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Introduction
In RAN#69, the SID for above 6-GHz channel modelling was approved in [1]. Subsequently, the email discussions and the contributions to RAN reflector were summarized in [2]. As for the deployment scenarios, the Indoor and UMi/UMa (with O2O and O2I) attract much attention from most of companies; meanwhile, some other scenarios such as relay backhaul, V2V and D2D are also mentioned in [2]. 
As given in the RAN email discussion and [3], our views on deployment scenarios as well as their corresponding prioritizations are listed in Table 1. Furthermore, we showed a clear observation in [3] that the accurate channel modelling for different deployments even in the same scenario classification such as indoor or UMi may still lead to different propagation statistics or procedures. 
	Scenarios & Freq
	6~20 GHz
	20~30 GHz
	30~60 GHz
	>60 GHz

	Indoor
	Conference
	High
	High
	High
	High

	
	Office
	High
	High
	High
	High

	
	Shopping Mall
	High
	High
	High
	High

	
	Stadium
	High
	High
	High
	High

	
	Gym
	High
	High
	High
	High

	UMi
(O2O)
	Open square
	High
	High
	High
	High

	
	Street canyon
	High
	High
	High
	High

	
	Campus
	High
	High
	High
	High

	UMa (O2O)
	High
	Low
	Low
	Low

	UMi/UMa (O2I)
	High
	Low
	No
	No


[bookmark: _Ref436566016]Table 1 Scenarios considered for channel modelling
Notes: “High” and “Low” indicate high and low priorities, respectively. “No” indicates that the corresponding combination of the deployment scenario and frequency band is not suggested.
This contribution further explores this observation in different indoor scenarios, i.e., shopping mall and conference room, and with different antenna heights in the same indoor conference room deployment, by applying the ray-tracing (RT) method in the evaluation. The field measurements are provided to verify the accuracy of ray-tracing modelling used in this study.
The studied scenarios 
Based on the earlier discussion in RAN plenary, the indoor scenarios seem to be the preferable application cases for the high-frequency communications. Therefore the corresponding deployment scenarios should be covered in the channel modelling. Figure 1 and Figure 2 illustrate the geometric layouts of two typical deployments, namely conference room and shopping mall, respectively. The measurements are conducted in conference room at both 23.5GHz and 45GHz through the VNA-based sounding system. Table 2 gives the Tx antenna locations and the potential Rx antenna heights (parameter Z). More details about the measurement can be found in [5]~[7]. 
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[bookmark: _Ref440193411]Figure 1 Indoor conference room: (a) Panorama (b) Digitalized map
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[bookmark: _Ref440193416]Figure 2 Digitalized map of the indoor shopping mall 
	Scenarios
	Tx Locations [m]
	Rx Area [m]
	Frequency [GHz]

	Conference Room
	Tx1
	(10.32,1.49,1.95)
	No.1: Z = 0.5
No.2: Z = 1.0
No.3: Z = 1.5
UE horizontal separation is 0.1m
	23.5, 45

	
	Tx2
	(7.1,1.1,1.95)
	
	

	
	Tx3
	(6,4.5,1.95)
	
	

	
	Tx4
	(0.8,9,1.95)
	
	

	
	Tx5
	(2.2,9,1.95)
	
	

	Shopping Mall
	Tx 1
	(124,22,11.8)
	No.1: Z = 1.5
No.2: Z = 7.5
UE horizontal separation is 0.1m
	


