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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the March 2017 RAN plenary meeting in Dubrovnik, a new Study Item on NR to support Non-Terrestrial Networks was approved [1]. Non-terrestrial networks (NTNs) refer to networks, or segments of networks, using an airborne or spaceborne vehicle for transmission [1]. The SI Description was updated during the June 2017 RAN plenary meeting in West Balm Beach [2]. 
This contribution (revised from [3]) discusses the HAPS channel modeling based on Ray Tracing Simulation.
Scenario Description
We obtained small-scale channel characteristics for High altitude platform station (HAPS) channel through ray tracing simulation. The carried frequency was 2 GHz. One UMa scenario with two different HAPS heights, 8 km and 20 km, were simulated. The elevation angle of HAPS was varied from 10° to 90°, shown in Figure 1, where the elevation angle was defined according to the city centre. 
[image: C:\Users\m00392567\AppData\Roaming\eSpace_Desktop\UserData\m00392567\imagefiles\B8BD7BB0-1E10-47DF-8B5B-80F8135BE6EF.png]
[bookmark: _Ref505673176]Figure 1. Overview of simulation scenario with HAPS 20 km height.
The scenario is in Shanghai, where the height of the tallest building is 180 m. The 2D and 3D scenarios are shown in Figure 2. The average height of other buildings is about 30 meters. The UE height was set as 1.5 m. The UEs were dropped on the whole scenario with 20 m spacing resolution, please refer to Figure 3. In total, there were 5089 UEs in the scenario. Note that we did not consider transmission mechanism in the ray tracing simulation, which meant that the UEs located in the indoor scenario were invalid. The omni-directional antennas were used at both sides of HAPS and UEs.
[image: ]  [image: ]
(a) 2D scenario                       (b) 3D scenario
[bookmark: _Ref505674348]Figure 2. 2D and 3D scenarios. 
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[bookmark: _Ref505674632]Figure 3. UE locations with 20m spacing resolution.
Ray Tracing Simulation 
In the ray tracing simulation, we took into account line of sight (LOS), up to fourth-order reflection and single-order diffraction. We obtained the channel information including delay, power, azimuth angle of arrival (AoA), azimuth angle of departure (AoD), elevation angle of arrival (EoA) and elevation angle of departure (EoD) of each multipath component. 
In the data processing, we calculated the LOS probability, AoA spread (ASA), EoA spread (ESA), AoD spread (ASD) and EoD spread (ESD). In the following, the simulation results are presented. 
Received Power 
Firstly, the received power at UEs according to different elevation angle and HAPS height are checked. In Figure 4, we plot the relevant results where the selected different elevation angles are 10°, 50° and 90° and HAPS heights are 8 km and 20 km. It can be observed that the received power increases with the increased elevation angles when HAPSs are at the same height. Moreover, the received power decreases with the increased HAPS height when the elevation angles are same.
[image: ][image: ]
 (a) Elevation angle 10° - HAPS 8 km height  (b) Elevation angle 10° - HAPS 20 km height
[image: ][image: ]
(c) Elevation angle 50° - HAPS 8 km height  (d) Elevation angle 50° - HAPS 20 km height
[image: ][image: ]
(e) Elevation angle 90° - HAPS 8 km height  (f) Elevation angle 90° - HAPS 20 km height
[bookmark: _Ref505679894]Figure 4. Received power at UEs according to different elevation angle (10°, 50° and 90°) and HAPS height (8 km and 20 km).
Observation 1:  Received power increases with the increased elevation angles when HAPSs are at the same height. Moreover, the received power decreases with the increased HAPS height when the elevation angles are same. 
LOS Probability 
The LOS probability is calculated based on the number of LOS UEs and the total number of valid UEs. Valid UEs are the ones located in outdoor, whose number is about 3228. Table 1 and Table 2 show the LOS probability when HAPSs are with 8km and 20km height, respectively. We also plotted the results in Figure 5, where it can be seen that the LOS probability increases with the increased elevation angles when HAPSs are at the same height. Moreover, the LOS probabilities are almost the same at two different HAPSs height when the elevation angles are same. 
[bookmark: _Ref505681546]Table 1. LOS probability when HAPS is with 8 km height.
	HAPS Elevation 
	Number of LOS UEs
	LOS Probability

	10°
	611
	18.93%

	20°
	1235
	38.26%

	30°
	1668
	51.67%

	40°
	2027
	62.79%

	50°
	2331
	72.21%

	60°
	2581
	79.96%

	70°
	2808
	86.99%

	80°
	3029
	93.84%

	90°
	3177
	98.42%



[bookmark: _Ref505681552]Table 2. LOS probability when HAPS is with 20 km height.
	HAPS Elevation 
	Number of LOS UEs
	LOS Probability

