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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the Channel Modeling Ad hoc meeting, the large-scale parameters (LSP) and small-scale parameters (SSP) modeling has been discussed. In the two working assumptions [1] and [2] from the meeting, most of the LSPs and SSPs for UMi and UMa have been addressed respectively. And also the frequency dependency for part of the LSPs and SSPs has been included. So far, the LSP and SSP modeling for indoor hotspot are still under discussion. 
Based on the latest published LSP and SSP research results in Appendix A, the LSPs and SSPs for InH has been further investigated in this contribution. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]2	Indoor hotspot LSP and SSP modeling
In the recently published white paper from both industry and academy researches in [3], the fast fading modelling for InH has been investigated based on both measurements and ray-tracing. The indoor office environments have been investigated at frequencies including 2.44GHz, 2.9 GHz, 3.5 GHz, 5.8GHz, 6 GHz, 14 GHz, 14.8GHz, 15 GHz, 20 GHz, 28 GHz, 29 GHz, 38GHz, 58.7GH, 60 GHz, and 73 GHz. Lots of valuable results for different frequencies have been summarized from Table 7 to Table 10 in Appendix A. Based on these valuable data results, a set of LSPs and SSPs that can be applicable for frequencies up to 100GHz has been summarized in this section.
For LSPs, they are modeled by a log-normal distribution with mean  and standard variation . For some LSPs, based on the data results for different frequencies, frequency dependency has been investigated by checking the change of parameters with frequencies. For some LSPs, frequency dependency can be observed. But for some other LSPs, no strong frequency dependency is observed. The results are summarized from Table 1 to Table 4. The LSPs for IMT-A InH were also listed as reference [4]. It should be noted that the results from IMT-A InH are based 2D modeling.
Table 1. LSP for indoor office LOS (part1)
	Scenarios
	LOS

	
	IMT-A
	Recommended

	Delay spread (DS)
log10([s])
	DS
	–7.70
	[-0.3*log10(1+f)-7.3]

	
	DS
	0.18
	[0.04*log10(1+f)+0.19]

	AoD spread (σASD) log10([])
	ASD
	1.60
	1.60

	
	ASD
	0.18
	0.18

	AoA spread (σASA) log10([])
	ASA
	1.62 
	[-0.15*log10(1+f)+1.82] 

	
	ASA
	0.22 
	[0.11*log10(1+f)+0.02]

	ZoA spread (σZSA) log10([])
	ZSA
	N/A
	[-0.43*log10(1+f)+1.48]

	
	ZSA
	N/A
	 [-0.17*log10(1+f)+0.37]

	ZoD spread (σZSD) log10([])
	ZSA
	N/A
	[0.15*log10(1+f)+1.11] 

	
	ZSA
	N/A
	[0.10*log10(1+f)+0.16] 

	K-factor (K) [dB]
	ZSA
	7
	[0.84*log10(1+f)+2.12]

	
	ZSA
	4
	[-0.58*log10(1+f)+6.19]

	XPR [dB] 
	
	11
	15

	
	
