be reused.

Proposal 2: HAPS path loss model reuses the ABG path loss model in TR 38.901, but with different parameters.

The LOS probability model in TR 38.901 is established based on measurements with antenna heights of 3m for indoor, 10m for UMi, and 25m for Uma. However, HAPS has much larger height than terrestrial gNBs. As a result, the LOS probability model in TR38.901 cannot be reused directly. Measurements or ray-tracing simulations are needed to establish the LOS probability model of HAPS.
Proposal 3: The LOS probability model of HAPS is FFS.

An O2I penetration loss model has been proposed in TR 38.901. However, three dimensional O2I penetration loss model has been captured in the NR channel model, i.e., the indoor loss is determined by two dimensional distances to the walls of the building. As HAPS transmits signals from height altitude, a three dimensional O2I penetration loss model should be considered. Also, the loss caused by different floors should be taken into account.
Proposal 4: In the HAPS, a three dimensional O2I penetration loss model should be considered.

In the NR channel model, autocorrelation of shadow fading is modelled by an exponential decaying function with respect to distance. This model is also mature and can be reused as well.
Proposal 5: Consider reusing the autocorrelation model of shadow fading in TR 38.901, with correlation distances FFS.

2.3 Fast fading model and additional modelling components
The NR channel model assumes that there are scatterers around both the transmitter and receiver. However, at the height of HAPS, there are few scatterers at the transmitter. This difference may change the modelling approach of the HAPS channel model. As a result, it is not recommended to merge the HAPS channel model with TR38.901.

Proposal 6: Keep a separate TR for NTN channel model.
In downlink, due to that the scattering environment at the HAPS is different from the terrestrial gNB, the angular parameters at the base station side in the NR channel model cannot be directly reused.

Proposal 7: Angular parameters at the HAPS side are FFS.

Although the angular parameters at the UE side should be different from TR38.901 as well, the scatterer distribution at the UE side should have higher similarity to that of terrestrial scenarios. As a result, if time is limited, reusing angular parameters at the UE side in TR 38.901 may be considered.

Proposal 8: Reusing angular parameters at the UE side in TR 38.901 may be considered.

In order to fully support NR features, additional features in the NR channel model including oxygen absorption, large bandwidth and large antenna array, spatial consistency, blockage, correlation modelling for multi-frequency simulations, time-varying Doppler shift, UT rotation, and explicit ground reflection model should be considered.
Proposal 9: Reusing additional modelling components in the NR channel model should be considered.

3. Conclusions
In this contribution, we have discussed potential channel modelling principles for HAPS. We have the following proposals.
Proposal 1: HAPS channel model reuses the antenna pattern in TR 38.901.
Proposal 2: HAPS path loss model reuses the ABG path loss model in TR 38.901, but with different parameters.
Proposal 3: The LOS probability model of HAPS is FFS.
Proposal 4: In the HAPS, a three dimensional O2I penetration loss model should be considered.
Proposal 5: Consider reusing the autocorrelation model of shadow fading in TR 38.901, with correlation distances FFS.
Proposal 6: Keep a separate TR for NTN channel model.
Proposal 7: Angular parameters of HAPS at the transmitter side are FFS.
Proposal 8: Reusing angular parameters of HAPS at the receiver side may be considered.
Proposal 9: Reusing additional modelling components in the NR channel model should be considered.
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