[bookmark: _Ref441584393]Table 2 Geometric configurations for measurement and RT simulation
Verification of Ray-Tracing modeling 
The full-3D RT platform, which is used to conduct extensive simulations in section 4, is firstly verified by the comparison of both power delay profile (PDP) and other ray parameters between the field measurements at 23.5GHz and simulation results based on ray tracing. The comparisons are performed over total of 33 measurement locations. Below is given the comparison for a specific measurement location (labelled as Rx 13) as an example. 
· Figure 3 shows the ray-level comparison. The blue arrow lines point to the direction of the ray obtained from the measurement, and the red solid line illustrates the trace for the same path based on RT simulator. It can be found that these dominant paths generated by RT simulations well match with those from measurements. The more comparisons on the relevant rays are summarized in Table 3, where the absolute modelling error on each parameter is shown much less than either the measured parameter itself or the corresponding measurement resolution. 
· Figure 4 shows the PDP comparison. It is shown that the (three) dominant components with significant power peaks are all captured by ray-tracing. Moreover, the specular peaks are extended to cluster-alike dispersive components and more realistic PDPs are obtained by adopting scattering in RT method. 
The comparisons over all measurement locations draw the similar conclusion, which sufficiently verifies the RT method in use.
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(a)                                                                             (b)        
[bookmark: _Ref440197524]Figure 3 Rays at measurement location Rx 13: (a) LOS, (b) Double-bounce reflection 
[bookmark: _Ref441215489]Table 3 Comparisons of ray parameters
	Rx.13
	Measurement
	RT model
	Difference (absolute value)
	Measurement resolution

	LOS
	Delay[ns]
	13.64 
	13.64 
	0.00 
	1.5152

	
	Power[dB]
	-42.30 
	-38.19 
	4.11 
	/

	
	AoD[°]
	45.00 
	44.75 
	0.25 
	15

	
	EoD[°]
	-15.00 
	-16.21 
	1.21 
	10

	
	AoA[°]
	135.00 
	134.75 
	0.25 
	15

	
	EoA[°]
	10.00 
	16.21 
	6.21 
	10

	Double-bounce reflection
	Delay[ns]
	66.67 
	65.01 
	1.65 
	1.5152

	
	Power[dB]
	-56.25 
	-52.81 
	3.45 
	/

	
	AoD[°]
	-15.00 
	-12.00 
	3.00 
	15

	
	EoD[°]
	-5.00 
	-2.89 
	2.11 
	10

	
	AoA[°]
	-105.00 
	-102.85 
	2.15 
	15

	
	EoA[°]
	0.00 
	2.89 
	2.89 
	10


[image: E:\SE_data\23.5G\Channel_Modeling\RX13\RT_DF.jpg]
[bookmark: _Ref440197624]Figure 4 PDP comparison at 23.5GHz
Observation 1: The ray-tracing method can be used to reliably reproduce the channel realizations and emulate measurement samples for the studies of high-frequency channel modeling.
Channel statistics in indoor scenarios
In this section, we use the RT platform, whose accuracy was verified in last section, to simulate the two different indoor deployments, i.e., shopping mall and conference room. The 3GPP-3D channel model [4] alike parameters are collected as in Table 4. The statistics are collected in such a way that, the transmitter is at a horizontal central location (No. 3 Tx location in conference room deployment and No. 1 Tx location in shopping mall deployment) and the receivers are distributed over the No.2 Rx area in both deployments, where all Tx/Rx locations are given in Table 2. In the statistical study, the pathloss model is fitted with equation:




[bookmark: OLE_LINK4][bookmark: OLE_LINK5]where and  respectively relate to the intercept and slope in Table 4.  
The clear differences are observed between these two indoor deployments over quite a few statistics, such as pathloss, spreads of delay and elevation angles, shadowing fading and K-factors. Meanwhile, the numerous cross-correlations and correlation distances also differ. These differences can conclude that a single set of stochastic parameters may not be able to cover all the deployments in one scenario classification. 
[bookmark: _Ref440201105][bookmark: _Ref440201101]Table 4 Channel statistics for conference and shopping mall
	Scenarios
	Conference（Tx3）
23.5 GHz
	Shopping Mall
23.5 GHz

