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Introduction
In RAN1 Ad hoc meeting for channel modelling, one methodology was proposed in [1] to implement the map-based hybrid model in such a way that the deterministic part of the hybrid model is based on ray-tracing while the stochastic part is based on S-V model. An accompanied contribution [2] was provided to validate the proposed methodology by a number of simulation tests. In the RAN1 email discussion after  Ad hoc meeting, the proposal was raised to make the stochastic part of hybrid model to follow what are expected to be agreed for stochastic-only model, which is based on 3GPP 3D channel model [4]. In order to keep the consistent intention when moving forward, we modify the modelling method from [1] into [3], by replacing the S-V model with 3GPP 3D channel model components under the limited adjustments that are believed necessary to make the deterministic part and stochastic part work together. Consequently, the simulation validation as well as the complexity analysis should be provided for this new methodology. This contribution serves for this purpose.  
Simulation scenario 
Figure 1 shows the layout of an indoor conference room scenario for the simulation, where the transmitter (Tx) in the room corner emulates the deployed eNB and the route marked in red represents the moving trajectory of a UE. The route of the UE is partitioned by equally-spaced 125 gird points with grid separation equal to 0.5m. UE's moving speed is 0.5 m/s. The background colour in Figure 1 depicts the coverage performance within the room: the warmer the colour, the stronger the receiving power. 


[bookmark: _Ref445233939]Figure 1 Map of conference room scenario and UE's moving trajectory
In the hybrid model adopted in the simulation,  
· The deterministic part is configured to limit the ray-tracing mentioned in [3] with up to double-bounce reflection, single-bounce diffraction and up to five times of penetration.
· The stochastic part follows the method in [3] with the necessary statistic parameters drawn from Table 4 in Appendix, where the Table 4 mimics the table format in 3GPP 3D channel model that includes all statistic parameters for stochastic-only model, and the values in Table 4 come from the intensive ray-tracing based "measurements" for indoor conference room scenario. It should be noted that the values in Table 4 are only applicable to the specified scenario type as well as the specified frequency band (23.5GHz).  
It should be clarified that even though the dual-polarization is supported in [3], only vertical-polarized antenna with isotropic radiation pattern is considered in this simulation.
Simulation results 
3.1 Matching with spatial consistency
Figure 2 shows the evolutions of power delay profiles along the UE route. It can be found that most of the dominant components (e.g. LoS and single-bounce reflection) are contiguous and smoothly changing over time and positions. The path delays of these components and the LoS/NLoS regions observed in Figure 2 can all be identified to have tight relations to the geometry of the scenario in Figure 1. 
Figure 3 shows the evolutions of the power azimuth profiles for (a) arrival angles and (b) departure angles, where 0 degree corresponds to the x-axis direction and 90 degree corresponds to the y-axis direction. The smooth evolutions and the birth-death processes of those components can be clearly observed. 
Figure 4 shows the evolutions of the power zenith profiles for (a) arrival angles and (b) departure angles. It can be seen that the zenith angles are mainly close to 90 degree, which means the directions of arrival/departure rays are generally parallel to the horizontal plane, and are less dispersive than the azimuth angles. This is reasonable for height-limited indoor scenario space, where the height difference between Tx and Rx is usually non-significant comparing to the Tx-Rx distance. 
The results in these figures demonstrate that, with the map-based hybrid modeling in [3], the close-to-real power/delay/angular characteristics can be reconstructed and the spatial consistency is maintained. 
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[bookmark: _Ref445232476]Figure 3 Evolution of Power Azimuth Profile (a) arrival (b) departure
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[bookmark: _Ref447142370]Figure 4 Evolution of Power Zenith Profile (a) arrival (b) departure
Observation 1: The proposed map-based hybrid model provides at least the following in terms of spatial consistency: 
· The realistic transition between LoS condition and NLoS condition.
· The smooth and close-to-real evolutions of power-delay profile, power-azimuth profile and power-zenith profile over UE's moving trajectory for the significant clusters or rays.
· The realistic birth-death processes for significant clusters or rays.
3.2 Simulation time
Similar to the earlier observations of computation complexity for map-based hybrid model [5], the total computation time observed in the latest simulations based on the new modelling in [3] can also be estimated with a linear regression:
T[s] = α * RxNum*TxNum + β                                                       (1)
where α and β heavily depend on the complexity of simulated scenario (i.e. the number of buildings and surfaces in the digital map). As pointed out in [5], due to the parallelism in matrix computation, the simulation time increases linearly with the number of Tx and Rx, but not proportionally. 
The complexity analysis in this section is based on three scenario setup: METIS TC2(Madrid grid), detailed conference room and simplified conference room. The number of surfaces in each of three scenario setup, which is the well-known key factor to influence the computation complexity in ray tracing, is given in Table 1. The extremely large number of surfaces in detailed conference room setup are created to emulate not only major objects like walls and big furniture, but also objects like air-conditioner and irregular chairs and etc. 
	Scenario
	Madrid grid
	Detailed conference 
	Simplified conference 