	10°
	623
	19.30%

	20°
	1236
	38.29%

	30°
	1679
	52.01%

	40°
	2021
	62.61%

	50°
	2331
	72.21%

	60°
	2581
	79.96%

	70°
	2819
	87.33%

	80°
	3047
	94.39%

	90°
	3218
	99.69%
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[bookmark: _Ref505681904]Figure 5. LOS probability at two different HAPS heights.
Observation 2:  LOS probability increases with the increased elevation angles when HAPSs are at the same height. 
Delay Spread Analysis
CDFs of delay spread at two different HAPS heights are shown in Figure 6, which are divided into LOS and NLOS cases, respectively. We further plot the mean and standard deviation of delay spread in Figure 7. Considering all elevation angles, the maximum delay spread in NLOS case with HAP 8 km height is larger than 2000 ns, while with HAP 20 km height it is larger than 1500 ns. It can be observed that the mean delay spread in NLOS case is higher than the one in LOS case at the same elevation angle with the same HAPS height. Moreover, no matter LOS or NLOS case, the mean delay spread at HAPS 8km is higher than the one at HAPS 20 km at the same elevation angle. The standard deviation of delay spread has the same variation trend as the mean delay spread. Due to the minimum received power limitation and ray launching algorithm in the software, the geometry and the power of the multipath components at the same UE at two different heights are not exactly the same. Therefore, we can see the delay spread differences at two different heights. 
[image: ][image: ]
(a) CDF of delay spread - HAPS 8km LOS  (b) CDF of delay spread - HAPS 8km NLOS
[image: ][image: ]
(c) CDF of delay spread - HAPS 20 km LOS   (d) CDF of delay spread - HAPS 20 km NLOS
[bookmark: _Ref505695938]Figure 6. CDFs of delay spread at two different HAPS heights.
[image: ][image: ]
        (a) Mean delay spread               (b) Standard deviation of delay spread
[bookmark: _Ref505696220]Figure 7. Mean and standard deviation of delay spread. 
Observation 3: Considering all elevation angles, the maximum delay spread in NLOS case with HAP 8km height is larger than 2000ns, while with HAP 20km height it is larger than 1500ns.
Angular Spread Analysis
ASD Analysis
CDFs of ASD at two different HAPS heights are shown in Figure 8, which are divided into LOS and NLOS cases, respectively. Considering all elevation angles, the maximum ASD in NLOS case with HAP 8km height is larger than 15°, while the maximum ASD in NLOS case with HAP 20 km height is about 1.5°. Considering all elevation angles with two different HAP height, the maximum ASD in LOS case is about 0.5°.We further plot the mean and standard deviation of ASD in Figure 9. It can be observed that the mean ASD in NLOS case is higher than the one in LOS case at the same elevation angle with the same HAPS height. Moreover, the mean ASD at HAPS 8km is almost the same as the one at HAPS 20km at the same elevation angle in LOS case. Considering both LOS and NLOS cases, the maximum mean ASD value is 1°. The standard deviation of delay spread has the same variation trend as the mean delay spread. The maximum standard deviation of ASD is about 3° for all cases.
[image: ][image: ]
(a) CDF of ASD - HAPS 8km LOS          (b) CDF of ASD - HAPS 8km NLOS
[image: ][image: ]
 (c) CDF of ASD - HAPS 20km LOS         (d) CDF of ASD - HAPS 20km NLOS
[bookmark: _Ref505696986]Figure 8. CDF of ASD at two different HAPS heights.
[image: ][image: ]
        (a) Mean ASD                   (b) Standard deviation of ASD
[bookmark: _Ref505696995]Figure 9. Mean and standard deviation of ASD.
ESD Analysis
CDFs of ESD at two different HAPS heights are shown in Figure 10, which are divided into LOS and NLOS cases, respectively. Considering all elevation angles with two different HAPS height, the maximum ESD in LOS case is smaller than 0.5° and in NLOS case is smaller than 1.5°.We further plot the mean and standard deviation of ESD in Figure 11. It can be observed that the mean ESD in NLOS case is higher than the one in LOS case at the same elevation angle with the same HAPS height. Moreover, no matter LOS or NLOS case, the mean ESD at HAPS 8 km is higher than the one at HAPS 20 km at the same elevation angle. The maximum mean ESD value is 0.07° for all cases. The standard deviation of delay spread has the same variation trend as the mean ESD. The maximum standard deviation of ESD is about 0.15° for all cases. 
[image: ][image: ]
(a) CDF of ESD - HAPS 8km LOS          (b) CDF of ESD - HAPS 8km NLOS
[image: ] [image: ]
 (c) CDF of ASD - HAPS 20km LOS         (d) CDF of ASD - HAPS 20km NLOS
[bookmark: _Ref505697413]Figure 10 CDF of ESD at two different HAPS heights
[image: ][image: ]
        (a) Mean ESD                   (b) Standard deviation of ESD
[bookmark: _Ref505697422]Figure 11 Mean and standard deviation of ESD.
ASA Analysis
