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[bookmark: _Ref450408088]Introduction
In RAN1 #84bis, the proposal for the map-based hybrid channel model [1] was agreed as a working assumption, with further evaluations desired to validate the modelling performance [2].  This contribution provides the simulation results for large scale fading and delay/angle spreads based on the channel model methodology proposed in [1].
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Scenario map layout and parameter configuration
Figure 1 depicts the 3D and 2D layouts of the evaluation scenario, which is usually considered a typical urban scenario that is originated from the TC2 case in METIS [3]. In order to emulate a typical street canyon environment, 9 Tx's ( in cyan circle) below the building rooftop and 1984 equal-spaced Rx's (in green star) placed in the street are included in this simulation. The heights for Tx and Rx are 10m and 1.5m, respectively.  
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[bookmark: _Ref450313479]Figure 1 Simulation scenario layout and Tx/Rx locations
The values of statistical parameters that are used in the stochastic-part of the hybrid model are obtained from Table 7.5-6 in the latest TR38.900, with the missing values given by TR36.873.
Evaluation results
In this contribution, the map-based hybrid channel is evaluated on both 30GHz and 70GHz. The statistics are collected based on the channel samples over all 9*1984 Tx-Rx pairs. In the evaluations based on the scenario map in Figure 1, the average number of the deterministic paths per Rx is 7 and the number of paths containing interaction type of diffraction is up to 2 in LOS case and up to 3 in NLOS case. 

Large scale channel fading
Even though the map-based hybrid model does not explicitly model the pathloss, the pathloss and the shadow deviation can still be abstracted from the channel samples generated from the hybrid model and then used to compare with the agreed pathloss model in stochastic-only modelling methodology [5]. The fitted parameters for pathloss models (CI model in LOS case and ABG model in NLOS case) are listed in Table 1. The more detailed comparisons are given in Figure 2 (for LOS) and Figure 3 (for NLOS). 
	Parameter\Scenarios
	30 GHz
	70 GHz

	
	LOS
	NLOS
	LOS
	NLOS

	
	Slope
	SF [dB]
	Slope
	Intercept
	SF [dB]
	Slope
	SF [dB]
	Slope
	Intercept
	SF [dB]

	Hybrid model
	1.85
	1.15
	3.9
	46.59
	9.72
	1.85
	1.15
	3.27
	66.89
	8.25

	Free Space
	2
	-
	-
	-
	-
	2
	-
	-
	-
	-

	TR38.900[5]
	2.1
	4
	3.53
	53.86
	7.82
	2.1
	4
	3.53
	61.70
	7.82


[bookmark: _Ref450390827]Table 1 Comparisons on pathloss statistics
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 (a) 30GHz                                                    (b) 70GHz
[bookmark: _Ref450317731]Figure 2 Comparisons of pathloss in LOS case 
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 (a) 30GHz                                                        (b) 70GHz
[bookmark: _Ref450317732]Figure 3 Comparisons of pathloss in NLOS case
It can be seen that the pathloss statistics from hybrid model and stochastic-only model are quite aligned to each other for both 30GHz and 70 GHz. In addition, it is worthwhile to note that 
· Under the LOS condition, the hybrid model has a slightly smaller pathloss slope than the free space and stochastic-only model. This is reasonable because there are still some NLOS rays existing in LOS condition and contributing to the total path power, which makes the path power in LOS case larger than that in free space. 
· Under the NLOS condition, the hybrid model has a slightly larger shadow fading deviation than stochastic-only model, which is reasonable caused by the densely distributed buildings around the UEs in this simulation.

Channel delay/angle spreads
The channel statistics of delay spread and angular spreads generated from the hybrid channel model are also compared to those in stochastic-only model in Table 2 and to the measurement/ray-tracing data from [6] in Table 3, where the columns of "Min" and "Max" give the range of mean values provided by different sources in [6] for the corresponding parameter.
	Parameters\Cases
	Delay spread log([s])
	AoA spread log([°])
	AoD spread log([°])
	ZoA spread log([°])

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	30GHz
	Hybrid model
	(-7.78,0.40)
	(-6.84,0.33)
	(1.24,0.34)
	(1.57,0.21)
	(1.03,0.31)
	(1.47,0.26)
	(0.50,0.20)
	(0.70,0.22)