	N/A
	3

	Correlation distance in the horizontal plane [m]
	DS
	8
	8

	
	ASD
	7
	7

	
	ASA
	5
	5

	
	SF
	10
	10

	
	K
	4
	4

	
	ZSA
	N/A
	3

	
	ZSD
	N/A
	3

	Delay distribution
	Exp
	Exp

	AoD and AoA distribution
	Laplacian
	Wrapped Gaussian

	ZoD and ZoA distribution
	N/A
	Laplacian

	Delay scaling parameter  r
	3.6
	2.15






Table 2. LSP for indoor office LOS (part2)
	Scenarios
	LOS

	
	IMT-A
	Recommended

	Cross-Correlations

	ASD vs DS
	0.6
	0.6

	
	ASA vs DS
	0.8
	0.8

	
	ASA vs SF
	–0.5
	–0.5

	
	ASD vs SF
	–0.4
	–0.4

	
	DS vs SF
	–0.8
	–0.8

	
	ASD vs ASA
	0.4
	0.4

	
	ASD vs K
	0
	0

	
	ASA vs K
	0
	0

	
	DS vs K
	–0.5
	-0.5

	
	SF vs K
	0.5
	0.5

	
	ZSD vs SF
	N/A
	0.1

	
	ZSA vs SF
	N/A
	-0.3

	
	ZSD vs K
	N/A
	0

	
	ZSA vs K
	N/A
	0.1

	
	ZSD vs DS
	N/A
	0.2

	
	ZSA vs DS
	N/A
	0.1

	
	ZSD vs ASD
	N/A
	0.3

	
	ZSA vs ASD
	N/A
	0.1

	
	ZSD vs ASA
	N/A
	0.3

	
	ZSA vs ASA
	N/A
	0.3

	
	ZSD vs ZSA
	N/A
	0.3


Table 3. LSP for indoor office NLOS (part1)
	Scenarios
	NLOS

	
	IMT-A
	Recommended

	Delay spread (DS)
log10([s])
	DS
	–7.41
	[-0.19*log10(1+f)-7.32]

	
	DS
	0.14
	[ 0.06*log10(1+f)+0.12] 

	AoD spread (σASD) log10([])
	ASD
	1.62
	1.39

	
	ASD
	0.25
	0.19

	AoA spread (σASA) log10([])
	ASA
	1.77
	[0.10*log10(1+f)+1.49]

	
	ASA
	0.16
	[0.05*log10(1+f)+0.13]

	ZoA spread (σZSA) log10([])
	ZSA
	N/A
	[-0.23*log10(1+f)+1.19]

	
	ZSA
	N/A
	 [-0.26*log10(1+f)+0.50] 

	ZoD spread (σZSD) log10([])
	ZSA
	N/A
	[1.14*log10(1+f)+0.51] 

	
	ZSA
	N/A
	[-3.02*log10(1+f)+2.64]

	K-factor (K) [dB]
	ZSA
	N/A
	N/A

	
	ZSA
	N/A
	N/A

	XPR [dB] 
	
	10
	12

	
	
	N/A
	7

	Correlation distance in the horizontal plane [m]
	DS
	5
	5

	
	ASD
	3
	3

	
	ASA
	3
	3

	
	SF
	6
	6

	
	K
	N/A
	N/A

	
	ZSA
	N/A
	3

	
	ZSD
	N/A
	3

	Delay distribution
	Exp
	Exp

	AoD and AoA distribution
	Laplacian
	Wrapped Gaussian

	ZoD and ZoA distribution
	N/A
	Laplacian

	Delay scaling parameter  r
	3
	1.84



[bookmark: _Ref447198480]Table 4. LSP for indoor office NLOS (part2)
	Scenarios
	NLOS

	
	IMT-A
	Recommended

	Cross-Correlations
	ASD vs DS
	0.4
	0.4

	
	ASA vs DS
	0
	0

	
	ASA vs SF
	–0.4
	–0.4

	
	ASD vs SF
	0
	0

	
	DS vs SF
	–0.5
	–0.5

	
	ASD vs ASA
	0
	0

	
	ASD vs K
	N/A
	N/A

	
	ASA vs K
	N/A
	N/A

	
	DS vs K
	N/A
	N/A

	
	SF vs K
	N/A
	N/A

	
	ZSD vs SF
	N/A
	N/A

	
	ZSA vs SF
	N/A
	-0.1

	
	ZSD vs K
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A

	
	ZSD vs DS
	N/A
	-0.1

	
	ZSA vs DS
	N/A
	-0.1

	
	ZSD vs ASD
	N/A
	0.3

	
	ZSA vs ASD
	N/A
	0.2

	
	ZSD vs ASA
	N/A
	0.1

	
	ZSA vs ASA
	N/A
	-0.04

	
	ZSD vs ZSA
	N/A
	0.4



For SSPs, clustering results are based on joint spatial and temporal analysis. The frequency dependency of SSP was also investigated. The results are summarized in Table 5 and Table 6. The SSPs for IMT-A InH were also listed as reference [4]. It should be noted that the results from IMT-A InH are based 2D modeling.
Table 5. SSP for indoor office LOS
	Scenarios
	LOS

	
	IMT-A
	Recommended

	Number of cluster
	15
	4

	Number of rays per cluster
	20
	[20]

	Cluster ASD
	5
	7

	Cluster ASA
	8
	


	Cluster ZSA
	N/A
	


	Per cluster shadowing std  [dB]
	6
	6


Table 6. SSP for indoor office NLOS
	Scenarios
	NLOS

	
	IMT-A
	Recommended

	Number of cluster
	19
	4

	Number of rays per cluster
	20
	[20]

