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1 Introduction
This contribution addresses the channel models part of the SID on D2D [1]. The main focus is on path loss modeling for different scenarios, where it is believed that it is essential that such models are based on geometrical considerations, irrespective of whether the resulting model at the end is geometrical or statistical. 
The general idea is to as far as possible reuse available channel models, but with proper modifications.  A good reference for this purpose is COST 231 ‎[6].  Similar to the proposal in ‎[12], a distinction between channel models to be used is done based on the location of the two devices, i.e., whether they are indoors, outdoors, or one indoors and one outdoors. Especially for scenarios where the devices are on different floors or inside different buildings no proper channel models have been found, and therefore these cases are given extra attention.

An important property is that the propagation occurs in 3D as for some scenarios a large fraction of the devices is expected to be located indoors at different floors of potentially high rise buildings. For this reason the distance always refer to the 3D distance. 

We also discuss possible other scenarios and whether it is needed to model statistical properties like Doppler spread and shadowing correlation.

2 Both devices Indoors
When both devices are indoors, it is suggested to make a distinction between the following three cases
· Both devices are in the same building and on the same floor

· Both devices are in the same building but on different floors

· The devices are in different buildings

In the 3GPP channel models (e.g., Home eNB (indoor) and Pico/RRH models (outdoors)) described in [2], these  three cases are essentially modeled by one single formula, i.e.,
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where in case the two devices are in different buildings, two terms corresponding to the outer walls of the respective buildings are added. Although there is a merit of having only one expression for all situations where both devices are indoors, we argue that for some cases there are simpler models whereas for others the formula above is not accurate enough.

2.1 Both devices are in the same building and on the same floor

This is the simplest case, and we propose to use the linear attenuation model developed in COST231‎[6], i.e.,
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is free space loss, 
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accounts for the wall loss in terms of dB/m, and
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is the distance between the two devices (
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is typically in the range 0.3 to 1 dB per meter). The shadowing is assumed to be log-normally distributed with the distance dependence according to
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Figure 1:  Same floor path loss from measurements [4] and proposed model.
The leftmost graph shows measurement data (blue circles) together with the modelled loss (red curve). The rightmost graph shows the same model but with the shadowing stochastically generated according to the shadowing spread model.
2.2 Both devices are in the same building but on different floors

The model in ‎[2] is based on the assumption that the communication link is through the different floors and therefore gives a very high loss when the number of penetrated floors becomes large. In many practical situations, the path loss is much smaller due to the fact that the communication link will not primarily be through the floors, but by reflections in, e.g., other buildings. As a simple numerical example, with n = 10 the loss due to floor penetration is 78 dB. If one instead considers a propagation path reflecting in another building, the loss due to two outer walls might be around 40 dB. This difference of 38 dB can be expected to be much larger than the propagation loss outdoors, thus indicating that the model simply is not accurate but severely overestimates the pathloss. Especially for urban scenarios where both the probability of tall buildings and reflections outdoors are large, an extended model is needed.  

The proposal is to use an exponent model
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 is the number of floors separating the devices, 
[image: image15.wmf]fl

L

 is the penetration loss for a single floor and 
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depends on the exterior wall loss and the occurrence of adjacent buildings. 
[image: image19.jpg]Vertical cross-section

10m



[image: image20.jpg]Distance [m]

%0

Distance [m]

60

b)

15

90

[B2p] a|6ue yinwizy
B

270

270




Figure 2:  Measured propagation with a) one floor between Tx17 and Rx6 b) and with two floors between Tx16 and Rx5 ‎[5]. 
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Figure 3: Measured loss with 1-3 separating floors in two office buildings from Seidel et al. ‎[11].
2.3 The devices are within different buildings

To model the loss between the buildings, which in particular for urban scenarios and relatively large distances can be quite complicated, we propose the recursive model [9]. One major difference between this approach and the model proposed in [2] is that also the angle for wall penetration is taken into account. According to COST231, the impact the angle has on the experienced pathloss can easily be more than 10 dB. This is too much to be discarded, especially for the cases when two outer walls are penetrated. It is proposed to use the COST231 outdoor-to-indoor model combined with the recursive model as described in Section 3 but with the indoor propagation applied in both ends.

When one or both devices are located indoors the contribution due to the above rooftop propagation route has to be included. It is proposed to use
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are the heights of the two devices. The exterior wall loss may be angle dependent according to the COST 231 outdoor to indoor model. For determination of angles of incidence relative to the building exterior walls and distance between the devices the 3D direct path is used. The total loss corresponds to the loss obtained by summing the power contributions from the around building propagation route (recursive model) and the above rooftop propagation route
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3 One device indoors and one device outdoors

For this case we propose to use COST 231, which also takes the angel between the path and the outer wall into account. In this case we believe that the corresponding model in [2] does not accurately model the path loss. 
We propose to use the recursive model together with the COST231 outdoor-to-indoor model. The proposal is to use contributions from four sides of the building where the device is located.
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Figure 4  Illustration of the different contributions in case of indoor-to-outdoor communications.