	Surface Num
	133
	1182
	86


[bookmark: _Ref447297218]Table 1 Number of surfaces in different scenario setup
With the number of surfaces given by Table 1, the computation time based on different number of Rx but only one Tx is given in Table 2 for Madrid grid, and in Table 3 for detailed and simplified conference setup. These times are collected from the simulations running on a normal PC [5].
	RxNum
	Stochastic part (s)
	Deterministic part (s)
	Total time (s)

	1
	0.016
	3.703
	3.719

	2
	0.022
	3.671
	3.693

	4
	0.055
	3.735
	3.79

	8
	0.074
	3.813
	3.887

	16
	0.116
	3.937
	4.053

	32
	0.248
	4.218
	4.466

	64
	0.374
	6.265
	6.639

	128
	0.838
	6.344
	7.182

	5000
	35.56
	122.86
	158.42


[bookmark: _Ref447186984]Table 2 Simulation time of hybrid model in the Madrid grid scenario
	RxNum
	Stochastic part (s)
	Deterministic detailed (s)
	Deterministic simplified (s)
	Total time detailed (s)
	Total time simplified (s)

	1
	0.018
	997.64
	1.502
	997.658
	1.520

	2
	0.021
	996.25
	1.480
	996.261
	1.501

	4
	0.049
	1021.03
	1.486
	1021.52
	1.535

	8
	0.058
	998.78
	1.517
	998.838
	1.575

	16
	0.108
	997.84
	1.559
	997.948
	1.667

	32
	0.228
	1003.42
	1.641
	1003.648
	1.869

	64
	0.423
	1017.14
	1.808
	1017.564
	2.231

	128
	0.854
	1021.03
	2.141
	1021.884
	2.955

	5000
	35.48
	1986.57
	27.48
	2022.05
	62.96


[bookmark: _Ref447199705]Table 3 Simulation time of hybrid model in the indoor conference scenario
The total simulation times in the linear regression for the three scenario setup can be formulated as: 
	Madrid grid: 		T[s] = 0.031* RxNum*TxNum + 3.694
	Detailed conference: 	T[s] = 0.205* RxNum*TxNum + 996
	Simplified conference: 	T[s] = 0.012* RxNum*TxNum + 1.62
Even though the simulation time for a detailed scenario is significant, it is still acceptable for a system-level simulation, given that the time spent on the generation of channel coefficients can be comparable to the time spent on simulations of packet transmission and processing, and that the time is paid for a much accurate channel modelling. For the general channel modelling purposes, the corresponding digital map is usually simplified with negligible loss of accuracy. The simplification can be done by for example removing the irregular small objects, and/or simplifying the complicated object shape to rectangular block [6][7]. The modelling accuracy would not be affected much because the majority of low-order reflection/diffraction/penetration are still captured by the surfaces remaining in the simplified map, and the missing of interactions due to missing surfaces in multiple random locations could be somehow compensated by the stochastic part of hybrid model. According to Table 3, the simulation time based on the simplified scenario setup can be significantly less, even comparable to that of the stochastic model. 233rid g loss of accuracy,
Observation 2: The time consumption of the proposed map-based hybrid model is more than acceptable for the system-level simulations.
Conclusion
This contribution provides following observations for the hybrid model proposed in [3]:  
Observation 1: The proposed map-based hybrid model provides at least the following in terms of spatial consistency: 
· The realistic transition between LoS condition and NLoS condition.
· The smooth and close-to-real evolutions of power-delay profile, power-azimuth profile and power-zenith profile over UE's moving trajectory for the significant clusters or rays.
· The realistic birth-death processes for significant clusters or rays.
Observation 2: The time consumption of the proposed map-based hybrid model is more than acceptable for the system-level simulations.
In conclusion, the accuracy and complexity of the proposed map-based hybrid model are quite encouraging.
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Appendix. 
[bookmark: _Ref447140394][bookmark: _Ref447140474]Table 4 Statistical parameters for the indoor conference scenario at 23.5GHz
	Scenarios
	LOS
	NLOS

