3GPP TSG RAN WG1 Ad Hoc meeting for Channel Model	R1-161609
Ljubljana, Slovenia, March 14-16, 2016

Agenda Item:	8
Source:	Huawei, HiSilicon
Title:	Measurements on outdoor to indoor propagation
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#84 meeting, it was proposed jointly by 10 companies in [1] that a list of additional features should be reflected in the new channel model. Then it was merged into the WF on channel methodologies [2] which was cosourced and supported by 27 companies. It was accepted as a working assumption [3] with only the last bullet being added to include the investigation of detailed modeling for map-based, stochastic or hybrid methodologies. Additionally, it was proposed jointly by 23 companies in [4] 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 [5], pathloss model for O-to-I for below 6 GHz has been studied. The formula and parameters are illustrated in Table 1. However, the penetration loss for millimeter-wave signals is more sensitive to frequency and materials [6]. The validity and applicability of current O-to-I model should be further investigated for mm-wave bands.  We have investigated through measurements penetration losses for glass and wood material for frequencies between 2 and 74 GHz.  From these measurements we propose a comprehensive model for the propagation study across a wide frequency range.
[bookmark: _Ref421869718]Table 1. O-to-I pathloss below 6GHz
	Scenario
	Pathloss [dB], fc is in GHz and distance is in meters
	Shadow 
fading 
std [dB]7)
	Applicability range, 
antenna height 
default values 

	3D-UMi O-to-I
	PL = PLb + PLtw + PLin
For hexagonal cell layout:
PLb = PL3D-UMi (d3D-out + d3D-in)
PLtw = 20
PLin = 0.5d2D-in
	σSF =7
	10m < d2D-out + d2D-in < 1000m
0m < d2D-in < 25m
hBS = 10m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 3, 4, 5, 6, 7, 8.
Explanations: see 3)

	3D-UMa O-to-I
	PL = PLb + PLtw + PLin
For hexagonal cell layout:
PLb = PL3D-UMa(d3D-out + d3D-in)
PLtw = 20
PLin = 0.5d2D-in
	σSF =7
	10m < d2D-out + d2D-in < 1000m
0m < d2D-in < 25m
hBS = 25m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 3, 4, 5, 6, 7, 8.
Explanations: see 5)



In this contribution penetration loss of different materials at different frequencies including both below 6 GHz and above 6 GHz were investigated by measurement and simulation.
[bookmark: _Ref129681832]Penetration measurement and simulation 
Penetration 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: ]
Figure 1. Channel sounder system 
As shown in Figure 2, to avoid undesirable reflection phenomenon, absorption materials are placed surrounding the material to be measured and the instruments. 
[image: ]
Figure 2. Penetration measurement side view  
The penetration measurements were made across 6 frequency bands shown in Table 2. Three kinds of common materials used in buildings were tested to measure the penetration losses. In the Table 2 below, the composite penetration loss at different frequencies are shown[footnoteRef:1]. The detailed measurements for these materials are plotted in Figure 3.   Generally for these measurements, the channel sounder was aligned so that the propagation path was perpendicular to the material being tested.   [1:  Note that in this program, no measurements were made at frequencies between 18 and 26 GHz.] 

Table 2. Penetration pathloss measurement result
	materials
	Penetration

	
	2.5-8G
	10-18G 
	26-40G 
	33-50G
	50-67G 
	72-74G 

	Frosted glass
	2-6dB 
	2-6dB 
	3-8dB 
	4-9dB
	4-10dB 
	9-12dB 

	Two layer glass
	2-6dB 
	2-6dB 
	2-9dB 
	4-9dB 
	6-11dB 
	9-12dB 

	Wooden door
	2-10dB
	3-8dB
	6-12dB 
	6-12dB
	10-13dB 
	--


[image: ][image: ][image: ]
(a)  	                                                (b)                                                 (c)
Figure 3. Penetration loss for different materials
Observation 1: The penetration above 6GHz is frequency dependent which is different with model below 6GHz. Penetration simulation 
The measurements illustrated in Figure 3, show that the penetration loss across the wide range of frequencies presents a semi-periodic fluctuation. While the fluctuation of homogeneous glass materials seems more regular than the composite wooden door material, we suspect that the fluctuations are caused by the superposition of multiple transmission and reflections at the surfaces of the materials and the surrounding air. We could use classic transmission line model to simulate this phenomenon. The following model shown in Figure 4 helps to understand this phenomenon [4].
[image: ]
Figure 4. Material-air interface model 
And the structure of multiple reflections of signals within the material while passing O-to-I is illustrated in Figure 5. According to the analysis below and the transmission loss inside the object, simulation is done to illustrate the frequency dependency and the reason of fluctuation.  



