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Introduction
In 3GPP RAN1 #84 [1] the following WF [1] was taken as a Working Assumption for the channel modelling methodology:
· The channel model in this SI should be based on the stochastic modeling methodology that is used for the 3D spatial channel model of TR 36.873, but with additional features >6GHz in the next page to fulfill the agreed requirements in R1-161142 and the agreed scenarios in R1-161145.
· Consistent extension of the additional features to < 6GHz can be considered after those features have been specified for > 6GHz
· The extensions should not significantly increase simulation complexity.
· The following additional features should be included in the channel model in the SI. FFS how to model these additional features, e.g., one modeling component may be able to satisfy multiple features.
· Foliage, atmosphere and rain attenuations as a function of frequency
· The blockage caused by the static objects and moving objects such as human body and vehicle: The blockage attenuation generally increases with frequency
· The spatial consistency which involves the evolutionary features and the correlation of channels between adjacent UEs or links on the large and small scale. This is useful for support of massive MIMO, mobility and beam trackings
· Support of large bandwidth (possibly up to 10% of carrier frequency)
· Investigation of detailed modelling including map based or hybrid or stochastic methodologies for some scenarios, e.g., open square, indoor, is recommended.
We have omitted the crossed out bits in the agreed WF because they’re crossed out. The bits in bold and italic are highlighted to draw the reader’s attention to those parts, which are the focus of this contribution. Based on an overview of the available literature we propose that at least some of the features in the bolded/italic areas can be addressed by extensions of the classical lognormal and related shadowing models.

Review of classical shadowing models
Although many companies and organizations are carrying out measurement campaigns to ascertain channel models relevant to 5G, it is useful to review already published literature on shadowing models, and to determine how they apply to 5G, especially for bands > 6 GHz.
As Sharp pointed out in RAN1 #84 online during the meeting, in order to develop simulation model verification, whether additional map based modelling is used or extensions to stochastic modelling are used, at the end of the day, when all is mostly said and done, in order to develop simulation model verification, a stochastic model will have to be inferred either from existing stochastic models amended by results of measurement campaigns or by stochastic models inferred from a map based model.
Traditional channel models for shadowing and blockage can be inferred through penetration of multiple obstacles to propagation giving rise to a central limit theorem argument in the lognormal domain. These have been incorporated into the SCM/SCME [3], WINNER [4], [5], ITU-R [6], and 3D channel models [7]. On the other hand, [3] develops a propagation/blockage model suitable for a “Manhattan-type urban geometry” based on a Poisson point process (PPP) model that includes a multiplicative factor accounting for penetration loss, which, by virtue of the “central limit theorem”, can be approximated as lognormal, and considered to be suitable for > 6 GHz as per 5G target new spectrum scenarios, particularly the “urban canyon” scenario.
With the advent of 5G, and RAN1’s decision to prioritize channel models for > 6 GHz, the assumptions on traditional modelling of channels are being revisited; we consider available literature describing these efforts below.

Review of literature related to shadowing models > 6GHz
We will consider literature available for 5G related especially to above 6 GHz, and consider the implications for 5G.

METIS  
The METIS (Mobile and wireless communications Enablers for the Twenty-twenty Information Society) Report [10], discusses three possible channel model approaches for 5G, based on end user scenarios, test cases and requirements considered by the METIS project.  These scenarios and test cases are mapped to propagation scenarios, resulting in three possible models: a map-based model, a stochastic model, and a hybrid model derived from the map and stochastic models.  The METIS report claims that there is are deficiencies in 3D coverage (although the 3GPP 3D model is acknowledged), frequency coverage, bandwidth, limited scenarios, D2D and dual mobility modelling, and large array support. These deficiencies are often explained by a lack of “consistency,” although that term lacks rigorous definition in the report, although presumably “consistency” refers to some kind of (piecewise?) continuous spatial, temporal, and frequency correlation properties.
The map based model described in [10] purports to use calculations based on uniform geometric theory of diffraction (UGTD) to address issues related to diffraction and material variation. 

