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Introduction
In RAN1 NR Ad Hoc #3, the following agreements were made:
R1-1716687	Correction on car penetration loss in TR 38.901	CATT, CATR, ZTE
Revision of R1-1715782
To be clarified with meaning of “LN”. 
Final CR to be prepared in R1-1716693 38.901CR0021. 
Text under formula is agreed in principle. Email discussion until Thursday 28th September to agree the details of the formula – Ying (CATT). 

In this contribution, we give our further view on this issue.
[bookmark: _Ref178064866]Discussion
The car penetration loss model used in TR 38.901 and TR 38.900 was first introduced in RAN1#85 as part of a WF on the RMa scenario [1]. This WF identifies the background of the model as being from the IMT-Advanced channel model [2], and contains a brief review of three academic papers on car penetration loss measurements [3],[4],[5]. The WF [1] was agreed in RAN1#85 with no mention of any limitation of the car penetration loss for low or high values. Subsequently, ITU-R WP5D has adopted the same car penetration loss model in its modeling efforts toward a channel model for IMT-2020 evaluation, see section 3.3 in Annex 1 of [6]. 
[bookmark: _GoBack]The definition of the car penetration loss is the difference in received power between a measurement with the car present and a measurement without any car. The current model predicts the loss as Gaussian in dB with a mean value of 9 dB and a standard deviation of 5 dB. It is a matter of current debate whether the car penetration loss model should be limited to some minimum value. Without any limitation it is possible to achieve negative losses, i.e. gains, in some small fraction of all propagation links. It has been claimed that this is “unphysical” and should be avoided.
First, let us observe that a model which does not preserve energy would indeed be unphysical. However, it is obvious and well known from the literature that an antenna inside a car will not radiate equal amounts of power in all direction when observed from the outside of the car. The metal chassis will block direct propagation in some directions leading to heavy attenuation while non-coated or even open windows will allow more free passage of the radio waves leading to lower losses. The energy that is blocked from direct passage out of the vehicle will instead be reflected internally and eventually either dissipated in lossy material inside the car or escape through the low loss openings. Therefore, it is possible that more energy will be radiated in a particular direction than would have been the case in the absence of the car. This is schematically illustrated in Figure 1.
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[bookmark: _Ref494716029]Figure 1 Schematic illustration of how a metallic box with openings (e.g. a car) may result of focusing of energy in certain directions compared with an isotropic radiator.
So clearly, from a physical point of view, there is nothing exceptional with negative car penetration losses. 
[bookmark: _Toc494717998]Negative car penetration loss may occur because of well-known physical propagation behavior, e.g. specular reflections leading to focusing of energy in some directions
Turning to measurements, it is quite rare for negative car penetration losses to be observed. However, it is not unheard of. Compare e.g. figure 4 in [4] which indeed shows negative car penetration loss in the front direction of the car. 
[image: ]
Figure 2 Measurement plot reproduced from figure 4 in [4], with added highlights of negative penetration loss in red
Similarily, measurements of building penetration loss tend to produce a tail of the distribution with negative losses, compare e.g. Fig A.112 and Fig A.113 in [7]. The explanation model is the same as for the car penetration loss.
[bookmark: _Toc494717999]There is empirical evidence for negative car and building penetration loss in the literature
Considering that there exists both a physical explanation and empirical evidence for the occurrence of negative car penetration loss, it is proposed that no additional restriction is imposed on the agreed car penetration loss model in TR 38.901. 
[bookmark: _Toc494717995]No changes are made to the equation (7.4-4) in TR 38.901
Conclusions
In this contribution we made the following observations:
Observation 1	Negative car penetration loss may occur because of well-known physical propagation behavior, e.g. specular reflections leading to focusing of energy in some directions
Observation 2	There is empirical evidence for negative car and building penetration loss in the literature

We make the following additional proposals:
Proposal 1	No changes are made to the equation (7.4-4) in TR 38.901
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