	Delay spread (DS)
log10([s])
	DS
	-8.18
	-8.16

	
	DS
	0.09
	0.24

	AoD spread (σASD) log10([])
	ASD
	1.82
	1.71

	
	ASD
	0.12
	0.21

	AoA spread (σASA) log10([])
	ASA
	1.80
	1.58

	
	ASA
	0.10
	0.35

	ZoD spread (σZSD) log10([])
	ZSA
	1.62
	1.08

	
	ZSA
	0.07
	0.59

	ZoA spread (σZSA) log10([])
	ZSA
	1.58
	1.02

	
	ZSA
	0.09
	0.63

	Shadow fading (SF) [dB]
	SF
	0.80
	7.01

	K-factor (K) [dB]
	K
	-2.95
	N/A

	
	K
	3.04
	N/A

	Cross-Correlations
	ASD vs DS
	0.15
	0.01

	
	ASA vs DS
	-0.27
	0.53

	
	ASA vs SF
	-0.01
	0.68

	
	ASD vs SF
	-0.28
	-0.11

	
	DS   vs SF
	0.14
	0.52

	
	ASD vs ASA
	0.23
	0.10

	
	ASD vs 
	-0.63
	N/A

	
	ASA vs 
	-0.63
	N/A

	
	DS vs 
	0.25
	N/A

	
	SF vs 
	0.38
	N/A

	Cross-Correlations 
	ZSD vs SF
	0.48
	0.75

	
	ZSA vs SF
	0.33
	0.76

	
	ZSD vs K
	-0.15
	N/A

	
	ZSA vs K
	-0.51
	N/A

	
	ZSD vs DS
	0.18
	0.59

	
	ZSA vs DS
	0.03
	0.60

	
	ZSD vs ASD
	0.04
	0.17

	
	ZSA vs ASD
	0.27
	0.17

	
	ZSD vs ASA
	0.45
	0.84

	
	ZSA vs ASA
	0.63
	0.84

	
	ZSD vs ZSA
	0.91
	1.00

	Delay distribution
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian

	Delay scaling parameter  r
	1.31
	1.75

	XPR [dB]
	
	/
	/

	
	
	/
	/

	Number of clusters
	10.00
	6.00

	Number of rays per cluster
	20.00
	35.00

	Cluster ASD
	16.99
	19.11

	Cluster ASA
	13.74
	13.51

	Cluster ZSD
	7.26
	6.15

	Cluster ZSA
	6.47
	4.78

	Per cluster shadowing std  [dB]
	4.27
	5.32

	Correlation distance in the horizontal plane [m]
	DS
	3.48
	1.37

	
	ASD
	6.34
	5.46

	
	ASA
	5.29
	1.76

	
	SF
	4.42
	1.96

	
	
	6.71
	N/A

	
	ZSA
	3.34
	1.75

	
	ZSD
	1.59
	1.73




1

image2.emf
LoS

Single-bounce 

diffraction

LoS

Rreflection from

right/down-wall

Rreflection

from left-wall

NLoS Region

LoS Region

LoS Region


oleObject2.bin
�

�

LoS


Single-bounce diffraction


LoS


Rreflection from
 right/down-wall


Rreflection
from left-wall


NLoS Region


LoS Region


LoS Region



image3.emf
LoS

Diffractions

Double-bounce 

Reflection

LoS

Reflection & 

diffuse scattering 

from left-wall

Local 

reflection/

scattering


oleObject3.bin
�

LoS


Diffractions


Double-bounce 
Reflection


LoS


Reflection & diffuse scattering from left-wall



image4.emf
Double-bounce

reflection

Reflection from

right-wall

LoS

LoS

Reflection from

down-wall

Birth/Death of 

Diffraction + 

Reflection


oleObject4.bin
�

Double-bounce
reflection


Reflection from
right-wall


LoS


LoS


Reflection from
down-wall


Birth/Death of Diffraction + Reflection



image5.emf
20 40 60 80 100

20

40

60

80

100

120

Location

Zenith of Arrival [



]

Evolution of Power Angular Profile, ZoA

 

 

Power [dB]

-148

-126

-103

-80 

-57 


image6.emf
20 40 60 80 100 120 140

20

40

60

80

100

120

Location

Zenith of Departure [



]

Evolution of Power Angular Profile, ZoD

 

 

Power [dB]

-140

-119

-98 

-78 

-57 


image1.emf
L

e

f

t

-

w

a

l

l

Down-wall

R

i

g

h

t

-

w

a

l

l

Up-wall

Clapboard

Tx

UE Route


oleObject1.bin
Tx


Left-wall


Down-wall


Right-wall


Up-wall


Clapboard