For pathloss and propagation, among other conclusions the METIS report states:

	· ITU-R Urban Microcellular pathloss model fits our LOS measurements beyond 6 GHz but not necessarily with our NLOS measurements.
· A modified ITU-R UMi LOS pathloss model covers the frequency range between 0.8 to 60 GHz.
· Diffraction can be a dominant propagation phenomenon in NLOS indoor 60 GHz propagation.
· Both specular and diffuse components are important in 60 GHz indoor channel.



The shadowing aspects of the “map based” METIS report consider, e.g., shadowing by people or vehicles randomly distributed on a map with fixed sizes, with UGTD ray tracing used to account for diffraction and blocking effects. This to say that the map based model relies in part on presumed stochastic behaviour. 

About the stochastic model, the METIS report states:

	The output of the channel model shall be complex MIMO channel impulse responses per user link depending on the user location. In some evaluations it may be adequate to investigate only the pathloss and shadowing effect. In these cases, the channel model output is the sum effect of pathloss and shadowing, which can be determined by PL & SF models of WINNER based approach or by a total path attenuation of the map-based model, without considering polarizations or antenna models. For some cases the time evolution of the channel is of importance, therefore it has to be clarified whether the users are mobile or stationary or if the drop-based simulation is used, when the stabile users are in virtual motion. In case of mobile users, user routes need to be defined in terms of time and space.




It is clear that extensions of these models may be one approach for 5G channel models according to [10], especially in regards to shadowing; it appears regarding shadowing that some kind of spatial dependency of AoA might be needed.
Manhattan Poisson Line Process Model [3]
We have already mentioned [3] as compatible with the classical lognormal shadowing model. We should also note that the authors claim that for this spatially correlated channel model, for the urban canyon, “both the LOS and NLOS interference in a Manhattan type network geometry happen to be ‘discontinuous’, in stark contrast with what was previously observed in the conventional model (without correlated shadowing). The authors anticipate that this type of model may be particularly useful to millimetre wave transmission. 

NYU related work
NYU has been doing extensive work in the area of channel modelling for 5G, for example, [11], where, relevant to the purpose of this contribution, it’s noted that shadowing at 28 GHz is modelled as a lognormal random variable. In addition, [12] presents parameters related to LOS probability, large-scale path loss, and shadow fading models using the data obtained from propagation measurements at 2, 10, 18, 28 and 38 GHz, where distance dependent phenomena are reported via shadow fading statistics reported, and where a pathloss/shadowing model is described.  In addition [13] also models lognormal shadowing for 28, 38, and 73 GHz measurements. 


5G Americas, “5G Channel Model for bands up to 100 GHz”
About blockage models, this report [14] states:

	Dynamic blockage and geometry-induced blockage can be modelled by different modelling approaches. The dynamic blockage could be modelled as a component of the small scale fading by including excess shadowing on a number of paths or clusters, as has been proposed in [METIS 2015] or [IEEE 802.11ad]. The geometry-induced blockage could be modelled as a component of the large-scale fading as additional shadow fading with certain occurrence probability.



It should be noted that also here what is proposed would result in eventually a statistical model for shadowing and blockage.

Summary of reviewed literature related to shadowing
There are other papers we could have cited, e.g., [15], but the trend is fairly clear: the balance of the literature, including that employing ray tracing models and empirical measurements, generally results in a statistical (stochastic) model for accounting for blockages and shadowing effects, even though these effects may have directional or distance related dependencies. Therefore we propose the following: 


Proposal: For characterizing scenarios with foliage, blockage and frequency dependent attenuation, extensions of traditional models of shadowing should be used.

Conclusion
Based on the observations made we propose:
Proposal: For characterizing scenarios with foliage, blockage and frequency dependent attenuation, extensions of traditional models of shadowing should be used.
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