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Introduction
In RAN#69, the SID for channel modelling above 6GHz [1] was approved. Among various modelling parameters, the pathloss (PL) describes the large scale attenuation of mean power as a function of travelling distance and is important for link budget analysis. Furthermore, with the blockage caused by the static objects such as buildings and walls, the modelling should be taken within a specific deployment scenario. 
This contribution elaborates our views on the pathloss modelling and LOS/NLOS distribution in the high-frequency channel.
Fitted pathloss model in high frequency 
According to the stochastic channel modelling methodologies (e.g., 3GPP 3D [2], WINNER [2] and ITU [4]), the large-scale fading in all scenarios are modelled as the fitted pathloss function with the shadow fading (SF) which represents the power deviation. Among numerous approaches for PL modelling, the close-in reference (CI) model and Alpha-Beta model are used here for our study.
The CI PL model is a function of line distance (d) and given by 

                                         (1)




where  denotes the reference distance, which shall equal to 1m in CI model, denotes the PL exponent (slope) and is the shadow fading (SF), which obeys normal distribution with zero mean and standard deviation of .


The Alpha-Beta model is also a function of line distance (d), but with two parameters: slope () and intercept ()

                                          (2)
To test the effectiveness of (1) and (2), the ray-tracing based simulations are performed within two scenarios: indoor conference room and outdoor campus. The layout maps of these two scenarios are given in Figure 1 and Figure 2, respectively. The Tx/Rx locations and frequencies are listed in Table 1. The PL samples collected from RT simulations are used to fit both CI model and Alpha-Beta model based on MSE principle. The distributions of the PL samples and the fitting procedures are shown in Figure 3 and Figure 4. The resultant fitting parameters are summarized in Table 2.
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[bookmark: _Ref441675613]Figure 1 Layout of indoor conference scenario

[image: Campus]
[bookmark: _Ref441673129]Figure 2 Layout of outdoor campus scenario

	Scenarios
	Tx Locations [m]
	Rx Area
	Frequency

	Conference
	Ant 1
	(10.32,1.49,1.95)
	UE height = 1.0 m
UE horizontal separation is 0.1m
	23.5 GHz

	
	Ant 3
	(6,4.5,1.95)
	
	

	
	Ant 4
	(0.8,9,1.95)
	
	

	Campus
	Ant 1
	(712,191.5,19)
	UE height = 1.5 m
UE horizontal separation is 5m
	

	
	Ant 2
	(888.8,369,18)
	
	

	
	Ant 3
	(751,296.5,19)
	
	


[bookmark: _Ref440269081][bookmark: _Ref441677133]Table 1 Configurations for ray-tracing simulation
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[bookmark: _Ref441677169]Figure 3 PL samples and fitting for outdoor campus scenario
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[bookmark: _Ref441677175]Figure 4 PL samples and fitting for indoor conference scenario

	Scenarios
	Alpha-Beta model
	CI model (d0=1m)

	
	
 (Intercept)
	
 (Slope)
	
 (deviation)[dB] 
	n
	
 (deviation)[dB]

	Campus
	LOS
	Ant 1
	65.2
	1.778
	1.2
	2.055
	1.28

	
	
	Ant 2
	66.12
	1.721
	0.78
	2.028
	1.18

	
	
	Ant 3
	66.43
	1.693
	0.98
	2.056
	1.37

	
	NLOS
	Ant 1
	145.99
	0.012
	21.96
	3.54
	24.80

	
	
	Ant 2
	92.49
	1.965
	24.55
	3.99
	22.23

	
	
	Ant 3
	-3.4
	7.073
	21.42
	4.06
	59.86

	Conference
	LOS
	Ant 1
	62.97
	1.28
	0.8
	1.65
	1.17

	
	
	Ant 3
	63.97
	1.3
	0.65
	1.93
	1.28

	
	
	Ant 4
	63.32
	1.3
	0.7
	1.69
	1.089

	
	NLOS
	Ant 1
	88.27
	0.22
	7.01
	2.78
	7.767

	
	
	Ant 3
	89.04
	-0.11
	5.58
	2.87
	6.728

	
	