	
	LOS
	NLOS
	LOS
	NLOS

	Path Loss
	Slope
	1.30
	-0.11
	1.43
	2.00

	
	Intercept
	63.97
	89.04
	67.30
	67.92

	Delay spread (DS)
	DS
	-8.05
	-8.05
	-7.66
	-7.64

	log10([s])
	DS
	0.11
	0.26
	0.16
	0.29

	AoD spread (σASD) log10([])
	ASD
	1.63
	1.57
	1.47
	1.52

	
	ASD
	0.13
	0.31
	0.20
	0.27

	AoA spread (σASA) log10([])
	ASA
	1.79
	1.60
	1.67
	1.68

	
	ASA
	0.14
	0.29
	0.22
	0.26

	ZoD spread (σZSD) log10([])
	ZSA
	1.66
	1.21
	1.34
	1.39

	
	ZSA
	0.07
	0.47
	0.21
	0.32

	ZoA spread (σZSA) log10([])
	ZSA
	1.59
	1.21
	1.27
	1.39

	
	ZSA
	0.08
	0.45
	0.28
	0.27

	Shadow fading (SF) [dB]
	SF
	0.65
	5.58
	0.68
	7.41

	K-factor (K) [dB]
	K
	1.64
	N/A
	3.84
	N/A

	
	K
	3.66
	N/A
	5.38
	N/A

	Cross-Correlations
	ASD vs DS
	0.67
	0.45
	0.68
	0.52

	
	ASA vs DS
	0.20
	0.50
	0.46
	0.42

	
	ASA vs SF
	-0.37
	0.43
	-0.26
	-0.41

	
	ASD vs SF
	0.27
	0.39
	0.04
	-0.08

	
	DS   vs SF
	0.12
	0.49
	0.02
	0.12

	
	ASD vs ASA
	0.25
	0.47
	0.50
	0.56

	
	ASD vs K
	-0.43
	N/A
	-0.69
	N/A

	
	ASA vs K
	-0.80
	N/A
	-0.67
	N/A

	
	DS vs K
	-0.33
	N/A
	-0.57
	N/A

	
	SF vs K
	0.31
	N/A
	0.30
	N/A

	Cross-Correlations 
	ZSD vs SF
	0.52
	0.57
	-0.28
	-0.56

	
	ZSA vs SF
	0.40
	0.60
	-0.50
	-0.47

	
	ZSD vs K
	-0.24
	N/A
	-0.89
	N/A

	
	ZSA vs K
	-0.49
	N/A
	-0.85
	N/A

	
	ZSD vs DS
	0.28
	0.62
	0.33
	0.36

	
	ZSA vs DS
	0.37
	0.61
	0.33
	0.46

	
	ZSD vs ASD
	0.43
	0.72
	0.61
	0.45

	
	ZSA vs ASD
	0.57
	0.74
	0.53
	0.49

	
	ZSD vs ASA
	0.17
	0.66
	0.59
	0.75

	
	ZSA vs ASA
	0.36
	0.65
	0.52
	0.73

	
	ZSD vs ZSA
	0.95
	0.99
	0.92
	0.93

	Delay distribution
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian
	Laplacian

	Delay scaling parameter  r
	1.22
	1.63
	1.55
	1.34

	XPR [dB]
	
	/
	/
	/
	/

	
	
	/
	/
	/
	/

	Number of clusters
	9.00
	8.00
	9.00
	9.00

	Number of rays per cluster
	12.00
	14.00
	15.00
	58.00

	Cluster ASD
	14.15
	10.27
	7.64
	10.08

	Cluster ASA
	19.73
	12.36
	13.45
	14.06

	Cluster ZSD
	6.77
	4.62
	4.81
	6.24

	Cluster ZSA
	6.53
	4.48
	6.15
	7.55

	Per cluster shadowing std  [dB]
	4.22
	4.48
	4.18
	5.10

	Correlation distance in the horizontal plane [m]
	DS
	3.29
	1.67
	14.86
	31.07

	
	ASD
	2.02
	8.45
	10.62
	42.25

	
	ASA
	4.60
	4.65
	8.94
	29.23

	
	SF
	3.35
	5.89
	23.28
	35.53

	
	
