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Introduction
The high-frequency channel modelling discussion in RAN1 #84 reached a working assumption [1] including following:
· Investigation of detailed modelling including map based or hybrid or stochastic methodologies for some scenarios, e.g., open square, indoor, is recommended.
The framework and implementation details of our proposed hybrid channel model are illustrated in [2], [3] and [4].
This contribution further discloses simulation results of the hybrid model, which is to validate its effectiveness for the reconstructions of both large-scale and small-scale characteristics.
Simulation scenario and parameter configuration
Figure 1 shows the layout of an indoor conference scenario for simulation, where two transmitters (Tx) emulating the deployed access points in two separated (but not fully obstructed) rooms and two moving routes of user equipment (UE) are configured. 
In the simulation, the moving speed of UE is 0.5m/s, and the UE routes shown in Figure 1. As marked in Figure 1, the route is partitioned by equal-spaced gird points with grid separation of 0.5m. The adopted hybrid model that includes both deterministic part and stochastic part performs the following tasks: 
· For UE positions on the grid points,
· The components in deterministic part are calculated with the ray-tracing tool involving up to 2 bounces of reflection combined with single-bounce diffraction and up to 5 times of penetration. 
· The components in stochastic part are generated based on the extended Saleh-Valenzula (S-V) model whose parameters are shown in Table 1.
· For UE positions not on the grid points,
· The components in deterministic part are linearly interpolated associating with the path tracking algorithm [5]. 
· The components in stochastic part are still randomly generated as on grid points.
It should be noticed that 
· The size of grid can be flexibly determined according to the propagation environment (e.g. the size of the scenario and the number of buildings). 
· The values in the Table 1 only hold for the specified scenario type as well as frequency band. Separate set of values are used for other frequency bands in the simulation. 
· The dual-polarization is supported in hybrid model, however, only vertical-polarized antenna with isotropic radiation pattern is considered in this simulation.
[image: ]
[bookmark: _Ref445276503]Figure 1 Layout of indoor conference scenario
[bookmark: _Ref445198973]Table 1 Parameters for the S-V model in indoor conference scenario at 23.5GHz
	Model Parameters [unit]
	Best-fitted Distribution
	Statistical Parameter(s)

	
	
	
	LoS
	NLoS

	
Cluster arrival rate   [1/ns] 
	Uniform
	Min 
	0.016
	0.01

	
	
	Max 
	1.632
	7.25

	
Cluster decay factor  [ns]
	Weibull
	

	9.142
	10.25

	
	
	

	8.128
	6.707

	
Sub-path arrival rate  [1/ns]
	Rician
	

	9.453
	15.64

	
	
	

	75.31
	107.8

	
Sub-path decay factor  [ns]
	Gamma
	

	2.818
	1.382

	
	
	

	1.15
	1.347

	
Azimuth spread of arrival per sub-path  [°]
	Gamma
	

	6.52
	8.89

	
	
	

	1.3
	1

	
Azimuth spread of departure per sub-path [°]
	Gamma
	

	2.13
	2.5

	
	
	

	2.4
	1.4

	
Elevation spread of arrival per sub-path [°]
	Gamma
	

	7..93
	13.88

	
	
	

	1.1
	1

	
Elevation spread of departure per sub-path [°]
	Gamma
	

	2.48
	3.1

	
	
	

	2.3
	1.7

	
Cluster lognormal standard deviation  [dB]
	Fixed
	
	2.42
	1.313

	
Sub-path lognormal standard deviation [dB]
	Fixed
	
	0.17
	0.419

	
Number of cluster 
	Fixed
	16

	
Number of sub-path per cluster 
	Fixed
	20

	
Per cluster XPR [dB]
	N/A
	N/A

	
Per sub-path XPR [dB]
	N/A
	N/A


Simulation results of channel characteristics
3.1 Temporal fading
Figure 2 shows the large-scale channel gain profiles of the links between the two Tx and UE moving along Route 1, with the sample rate of 1500 per second. It can be clearly seen from Figure 2 that there exist the opposite trends between fading profiles of two Tx, which is due to the fact that the two Tx are located at different orientations with respect to the UE route. To be more specific, a transition between LoS and NLoS can be found for both links, i.e. Tx1 from LoS (0~27s) to NLoS (27~34s) but Tx2 from NLoS (0~5s) to LoS (5~34s). The gain fluctuation of approximately 30dB is observed during the transition between LoS and NLoS.
[image: ]
[bookmark: _Ref445230155]Figure 2 Channel gain profiles of the links for two Tx along UE Route 1
Figure 3 further shows the large-scale channel gain profiles of the links between the Tx1 and UEs along two routes. It can be observed that the channel gains for the two routes are similar before 16s since the two routes are very close to each other for that period of time. The channel gains become different when the UEs enter the other room with different NLoS directions.
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[bookmark: _Ref445230191]Figure 3 Channel gain profiles of the links for Tx1 along two UE routes
Figure 4 compares the channel gain profiles between Tx1 and UE route 1 for different frequency bands, including 23.5GHz, 45GHz and 72GHz. It can be observed that 
· As the carrier frequency increases, the channel gain declines due to the significant extra free-space propagation loss, penetration loss and diffraction loss. 
· The overall trends of the channel gain profiles are similar, while the fast fading profile for lower frequency shows smoother due to the lower Doppler frequency shift.


[bookmark: _Ref445231497]Figure 4 Comparison of channel gain profiles for different carrier frequencies 
3.2 Small-scale channel profiles/Spatial consistency
The time evolutions of power delay profile (PDP) and power angular (azimuth of arrival and azimuth of departure) profile are shown in this section. In order to evaluate the performance of spatial consistency, a longer UE route (Route 3) involving 125 grid points with the grid separation of 0.5m, as shown in Figure 5, is used in the simulation. 
 

Figure 6 shows the evolution of power delay profiles for Tx1 along the Route 3. It can be found that most of the dominant components (e.g. LoS and single-bounce reflection) are continuous and smoothly evolve over time/sample points. These components are identified through mapping the path delay and angular to the geometry of the scenario. Similarly, the evolution of the power angular profiles as shown in Figure 7 and Figure 8 is smoothly contiguous, where 0 [rad] is in the x-axis direction and  [rad] is the y-axis direction. Also the birth-death of the components can be clearly observed. This demonstrates that the spatial consistency is maintained with this hybrid modelling approach. 
Observation 1: At least the following profiles show smooth evolutionary along UE trajectory in the simulations based on the proposed hybrid channel model.
· The large-scale channel gain;
· The small-scale parameters including delay and angular directions of significant rays or components.
Observation 2:  The birth and death of significant rays or components can be well emulated by the proposed hybrid channel model.


[bookmark: _Ref445233939]Figure 5 Illustration of Route 3 involving 125 grid points


[bookmark: _Ref445232173] 
Figure 6 Evolution of Power Delay Profile



[bookmark: _Ref445232476]Figure 7 Evolution of Power Angular Profile – arrival 


[bookmark: _Ref445232479]Figure 8 Evolution of Power Angular Profile – departure
Conclusion
This contribution provides observations as following from simulation results based on our proposed hybrid model in [4]:  
Observation 1: At least the following profiles show smooth evolutionary along UE trajectory in the simulations based on the proposed hybrid channel model.
· The large-scale channel gain;
· The small-scale parameters including delay and angular directions of significant rays or components.
Observation 2:  The birth and death of significant rays or components can be well emulated by the proposed hybrid channel model.
In summary, the spatial/temporal consistencies in both the large-scale and small-scale fading are inherently maintained by the proposed hybrid model.
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