At each exterior wall there is a node point j (at the intersections of arrows 1-4 in the figure above) which is in LOS with respect to the previous node (of the recursive model). The distance of the last hop of a recursive propagation path is 
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. For each exterior wall j there is a contribution to the received power. The corresponding loss is given by
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where
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 is the loss given by the recursive model, 
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 is the external wall loss for perpendicular angle of incidence, 
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is a constant accounting for the angle of incidence dependence, 
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are the perpendicular distances of the exterior wall relative to the outdoor node and the indoor device respectively and, 
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is the distance from the outdoor node to the exterior wall. The total loss,
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, is determined from the total received power by summing contributions from all four walls
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When one or both devices are located indoors the contribution due to the above rooftop propagation route has to be included. It is proposed to use the model described in section 2.3 should be used.
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Figure 5: Indoor to outdoor loss by the model proposal and the corresponding stochastic device distribution.


4 Both devices outdoors
The pathloss between two outdoor devices has been considered in [10], where it was used to determine the interference between two UEs. It seems the model is rather simplified and also shows a large discontinuity. A means to modify this model to make it more suitable for D2D communication was proposed in ‎[12]. We propose to use a simple model based on dominant pathways guided via around buildings propagation routes [9]. In this model the corners of buildings and the antennas represent nodes. 
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Figure 6: Example of a street corner acting as a node.

It is assumed that the dominant pathway is between these nodes. A pathway is possible only if for each node there is LOS to the previous and the next node. At propagation from one node to another the loss depends on the change in direction,
[image: image43.wmf]θ

. The loss is given by the well known expression for free space loss between isotropic antennas where a fictitious distance 
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 at the nth node is used, i.e. 
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where
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 is the is the wave length. An example with four nodes is shown in the figure below
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Figure 7: Illustration of one propagation path between a transmitter (TX) and a receiver (RX).

At each node, the fictitious distance is given by the following recursive expression 
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where
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 is the distance between the jth node and the next node, and 
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. The angle dependence is, using degree units, given by the following expression


[image: image54.wmf]ν

90

θ

(

θ)

90

j

j

qq

æö

=

ç÷

èø


where
[image: image55.wmf]90

q

 and 
[image: image56.wmf]ν

are parameters determined by fitting the model to measurement data. In the figure below the result of a Manhattan street topology for 
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Figure 8: Illustration of how a statistical model can be obtained using the recursive model.

5 Other channel properties

The previous sections have addressed the pathloss, which is believed to be the most important parameter to model accurately.  Other properties that might be of interest, and which also have been discussed by others are fast fading and shadow correlation. The need for shadowing itself is also discussed.

5.1 Shadowing
Shadowing is commonly used to complement the pathloss when a statistical model is merely a cause of that only distance does not suffice to model the path loss. Therefore, for the cases when the recursive method is used and thereby a rather accurate path loss is obtained, no additional term for shadowing is added. For the LOS case of a street lognormal shadowing with 4 dB standard deviation is used. 

5.2 Fast fading
For typical use cases of D2D, it is assumed that the devices are stationary or slowly moving relative to one another. Under this assumption the used model does not seem so important, and therefore the one for InH seems reasonable when one of the devices are indoors, whereas the UMi model appears reasonable in case both devices are outdoors. To take into account that both devices might be moving, an increase in the maximum Doppler might be used, but it does not seem to be motivated to also modify the Doppler spectrum although this clearly will look different compared to when only one device is moving.

One use case where an accurate model of the fast fading might be needed is in case of two devices (vehicles) both moving at significant speed (e.g. applicable for NSPS). Before such a model is determined, it is suggested to determine whether it is really needed. It is proposed to elaborate such a model only if a real need has been assessed. 

5.3 Correlated shadowing

At this point in time it is not clear if this is really needed for the evaluation. It is suggested to be left for FFS to determine if this is needed and if found needed find a proper model.

6 Conclusions
In this contribution, we propose different channel models to be used for the different scenarios of D2D communication. The proposed channel models are summarized below. 

	Considered scenario
	Pathloss model
	Shadowing
	Fast fading
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	Different buildings
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Recursive model (first and last hop by expression above)
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	One device outdoors and one device indoors
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Recursive model (Outdoor to indoor hop by expression above for exterior walls j = 1-4)
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