	6.02
	N/A
	45.84
	N/A

	
	ZSA
	1.77
	5.85
	43.19
	22.05

	
	ZSD
	1.54
	5.96
	43.66
	25.37


As another interesting observation from the simulations, the different Tx locations in the same deployment also lead to different propagation statistics. This observation is given in Table 5 that contains the channel statistics for the five different Tx locations in the studied conference room deployments. From this table, the clear differences among different Tx locations can be found upon parameters such as pathloss, shadow fading, K-factor, cluster-related parameters and the correlation parameters. This observation tells that, even in the same deployment scenario, a single set of stochastic parameters may not be able to accurately model the channel statistics from every Tx location.
[bookmark: _Ref440203201]Table 5 Channel statistics on different Tx locations in conference room
	Scenarios
	Case1（Tx1）
	Case3（Tx3）
	Case4（Tx4）
	Case5（Tx5）

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Path Loss
	Slope
	1.28
	0.22
	1.30
	-0.11
	1.30
	0.89
	1.55
	0.81

	
	Intercept
	62.97
	88.27
	63.97
	89.04
	63.32
	75.16
	62.59
	74.78

	Delay spread (DS)
	DS
	-8.18
	-8.16
	-8.05
	-8.05
	-8.01
	-7.92
	-7.94
	-8.11

	log10([s])
	DS
	0.09
	0.24
	0.11
	0.26
	0.17
	0.27
	0.18
	0.20

	AoD spread (σASD) log10([])
	ASD
	1.82
	1.71
	1.63
	1.57
	1.69
	1.56
	1.62
	1.63

	
	ASD
	0.12
	0.21
	0.13
	0.31
	0.08
	0.29
	0.09
	0.16

	AoA spread (σASA) log10([])
	ASA
	1.80
	1.58
	1.79
	1.60
	1.81
	1.57
	1.82
	1.72

	
	ASA
	0.10
	0.35
	0.14
	0.29
	0.13
	0.42
	0.11
	0.22

	ZoD spread (σZSD) log10([])
	ZSA
	1.62
	1.08
	1.66
	1.21
	1.60
	1.60
	1.61
	1.33

	
	ZSA
	0.07
	0.59
	0.07
	0.47
	0.05
	0.28
	0.06
	0.27

	ZoA spread (σZSA) log10([])
	ZSA
	1.58
	1.02
	1.59
	1.21
	1.56
	1.60
	1.55
	1.29

	
	ZSA
	0.09
	0.63
	0.08
	0.45
	0.06
	0.27
	0.09
	0.27

	Shadow fading (SF) [dB]
	SF
	0.80
	7.01
	0.65
	5.58
	0.70
	9.16
	0.80
	4.63

	K-factor (K) [dB]
	K
	-2.95
	N/A
	1.64
	N/A
	-2.90
	N/A
	0.45
	N/A

	
	K
	3.04
	N/A
	3.66
	N/A
	2.68
	N/A
	2.64
	N/A

	Cross-Correlations
	ASD vs DS
	0.15
	0.01
	0.67
	0.45
	0.08
	-0.08
	0.66
	0.46

	
	ASA vs DS
	-0.27
	0.53
	0.20
	0.50
	0.00
	-0.18
	0.00
	0.25

	
	ASA vs SF
	-0.01
	0.68
	-0.37
	0.43
	-0.29
	-0.29
	-0.15
	-0.33

	
	ASD vs SF
	-0.28
	-0.11
	0.27
	0.39
	0.13
	-0.30
	-0.22
	-0.18

	
	DS   vs SF
	0.14
	0.52
	0.12
	0.49
	0.05
	-0.15
	-0.27
	-0.10

	
	ASD vs ASA
	0.23
	0.10
	0.25
	0.47
	0.06
	0.57
	0.28
	0.11

	
	ASD vs 
	-0.63
	N/A
	-0.43
	N/A
	-0.11
	N/A
	-0.40
	N/A

	
	ASA vs 
	-0.63
	N/A
	-0.80
	N/A
	-0.64
	N/A
	-0.68
	N/A

	
	DS vs 
	0.25
	N/A
	-0.33
	N/A
	0.26
	N/A
	-0.22
	N/A

	
	SF vs 
	0.38
	N/A
	0.31
	N/A
	0.35
	N/A
	0.54
	N/A

	Cross-Correlations 
	ZSD vs SF
	0.48