	Ant 4
	75.16
	0.89
	9.16
	2.58
	9.569


[bookmark: _Ref441677234]Table 2 Fitting parameters of Alpha-Beta and CI models 
The results in Table 2 shows that the PL parameters in LOS condition exhibit very good convergence across different Tx locations with both PL formulations, which means the two PL models work well on LOS propagation, which is expected because the two PL models are established based on propagation theory in free space. On the other hand, as shown by the highlighted parameters in Table 2 as well as the sub-figures for NLOS cases in Figure 3 and Figure 4, no converged fitting parameter or clear tendency for NLOS PL can be obtained. 
· In the Alpha-Beta model, the PL exponents (slopes) are quite different for different Tx antennas; for the antenna #3 in conference scenario, the NLOS strength is even negatively proportional to the Tx-Rx distance; 
· In both the Alpha-Beta model and the CI model, the shadow fading component under the NLOS condition is much larger than the one under LOS condition. This observation indicates that the channel samples in NLOS condition do not actually follow any of the two assumed models, and the large differences between channel samples and fitted models are transformed not only into irregular modeling parameters such as intercept and slope, but also into the shadow fading to make it exceptionally large.  
[bookmark: OLE_LINK4]The above observations suggest that, in the NLOS case, the propagation channel, which is dominated by the reflected path due to poor diffraction at high frequency, is mainly determined by the geometric structures of the environment. For the given Tx and Rx with the same line-distance in between, these NLOS paths may experience the significantly different propagation distances and attenuation losses. Consequently, in order to accurately characterize high-frequency PL, especially in NLOS scenario, the approach to directly calculate the large scale fading in a deterministic way (e.g., based on ray tracing) rather than a stochastic way becomes a more reasonable choice. 
Observation 1: The existing pathloss models are not appropriate in modeling the NLOS condition in both indoor and outdoor scenarios. It is more reasonable to model the large-scale fading in the deterministic way. 
LOS probability and Distribution of LOS/NLOS
In the current stochastic modelling methodologies [2][3][4], the channel characteristics for each selected UE are firstly determined between LOS condition and NLOS condition, with a random assignment that is independent between different UEs. Such random assignment is based on a probability defined by



where  denotes the 2D distance between TX and RX, and d1 and d2 denote the fitting parameters in this model.  
Starting from this LOS probability, we study the LOS/NLOS distributions at the high-frequency in the outdoor scenario that is illustrated in Figure 2, where the propagation conditions are geometrically determined by the ray-tracing method. The actual LOS/NLOS distributions obtained from RT for the three Tx antennas are separately depicted in the Figure 5(left), where the red area represents the locations with LOS condition to the corresponding Tx antenna, while the black area for  NLOS condition. Next, the parameters of d1 and d2 in the above LOS probability function are obtained based on statistic regression of the RT samples. The RT sample distributions and fitted LOS probabilities are show in the Figure 5 (middle). The fitting parameters for the three Tx antennas are summarized in Table 3. The LOS/NLOS distribution that is re-generated by the LOS probability with obtained parameters of d1 and d2 are shown in the Figure 5(right). It can be seen that, the adjacent Rx spots are very likely to have the same LOS/NLOS condition in RT modelling, while the reproduced LOS/NLOS distributions based on LOS probability are more dispersive and randomly distributed compared to the RT results, which is believed to be much close to the empirical channel conditions.  
[image: E:\高频项目\内部讨论\文档\标准\TD_for_Malta\LoS_NLoS_distribution.jpg]
[bookmark: _Ref441677681]Figure 5 Distribution of propagation condition 
	
	d1
	d2
	MSE in curve fitting

	Ant 1
	27
	54
	0.104

	Ant 2
	5
	62
	0.058

	Ant 3
	20
	2
	0.098


[bookmark: _Ref441677729]Table 3 Fitting parameters for the LOS probability in campus scenario
Obviously, the accuracy diverse in the LOS probability modelling is due to the fact that the LOS probability modelling only considers the Tx-Rx location but ignores the correlations among rays with either the same Tx location or adjacent Rx locations. Such modelling contradicts the fact that the LOS/NLOS conditions for the rays of adjacent Tx or Rx have high correlation or so-called spatial consistency. Therefore, if LOS probability that is independent from Tx/Rx locations is applied in the high-frequency channel modelling, 
· For the simulation involving with a single UE, the transition between LOS and NLOS condition would become unreasonably often in the simulations when the UE needs to move. 
· For the simulation involving with multiple UEs,  the propagation channels among adjacent UEs are independent from each other, which can very likely violate the common observations in practice. Such modelling deviation from real-world situation can surely introduce inaccuracy, for example, in the evaluation of any beam-related algorithm, UE grouping and related resource allocation strategies. 
Observation 2: The propagation condition (LOS/NLOS) which is randomly generated under certain probability does not satisfy the spatial consistency between the adjacent sites/UEs and even results in overestimating of the LOS-NLOS transition probability in the case of UE movement.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
This contribution provides our observations as following for the high-frequency channel modelling:
Observation 1: The existing pathloss models are not appropriate in modeling the NLOS condition in both indoor and outdoor scenarios. It is more reasonable to model the large-scale fading in the deterministic way. 
Observation 2: The propagation condition (LOS/NLOS) which is randomly generated under certain probability does not satisfy the spatial consistency between the adjacent sites/UEs and even results in overestimating of the LOS-NLOS transition probability in the case of UE movement.
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