	Cluster ASD
	5
	3

	Cluster ASA
	11
	


	Cluster ZSA
	N/A
	


	Per cluster shadowing std  [dB]
	3
	3



3	Conclusion
In this contribution, the LSP and SSP have been investigated for indoor indoor office. Based on the results, the following is proposed:
Proposal 1:.for indoor office, the correlation distance and cross correlation of LSP in IMT-A can be reused for azimuth domain channel characteristics. The recommended LSP from Table 1 to Table 4 should be adopted for large-scale channel modeling of this SI.
Proposal 2:.for indoor office, the number of rays per cluster and per cluster shadowing in IMT-A can be reused. The recommended SSP in Table 5 and Table 6 should be adopted for cluster-level small–scale channel modeling of this SI.
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Appendix A:	InH Large-scale channel characteristics
[bookmark: _Ref435453544]Table 7. Preliminary Indoor office large-scale channel characteristics (part 1)
	
	3.5GHz1
	6GHz1
	20 GHz2
	28GHz3
	73GHz4
	3.GHz5
	8GHz5
	73GHz5
	28GHz5
	38GHz6

	Scenarios
	LOS
	NLOS
	LOS
	NLOS
	LOS
	LOS
	Hybrid
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Delay spread ()
log10(seconds)
	Median(ns)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	17.72
	28.77
	10.48
	31.28
	14.53 
	23.06 
	10.58 
	23.28 
	TBD
	TBD

	
	DS 
	TBD
	TBD
	TBD
	TBD
	-7.33
	-7.75
	-8.1
	-8.08
	-7.58
	-8.19
	-7.62
	-7.85 
	-7.67 
	-7.97
	-7.7
	-7.83
	-7.64

	
	DS 
	TBD
	TBD
	TBD
	TBD
	0.1
	0.13
	0.4
	0.53
	0.15
	0.63
	0.29
	0.18 
	0.2 
	0.25
	0.2
	0.21
	0.19

	Delay distribution
	TBD
	TBD
	TBD
	TBD
	TBD
	Exponential
	Exponential
	Exponential
	TBD
	TBD

	AoA spread (ASA) 
log10(degrees)
	Median(deg)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	54.04
	64.75
	51.5
	65.65
	30.48 
	37.46 
	28.24 
	47.51 
	TBD
	TBD

	
	ASA 
	3GPP
	3GPP
	1.72
	1.49
	TBD
	1.57
	1.6
	1.72
	1.81
	1.71
	1.8
	1.46 
	1.54 
	1.43
	1.66
	1.76
	1.87

	
	ASA 
	3GPP
	3GPP
	0.14
	0.23
	TBD
	0.22
	0.37
	0.05
	0.04
	0.09
	0.06
	0.13 
	0.19 
	0.14
	0.12
	0.17
	0.09

	AoD spread (ASD) 
log10(degrees)
	Median(deg)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	ASD 
	3GPP
	3GPP
	1.34
	1.49
	1.8
	1.08
	1.5
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	ASD 
	3GPP
	3GPP
	0.15
	0.08
	0.09
	0.23
	0.26
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	ZoA spread (ZSA)
log10(degrees)
	Median(deg)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	6.99
	6.98
	6.73
	6.9
	4.37 
	5.71 
	9.9 
	6.24 
	TBD
	TBD

	
	ZSA 
	1.02
	1.08
	1.33
	0.95
	TBD
	0.67
	-0.025d+1.18
	0.84
	0.84
	0.83
	0.84
	0.62 
	0.76 
	1
	0.79
	0.86
	0.87

	
	ZSA 
	0.41
	0.36
	0.07
	0.28
	TBD
	0.17
	0.30
	0
	0
	0.01
	0.01
	0.14 
	0.08 
	0.05
	0.08
	0.04
	0.05

	ZoD spread (ZSD)
log10(degrees)
	Median(deg)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD 
	TBD 
	TBD 
	TBD 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	ZSD 
	1.22
	1.26
	1.25
	1.48
	0
	0.40
	-0.040d+1.45
	TBD 
	TBD 
	TBD 
	TBD 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	ZSD 
	0.23
	0.67
	0.25
	0.09
	0.48
	0.23
	0.33
	TBD 
	TBD 
	TBD 
	TBD 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	AoD and AoA distribution
	TBD
	TBD
	TBD
	TBD
	TBD
	Laplacian
	Uniform
	Wrapped Gaussian
	TBD
	TBD