	0.75
	0.52
	0.57
	0.54
	-0.30
	0.28
	0.04

	
	ZSA vs SF
	0.33
	0.76
	0.40
	0.60
	0.45
	-0.10
	0.21
	0.09

	
	ZSD vs K
	-0.15
	N/A
	-0.24
	N/A
	0.33
	N/A
	-0.28
	N/A

	
	ZSA vs K
	-0.51
	N/A
	-0.49
	N/A
	-0.18
	N/A
	-0.54
	N/A

	
	ZSD vs DS
	0.18
	0.59
	0.28
	0.62
	0.41
	0.70
	0.46
	0.39

	
	ZSA vs DS
	0.03
	0.60
	0.37
	0.61
	0.24
	0.72
	0.29
	0.35

	
	ZSD vs ASD
	0.04
	0.17
	0.43
	0.72
	0.04
	0.04
	0.51
	0.03

	
	ZSA vs ASD
	0.27
	0.17
	0.57
	0.74
	0.16
	-0.06
	0.49
	-0.02

	
	ZSD vs ASA
	0.45
	0.84
	0.17
	0.66
	0.03
	-0.01
	0.38
	0.08

	
	ZSA vs ASA
	0.63
	0.84
	0.36
	0.65
	0.36
	-0.08
	0.64
	0.08

	
	ZSD vs ZSA
	0.91
	1.00
	0.95
	0.99
	0.84
	0.96
	0.90
	0.99

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian
	Wrapped Gaussian
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian
	Laplacian
	Laplacian
	Laplacian

	Delay scaling parameter  r
	1.31
	1.75
	1.22
	1.63
	1.11
	1.11
	1.31
	1.83

	XPR [dB]
	
	/
	/
	/
	/
	/
	/
	/
	/

	
	
	/
	/
	/
	/
	/
	/
	/
	/

	Number of clusters
	10.00
	6.00
	9.00
	8.00
	8.00
	7.00
	7.00
	6.00

	Number of rays per cluster
	20.00
	35.00
	12.00
	14.00
	20.00
	20.00
	15.00
	11.00

	Cluster ASD
	16.99
	19.11
	14.15
	10.27
	14.10
	12.39
	14.50
	19.16

	Cluster ASA
	13.74
	13.51
	19.73
	12.36
	14.76
	13.65
	18.33
	16.97

	Cluster ZSD
	7.26
	6.15
	6.77
	4.62
	6.83
	5.25
	6.80
	6.80

	Cluster ZSA
	6.47
	4.78
	6.53
	4.48
	6.49
	4.82
	7.13
	4.36

	Per cluster shadowing std  [dB]
	4.27
	5.32
	4.22
	4.48
	3.97
	4.67
	3.88
	4.63

	Correlation distance in the horizontal plane [m]
	DS
	3.48
	1.37
	3.29
	1.67
	12.39
	5.48
	10.36
	8.38

	
	ASD
	6.34
	5.46
	2.02
	8.45
	6.78
	1.35
	1.58
	1.81

	
	ASA
	5.29
	1.76
	4.60
	4.65
	6.50
	1.41
	7.52
	8.78

	
	SF
	4.42
	1.96
	3.35
	5.89
	4.81
	2.21
	5.79
	2.83

	
	
	6.71
	N/A
	6.02
	N/A
	12.31
	N/A
	3.55
	N/A

	
	ZSA
	3.34
	1.75
	1.77
	5.85
	6.00
	5.02
	3.24
	6.86

	
	ZSD
	1.59
	1.73
	1.54
	5.96
	8.00
	5.22
	1.25
	6.65


Observation 2: A single set of stochastic parameters may not be able to cover different deployments in one scenario classification, or to accurately model the channel statistics from every Tx location in the same deployment. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
This contribution provides following observations:
Observation 1: The ray-tracing method can be used to reliably reproduce the channel realizations and emulate measurement samples for the studies of high-frequency channel modeling.
Observation 2: A single set of stochastic parameters may not be able to cover different deployments in one single scenario classification, or to accurately model the channel statistics from every Tx location in the same deployment.  
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