CDFs of ASA at two different HAPS heights are shown in Figure 12, which are divided into LOS and NLOS cases, respectively. We further plot the mean and standard deviation of ASA in Figure 13. It can be observed that the mean ASA in NLOS case is higher than the one in LOS case at the same elevation angle with the same HAPS height. Moreover, no matter LOS or NLOS case, the mean ASA at HAPS 8km is higher than the one at HAPS 20 km at the same elevation angle. The maximum mean ASA value is 30° for all cases. The standard deviation of ASA has the same variation trend as the mean ASA. The maximum standard deviation of ASA is about 35° for all cases. Comparing with the mean and standard deviation of ASD, ASA values are larger. The reason is that the high buildings around UEs cause diffraction and reflection propagation. 
[image: ][image: ]
(a) CDF of ASA- HAPS 8km LOS          (b) CDF of ASA - HAPS 8km NLOS
[image: ] [image: ]
 (c) CDF of ASA - HAPS 20km LOS         (d) CDF of ASA - HAPS 20km NLOS
[bookmark: _Ref505697728]Figure 12. CDF of ASA at two different HAPS heights
[image: ][image: ]
        (a) Mean ASA                   (b) Standard deviation of ASA
[bookmark: _Ref505697750]Figure 13. Mean and standard deviation of ASA.
ESA Analysis
CDFs of ESA at two different HAPS heights are shown in Figure 14, which are divided into LOS and NLOS cases, respectively. We further plot the mean and standard deviation of ESA in Figure 15. It can be observed that the mean ESA in LOS case is higher than the one in NLOS case at the same elevation angle from 50° to 90° with the same HAPS height, while ESAs in LOS and NLOS cases at the same elevation angle from 10° to 40° are almost the same. Moreover, in LOS case, the mean ESA at HAPS 8km is almost the same as the one at HAPS 20km at the same elevation angle and the ESAs increase along with the increased elevation angles. The maximum mean ESA value is about 80° for all cases. The standard deviation of ESA in LOS case has the same variation trend as the mean ESA in LOS case. The maximum standard deviation of ESA is about 35° for all cases. Comparing with the mean and standard deviation of ESD, ESA values are larger. The reason is that the high buildings around UEs cause diffraction and reflection propagation. 
[image: ][image: ]
(a) CDF of ESA- HAPS 8 km LOS          (b) CDF of ESA - HAPS 8 km NLOS
[image: ] [image: ]
 (c) CDF of ESA - HAPS 20 km LOS         (d) CDF of ESA - HAPS 20 km NLOS
[bookmark: _Ref505700728]Figure 14. CDF of ESA at two different HAPS heights
[image: ][image: ]
        (a) Mean ESA                  (b) Standard deviation of ESA
[bookmark: _Ref505700733]Figure 15. Mean and standard deviation of ESA.
Observation 4: Considering all elevation angles, the maximum ASD in NLOS case with HAPS 8 km height is larger than 15°, while the maximum ASD in NLOS case with HAP 20 km height is about 1.5°. Considering all elevation angles with two different HAPS height, the maximum ASD in LOS case is about 0.5°. The maximum ESD in LOS case is smaller than 0.5° and in NLOS case is smaller than 1.5°. Moreover, the maximum ASA and ESA are much larger than ASD and ESD values, because of the high buildings around UEs diffraction and reflection propagation. Furthermore, we found that the ASAs are more influenced than ESAs by the HAPS heights. 
According to the above analysis, we think that multipath fading channel is valid for HAPS and UE propagation. 
Proposal 1: Multipath fading channel is valid for HAPS and UE propagation, so new channel modeling parameters should be extracted for the HAPS communication scenario. 
Conclusion
In this contribution, we have analyzed the HAPS channel characteristics based on ray tracing simulation. We have identified the observations and proposals as following: 
Observation 1:  Received power increases with the increased elevation angles when HAPSs are at the same height. Moreover, the received power decreases with the increased HAPS height when the elevation angles are same. 
Observation 2:  LOS probability increases with the increased elevation angles when HAPSs are at the same height. 
Observation 3: Considering all elevation angles, the maximum delay spread in NLOS case with HAPS 8 km height is larger than 2000 ns, while with HAPS 20 km height it is larger than 1500 ns.
Observation 4: Considering all elevation angles, the maximum ASD in NLOS case with HAPS 8 km height is larger than 15°, while the maximum ASD in NLOS case with HAPS 20 km height is about 1.5°. Considering all elevation angles with two different HAPS height, the maximum ASD in LOS case is about 0.5°. The maximum ESD in LOS case is smaller than 0.5° and in NLOS case is smaller than 1.5°. Moreover, the maximum ASA and ESA are much larger than ASD and ESD values, because the high buildings around UEs cause diffraction and reflection propagation. Furthermore, we found that the ASAs are more influenced than ESAs by the HAPS heights. 
Proposal 1: Multipath fading channel is valid for HAPS and UE propagation, so new channel modeling parameters should be extracted for the HAPS communication scenario.
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