	ZoD and ZoA distribution
	Gaussian
	TBD
	TBD
	TBD
	Laplacian
	Laplacian
	Laplacian
	TBD
	TBD

	Delay scaling parameter r
	TBD
	TBD
	TBD
	TBD
	TBD
	1.95
	2.4
	TBD
	TBD
	TBD
	TBD
	2.03
	1.35
	2.23
	1.78
	TBD
	TBD

	XPR (dB)
	XPR 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	15
	TBD
	TBD
	TBD
	TBD
	10
	6
	TBD
	TBD
	TBD
	TBD

	
	XPR 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	
	TBD
	TBD
	TBD
	TBD
	7.5
	10
	TBD
	TBD
	TBD
	TBD

	LOS Ricean K factor (dB) * 
	K 
	TBD
	N/A
	TBD
	N/A
	TBD
	TBD
	8
	TBD
	N/A
	TBD
	N/A
	TBD
	N/A
	TBD
	N/A
	TBD
	N/A

	
	K 
	TBD
	N/A
	TBD
	N/A
	TBD
	TBD
	3
	TBD
	N/A
	TBD
	N/A
	TBD
	N/A
	TBD
	N/A
	TBD
	N/A


1. From BUPT based on measurement
2. From DOCOMO based on measurement
3. From KT based on measurement
4. From Nokia/NYU based on ray-tracing
5. From Huawei based on measurement
6. From ETRI based on measurement

Table 8. Preliminary Indoor office large-scale channel characteristics (part 2)
	
	14GHz1
	28GHz1
	2.44 GHz2
	5.8 GHz2
	14.8 GHz2
	15GHz2
	58.7GHz2
	2.9GHz3
	29GHz3
	28GHz4
	73GHz4

	Scenarios
	LOS
	NLOS
	LOS
	NLOS
	NLOS
	NLOS
	NLOS
	LOS
	NLOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Delay spread ()
log10(seconds)
	Median(ns)
	27.78
	36.92
	29.35
	43.16
	24
	28
	24
	22.9
	42.4
	21
	24
	45
	25
	36
	TBD
	TBD
	TBD
	TBD

	
	DS 
	-7.60
	-7.47
	-7.55
	-7.41
	-7.59
	-7.55
	-7.62
	-7.65
	-7.43
	-7.64
	-7.7 
	-7.4 
	-7.6 
	-7.5
	TBD
	TBD
	TBD
	TBD

	
	DS 
	0.27
	0.22
	0.15
	0.17
	0.25
	0.17
	0.20
	0.2
	0.17
	0.30
	0.29
	0.14 
	0.37 
	0.18
	TBD
	TBD
	TBD
	TBD

	Delay distribution
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	Exponential
	TBD
	TBD
	TBD
	TBD

	XPR (dB)
	XPR 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	14
	10.4
	22.8
	15.4

	
	XPR 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	1.5
	9.7
	2.4
	8


1. From CMCC&BUPT based on measurement
2. From Ericsson based on measurement
3. From Qualcomm based on measurement
4. From NYU based on measurement
Table 9. Preliminary Indoor office large-scale channel characteristics (part 3)
	Parameters
	3.5GHz1
	20GHz2
	28GHz3
	73GHz4
	28GHz5
	73GHz5

	
	LOS
	NLOS
	LOS
	LOS
	Hybrid
	LOS
	NLOS
	LOS
	NLOS

	Correlation distance (m)
	DS [ns] 
	TBD
	TBD
	TBD
	TBD
	TBD
	2.26 
	2.47 
	1.85 
	1.69 

	
	ASD [deg] 
	TBD
	TBD
	TBD
	TBD
	TBD
	2.01 
	1.83 
	1.96 
	0.67 

	
	ASA [deg] 
	TBD
	TBD
	TBD
	TBD
	TBD
	2.07 
	2.61 
	2.06 
	1.62 

	
	ZSD [deg] 
	4
	4
	TBD
	TBD
	TBD
	3.01 
	2.23 
	3.03 
	2.02 

	
	ZSA [deg] 
	4
	4
	TBD
	TBD
	TBD
	2.65 
	2.54 
	2.09 
	0.83 

	
	SF [dB] 
	TBD
	TBD
	TBD
	TBD
	TBD
	1.64 
	1.14 
	0.28 
	2.45 

	
	K [dB] 
	TBD
	TBD
	TBD
	TBD
	TBD
	1.62 
	1.13 
	0.28 
	2.41 

	Cross Correlation 
	ASD [deg]  vs DS [s] 
	3GPP
	3GPP
	0.26
	0.481
	0.47
	TBD
	TBD
	TBD
	TBD