[bookmark: OLE_LINK2]Illustrate:  
[bookmark: OLE_LINK1]1:Ζ0 and ΖR areis the characteristic impedance of free space，normally the Ζ0 = ΖR.
2:Ζ1 is the characteristic impedance of material for penetration measurement
3: Γ1 is reflection coefficient for incident wave from Ζ0 to Ζ1 ,R ,the same principle toΓ2 andΓ3 are the reflection coefficient at other surface of materials.
4:T1 is transmission coefficient for incident wave from Ζ0 to Ζ1, T2 and T3 are , the transmission coefficient at other surface of materials.same principle toT2
[image: ]
Figure 5. Illustrating multiple reflections within material structure
The transmission loss across wide range frequencies presents periodic fluctuation, due to the secondary and triple reflections from the surfaces of the material. The analytic periodic transmission loss across the frequency range is shown in the left chart of Figure 6.  This has a good similarity to measured loss shown in the right portion of Figure 6.  The comparison of simulation and measurement suggests that the physical explanation for the periodic loss fluctuation and frequency dependency is derived from the multiple reflections from the surfaces of the material.
[image: ][image: ]
Figure 6. Comparison of simulation and measurement

Penetration model and performance
Penetration channel model
The measurement results of Figure 3 suggest the loss values for all penetration objects maybe modeled as a frequency dependent formula as in (1) below.
                                              (1)
In Figure 7 below, the measured curves of three materials are illustrated together with the penetration model (1). The penetration loss shows linear frequency dependence due to the analysis and fitting results. The detailed parameters vary between the different materials. As explained in the analysis, the multiple reflections from the material surfaces (both external and internal) lead to fluctuation of loss. It is modeled as factor of deviation with respect to complexity of object structure.  The parameters for these materials according to measurement results are shown in Table 3. Considering non-perpendicular incidence angles,   we might keep the same model as (1), with update of the coefficient according to more measurement.
Table 3. Penetration pathloss measurement result
	parameter
	a
	b
	

	


	Single layer glass
	1.47 
	0.105 
	-9.07e-16
	1.65

	Two layer glass
	1.84  
	0.099 
	-9.08e-16
	1.60 

	Wooden door
	4.85 
	0.115 
	-8.7e-16
	1.74


The parameters of penetration materials differ from each other when modeling.  Although in this program only three materials have been measured, other materials also could be modeled using similar measurements and theory.  
[image: ][image: ][image: ]
(a) single layer glass                    (b) two layer glass                           (c) wooden door 
Figure 7. Comparison of measurement and fitting 


The distribution of variation and normal distribution function fitting for single layer glass are shown in Figure 8. According to the parameter simulation results in Table 3, the value of could be simplified to zero in (2), while the typical value of  may be set tofrequency independent value.
                                                                   (2)
[image: ]
Figure 8. Penetration  

Observation 2: The penetration loss could be modelled as frequency dependent function above 6GHz.
O-to-I model 
In consideration of complicated structure and diverse composition of building materials as shown in Figure 10, not only the penetration for single material should be modeled, but also the transmission O-to-I losses from multiple materials. 
[image: ]
Figure 10. Illustration of O-to-I scenarios with multiple materials
		                                 			(3)
In this example, the overall pathloss from outdoor to indoor is composed of four factors shown in equation (3) [2]. In general, the penetration loss depends on the proportion of typical materials and the building construction as a summation shown in equation (4). 

		                                   			(4)




Here, N is the number of common materials in O-to-I scenarios, andis proportion of i-th materials, while. The parametersand represent i-th material. For simplicity, of normal distribution might be set to constant such as 1.7.
The proportion and number of common materials could be defined as a single parameter representing the composite building complexity. Also it is considered that these material parameters might also be dependent on details of their installation scenarios. 
Table 4. O-to-I model definition
	factors
	
	
(/m)
	


	values
	



	

0.5
	

1.7



Observation 3: The O-to-I model might depend on the constructive materials.

Conclusions
In this contribution penetration loss of different materials at different frequencies including both below 6 GHz and above 6 GHz were investigated by measurement and simulation. According the results, three observations are given, 
Observation 1: The penetration above 6GHz is frequency dependent which is different with model below 6GHz. Penetration simulation 
Observation 2: The penetration loss could be modelled as frequency dependent function above 6GHz.
Observation 3: The O-to-I model might depend on the constructive materials.
Therefore, the following proposals are proposed: 
Proposal 1: The penetration and O-to-I model in current 3GPP model should further extended to consider support for bands both below 6 GHz and above 6 GHz.
Proposal 2:  The O-to-I model and glass, wood, etc proposed in Table 4 can be adopted as O-2-I model pathloss model for this SI.
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