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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#84 meeting, it was proposed jointly by 23 companies in [1] that three deployment scenarios should be investigated in first priority for the channel model SI. Among these three scenarios, outdoor-to-indoor is implicitly included as part of the scenarios to be investigated.
In the previous 3GPP channel models in [2] , channel model for O-to-I for below 6 GHz has been studied. The validity and applicability of current O-to-I model parameters should be further investigated for mm-wave bands. Three approaches has been proposed for derive the LSP and SSP for the outdoor to indoor links for the UMa and UMi scenarios in [3]. It has been agreed the decision will be made in this meeting.
To further promote this study, measurement campaigns have been conducted for outdoor to indoor in frequencies between 2 and 74 GHz. Based on the measurement results, the LSP and SSP for O-2-I scenario has been further investigated. The results can support the O-2-I channel modeling on a wide frequency band up to 100GHz.
In this contribution large-scale parameters and small-scale parameters for O-2-I scenario in different frequencies up to 100GHz have been provided based on measurement.
[bookmark: _Ref129681832]LSP and SSP for O-to-I scenarios
O-to-I measurement 
A multi-band ultra wideband channel sounder system has been designed to measure material penetration losses.  This channel sounder system is illustrated in Figure 1.  The sounder system is based on a vector network analyzer (VNA). 
[image: ]
[bookmark: _Ref446772008]Figure 1. Channel sounder system
As shown in Figure 2, to obtain a scenario of O-to-I, Transmitter is placed in a square out of the building while receiver is in the office inside the building. 
[image: ]
[bookmark: _Ref446772029]Figure 2. O-to-I measurement scenario
O-to-I parameters
The measurement results of O2I large-scale and small-scale parameters are demonstrated in Table 1. Some of these parameters above 6 GHz are proposed for instance to illustrate the difference between frequencies. For comparison, the O2I parameters of 3D channel model in [2] are also provided for comparison. 
[bookmark: _Ref446772057]Table 1. Parameters for O2I measurement
	Parameters
	　36.873
	O2I 6G
	O2I 28G
	O2I 73G

	Delay Spread(DS)
	Median(ns)
	
	16.49
	12.17
	13.91

	
	
	-6.62
	-7.78
	-7.89
	-7.87

	
	
	0.32
	0.32
	0.17
	0.13

	AOA spread
	Median(degree)
	
	63.46
	54.07
	48.17

	
	
	1.76
	1.8
	1.72
	1.69

	
	
	0.16
	0.11
	0.08
	0.06

	ZOA spread
	Median(degree)
	
	8
	6.43
	6.12

	
	
	1.01
	0.9
	0.81
	0.79

	
	
	0.43
	0.01
	0.03
	0.04

	Number of clusters
	12
	4
	4
	4

	Cluster ASA
	8
	18.19
	11.48
	7.07

	Cluster ZSA
	3
	7.58
	7.12
	4.07



Observation 1: no obvious frequency-dependent characteristics could be observed for LSP and SSP in O-to-I scenarios.
Observation 2: delay spread above 6GHz in O-to-I is obviously smaller than parameters in 3D channel model.
As reference, most of the measurements in [3] and this paper are implemented in LOS case in which the receiver is not placed deep into the building. Since pathloss in O-to-I above 6 GHz is obviously larger than frequencies below 6GHz [4] , it is difficult for them to achieve the SNR for transmission While the outdoor propagation is in NLOS case. Thus, the O2I parameters could be modified to reflect the new measurement with pathloss defined in [5]. 
Modeling on O2I LSP and SSP 
Furthermore, based on available measurement in [3] and this contribution, Table 2 is concluded as parameters for O-to-I scenarios.  
[bookmark: _Ref446772759]Table 2. Parameters summary for O-to-I(part1)
	scenario
	O2I

	
	36.873
	O2I (above 6GHz)

	Delay spread (DS)
log10([s])
	DS
	-6.62
	-7.44

	
	DS
	0.32
	0.4

	AoD spread (σASD) log10([])
	ASD
	1.25
	1.25

	
	ASD
	0.42
	0.42

	AoA spread (σASA) log10([])
	ASA
	1.76
	1.67

	
	ASA
	0.16
	0.16

	ZoA spread (σZSA) log10([])
	ZSA
	1.01
	0.75

	
	ZSA
	0.43
	0.20

	XPR [dB] 
	
	9
	9

	
	
	5
	5

	Correlation distance in the horizontal plane [m]
	DS
	10
	10

	
	ASD
	11
	11

	
	ASA
	17
	17

	
	SF
	7
	7

	
	
	N/A
	N/A

	
	ZSA
	25
	25

	
	ZSD
	25
	25

	Delay distribution
	EXP
	EXP

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian
	Laplacian

	Delay scaling parameter  r
	2.2
	2.96



Table 3. Parameters summary for O-to-I(part2)
	Scenario
	O2I

	
	36.873
	O2I (above 6GHz)

	Cross-Correlations

	ASD vs DS
	0.4
	0.4

	
	ASA vs DS
	0.4
	0.25

	
	ASA vs SF
	0
	0.53

	
	ASD vs SF
	0.2
	0.2

	
	DS   vs SF
	-0.5
	0.7

	
	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
	0
	-0.15

	
	ZSA vs SF
	0
	0.4

	
	ZSD vs K
	N/A
	N/A

	
	ZSA vs K
	N/A
	N/A

	
	ZSD vs DS
	-0.6
	0.01

	
	ZSA vs DS
	-0.2
	-0.53

	
	ZSD vs ASD
	-0.2
	-0.21

	
	ZSA vs ASD
	0
	0.42

	
	ZSD vs ASA
	0
	-0.21

	
	ZSA vs ASA
	0.5
	0.23

	
	ZSD vs ZSA
	0.5
	0.38



[bookmark: _Ref446918101]Table 4. Parameters summary for O-to-I(part3)
	Scenarios
	O2I

	
	36.873
	O2I (above 6GHz)

	Number of cluster
	12
	4

	Number of rays per cluster
	20
	20

	Cluster ASD
	5
	5

	Cluster ASA
	8
	20

	Cluster ZSA
	3
	6

	Per cluster shadowing std [dB]
	4
	4



Conclusions
In this contribution, LSP and SSP at different frequencies in O2I above 6 GHz were investigated by measurement. 
Observation 1: no obvious frequency-dependent characteristics could be observed for LSP and SSP in O-to-I scenarios.
Observation 2: delay spread above 6GHz in O-to-I is obviously smaller than parameters in 3D channel model.
With comparison between new measurement and 3GPP 3D model, the parameters could be modified. According the results and observations, the followings are proposed: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal1: the O-to-I large-scale and small-scale parameters should be modified due to new measurement above 6GHz. 
Proposal2: the O-to-I model parameters could be adopted as defined from Table 2 to Table 4 for UMi and UMa scenarios.
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