	
	ASA [deg]  vs DS [s] 
	3GPP
	3GPP
	TBD
	0.5433
	0.28
	0.83
	-0.03
	0.69
	-0.1

	
	ASA [deg]  vs SF [dB] 
	TBD
	TBD
	TBD
	0.0454
	TBD
	0.07
	-0.55
	-0.41
	-0.13

	
	ASD [deg]  vs SF [dB] 
	TBD
	TBD
	-0.68
	0.3111
	TBD
	TBD
	TBD
	TBD
	TBD

	
	DS[s] vs SF[dB] 
	TBD
	TBD
	-0.33
	0.3318
	TBD
	0.44
	0.35
	-0.24
	0.6

	
	ASD [deg] vs ASA [deg] 
	3GPP
	3GPP
	TBD
	0.6236
	0.15
	TBD
	TBD
	TBD
	TBD

	
	ASD [deg] vs K [dB] 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	ASA [deg] vs K [dB] 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	DS [s] vs K [dB] 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	SF [dB] vs K [dB] 
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	 ZSD [deg] vs SF [dB] 
	0.18
	0
	0.02
	0.3749
	TBD
	TBD
	TBD
	TBD
	TBD

	
	 ZSA [deg] vs SF [dB] 
	0.34
	0
	TBD
	0.3313
	TBD
	-0.52
	-0.01
	-0.68
	-0.27

	
	ZSD [deg] vs K [dB] 
	0
	N/A
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	ZSA [deg] vs K [dB] 
	0.1
	N/A
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	ZSD [deg] vs DS [s] 
	0
	-0.27
	0.24
	0.1752
	0.07
	TBD
	TBD
	TBD
	TBD

	
	ZSA [deg] vs DS [s] 
	0
	-0.06
	TBD
	0.4963
	-0.01
	-0.2
	-0.12
	0.41
	-0.24

	
	ZSD [deg] vs ASD [deg] 
	0.65
	0.35
	0.1
	-0.3449
	0.21
	TBD
	TBD
	TBD
	TBD

	
	ZSA [deg] vs ASD [deg] 
	0
	0.23
	TBD
	0.5116
	0.1
	TBD
	TBD
	TBD
	TBD

	
	ZSD [deg] vs ASA [deg] 
	0
	-0.08
	TBD
	-0.0418
	0.22
	TBD
	TBD
	TBD
	TBD

	
	ZSA [deg] vs ASA [deg] 
	0.62
	0.43
	TBD
	0.6429
	0.06
	-0.03
	-0.28
	0.61
	-0.37

	
	ZSD [deg] vs ZSA [deg] 
	0.05
	0.42
	TBD
	0.0975
	0.44
	TBD
	TBD
	TBD
	TBD


1. From BUPT based on measurement
2. From DOCOMO based on measurement
3. From KT based on measurement
4. From Nokia/NYU based on ray-tracing
5. From Huawei based on measurement
[bookmark: _Ref446748503]Table 10. Preliminary Indoor office small large-scale channel characteristics 
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	[bookmark: _Toc445291198][bookmark: _Toc445291663]73GHz1
	28GHz2
	3.5GHz3
	8GHz3
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	Hybrid
	LOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Number of clusters
	6
	7
	4 
	3 
	4 
	3 
	3.271
	3.5
	3.9
	4.3

	Number of rays per cluster
	10
	4
	20 
	20
	20
	20
	52.9
	41.82
	38.47
	35.75

	Cluster ASD [deg] 
	3.2
	9.75
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Cluster ASA[deg] 
	3.7
	13.22
	12.75 
	20.89 
	9.81 
	19.95 
	15.27
	15.35
	14.05
	10.44

	Cluster ZSD[deg] 
	10^(-0.043d+0.09)
	3.61
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Cluster ZSA[deg] 
	10^(-0.036d-0.18)
	5.16
	6.92 
	6.91 
	6.53 
	6.76 
	8.06
	5.42
	3.95
	4.51

	Per cluster shadowing std [dB]
	12
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD


1. From Nokia/NYU based on ray-tracing
2. From KT based on measurement
3. From Huawei based on measurement
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