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1. Introduction
At the RAN#69, a study item (SI) for channel modelling of frequency spectrum above 6 GHz was approved [1]. In the following RAN1#84, a set of scenarios were agreed [2] which includes Urban macrocell and Urban microcell with both outdoor and indoor UEs. The frequency-dependent behaviour of the outdoor to indoor penetration loss is therefore of great interest to capture accurately in the channel model. In this paper we will discuss the available measurements on building penetration loss for higher frequencies and discuss modelling considerations. 
2. Measurements of building penetration loss
In both the UMa and the UMi scenario a significant portion of UEs or devices are expected to be indoors. These indoor UEs increase the strain on the link budget since additional losses are associated with the penetration into buildings. The characteristics of the building penetration loss and in particular its variation over the higher frequency range is therefore of high interest and a number of recent measurement campaigns have been targeting the material losses and building penetration losses at higher frequencies, see e.g. section 4.4.1 in [3] or [4]. The current understanding based on these measurements is briefly summarized as follows.
Different materials commonly used in building construction have very diverse penetration loss characteristics. Common glass tends to be relatively transparent with a rather weak increase of loss with higher frequency due to conductivity losses. "Energy-efficient" glass commonly used in modern buildings or when renovating older buildings is typically metal-coated for better thermal insulation. This coating introduces additional losses that can be as high as 40 dB even at lower frequencies. Materials such as concrete or brick have losses that increase rapidly with frequency. Figure 1 summarizes some recent measurements of material losses including those outlined in the Annex of the white paper. The loss trends with frequency are linear to a first order of approximation. Variations around the linear trend can be understood from multiple reflections within the material or between different layers which cause constructive or destructive interference depending on the frequency and incidence angle.
[image: ]
[bookmark: _Ref436765154]Figure 1. Measured material penetration losses (from section 4.4.1 in [3]).
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[bookmark: _Ref436765202]Figure 2. Effective building penetration loss measurements (from section 4.4.1 in [3]). The bars indicate variability for a given building. 
Typical building facades are composed of several materials, e.g. glass, concrete, metal, brick, wood, etc. Propagation of radio waves into or out of a building will in most cases be a combination of transmission paths through different materials, i.e. through windows and through the facade between the windows. The exception could be when very narrow beams are used which only illuminates a single material or when the indoor node is very close to the external wall. Thus, the effective penetration loss can behave a bit differently than the single material loss. A number of recent measurements of the effective penetration loss for close to perpendicular incidence angles are summarized in Figure 2. As indicated by the error-bars available for some of the measurements, there can be quite some variation even in a single building. The measurements can loosely be grouped into two categories: a set of high penetration loss results for buildings constructed with IRR glass, and a set of lower loss results for different buildings where regular glass has been used, 
Increased penetration losses have been observed for more grazing incidence angles, resulting in up to 15-20 dB additional penetration loss in the worst case. 
Propagation deeper into the building will also be associated with an additional loss due to internal walls, furniture etc. This additional loss appears to be rather weakly frequency-dependent but rather strongly dependent on the interior composition of the building. Observed losses over the 2-60 GHz range of 0.2-2 dB/m. 
3. Modelling of building penetration loss
The building penetration loss model according to e.g. the 3D channel model [5] consists of the following parts:
					(13)
where PLb is the basic outdoor path loss given by the UMa or UMi path loss models, PLtw is the building penetration loss through the external wall, PLin is the inside loss dependent on the depth into the building, and  is the standard deviation. In the previoos revision of the white paper [3] and in [4] several different frequency-dependent models were proposed. Here the recommended model is described.
The building penetration loss through the external wall is modelled using the composite approach first described in [6]. In this approach, linear loss as a function of frequency is assumed for any specific material, see Table 1.
[bookmark: _Ref445048671][bookmark: _Ref445048576]Table 1. Material penetration losses
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	

	IRR glass
	

	Concrete
	



The composite penetration loss is obtained through a weighted average of the transmission through two different materials, where the weight is given by the relative surface area of each material over the façade of the building. Two variants of the model are given, a low loss and a high loss model, see Table 2. An additional loss of 5 dB has been added to the external wall loss to account for non-perpendicular incidence. The indoor loss has been selected at 0.5 dB/m to maintain consistency with the 3D SCM [5]. Finally, the standard deviation has been tentatively selected based on the experience from the reported measurements. 
[bookmark: _Ref445049023]Table 2 Recommended building penetration loss model
	 
	Path loss through external wall:  [dB]
	Indoor loss:  [dB/m]
	Standard deviation:  [dB]

	Low loss model
	
	0.5
	[3]

	High loss model
	
	0.5
	[5]



A comparison between the model components and aggregate behaviour and the reported measurements can be found in Figure 3.
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[bookmark: _Ref445049457]Figure 3 Comparison between the material loss model and measurements (left) and the composite penetration loss model for normal incidence and measurements (right). From section 6.3 in [3].

Proposal: Adopt the building penetration loss model described in section 3 for the outdoor to indoor path loss in the UMa and UMi scenarios
4. Summary
In this contribution, we give our view on the building penetration loss modelling with the following proposal:
Proposal: Adopt the building penetration loss model described in section 3 for the outdoor to indoor path loss in the UMa and UMi scenarios
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