	
	TR38.900[4]
	(-7.49,0.38)
	(-7.18,0.52)
	(1.61,0.30)
	(1.69,0.37)
	(1.13,0.41)
	(1.18,0.49)
	(0.58,0.28)
	(0.86,0.25)

	70GHz
	Hybrid model
	(-7.92,0.38)
	(-6.86,0.38)
	(1.20,0.32)
	(1.60,0.21)
	(0.99,0.33)
	(1.45,0.27)
	(0.48,0.19)
	(0.70,0.20)

	
	TR38.900[4]
	(-7.58,0.38)
	(-7.27,0.58)
	(1.58,0.31)
	(1.66,0.39)
	(1.12,0.41)
	(1.10,0.53)
	(0.54,0.27)
	(0.85,0.22)


[bookmark: _Ref450394282]Table 2 Comparisons of (mean, dev) for channel delay and angular spreads
	Parameters\Cases
	30GHz
	70GHz

	
	Min
	Max
	Stochastic [4]
	Hybrid
	Min
	Max
	Stochastic [4]
	Hybrid

	DS   log([s])
	LOS
	-7.97
	-7.05
	-7.49
	-7.78
	-7.76
	-7.28
	-7.58
	-7.92

	
	NLOS
	-7.52
	-6.91
	-7.18
	-6.84
	-7.45
	-7.15
	-7.27
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]-6.86

	AoA log([°])
	LOS
	1.23
	1.89
	1.61
	1.24
	1.61
	1.86
	1.58
	1.2

	
	NLOS
	1.4
	1.82
	1.69
	1.57
	1.57
	1.77
	1.66
	1.6

	AoD log([°])
	LOS
	1
	1.27
	1.13
	1.03
	1.11
	1.27
	1.12
	0.99

	
	NLOS
	0.93
	1.3
	1.18
	1.47
	1.01
	1.41
	1.1
	1.45

	ZoA log([°])
	LOS
	0.5
	0.61
	0.58
	0.5
	0.57
	0.6
	0.54
	0.48

	
	NLOS
	0.77
	1
	0.86
	0.7
	0.54
	1.09
	0.85
	0.7


[bookmark: _Ref450858698]Table 3 Comparison of mean delay/angular spread to data in [6]
Through these comparisons, the differences between hybrid model and stochastic-only model are slight on most statistics. Meanwhile, even though both stochastic-only model and hybrid model may have certain statistics outside of the value range provided in [6], such deviations are not large and are all within the tolerable range of differences caused by specific scenario layout including locations of Tx’s and distributions of Rx’s. For example, the ZOA means of both hybrid model and stochastic-only model falls outside the range shown in [6], but the difference in between is just 0.45 degree. It is also observed that both the results from hybrid model and stochastic-only model share the similar trends over the variation of frequency. 
On the other hand, some layout-specified characteristics can be identified in hybrid model results. For example, the delay spread and AoA spread in LoS case (especially at 70 GHz) are smaller than those in stochastic-only model, which remain the same for different layouts. This is reasonable because the UE in LOS condition is most-likely located in the streets with high buildings on two sides, which cause large power loss on the paths from other transmitters not in LOS condition, and therefore the channel is dominated by the direct LOS rays.  The ranges of the AoA and delay spreads, especially for the reflected rays, are highly depending on the width of the street, i.e, smaller spread often occurs in narrower street.  

Observation 1: The channel characteristics from the hybrid model, including pathloss, shadow fading and delay/angular spreads, are in accordance with those in the stochastic-only model, measurements and other ray-tracing sources. Meanwhile, the channel samples from the hybrid model can reflect the channel characteristics that are specific for scenario layout used in the evaluation.
Conclusion
This contribution concludes with the following observation and proposal:
Observation 1: The channel characteristics from the hybrid model, including pathloss, shadow fading and delay/angular spreads, are in accordance with those in the stochastic-only model, measurements and other ray-tracing sources. Meanwhile, the channel samples from the hybrid model can reflect the channel characteristics that are specific for scenario layout used in the evaluation.
Proposal 1: RAN1 confirms the working assumption on map-based hybrid model in TR38.900.    
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