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1. Introduction
At RAN1#72bis, companies submitted their views on how best to model device-to-device channels for different types of outdoor and indoor links when both devices are located at relatively low heights.  Although there was insufficient time at the meeting to perform detailed discussion of the different viewpoints, a Way Forward [1] was submitted during the meeting that sought to down-select between the various channel modeling candidates, and the Chair suggested that interested companies discuss details of the Way Forward during the time leading up to  RAN1#73.  This contribution summarizes our views on the proposed Way Forward.
2. Discussion
 In general, we support the effort to limit the number of channel models to simulate, and agree with all elements of the Way Forward except for two aspects of outdoor LOS modeling:
1. The LOS component of the ITU-R P.1411.6 model used for the outdoor to outdoor links has substantially different path loss than commonly used models and measurements.
2. The outdoor to outdoor and outdoor to indoor models model use two different models for the same outdoor part of the propagation.  
The following subsections describe these issues in more detail. 
2.1. Free-Space Modeling of outdoor to outdoor LOS Links in ITU-R P.1411-6
Classical propagation theory typically models LOS links using a two-ray ground reflection model, where the power decays at a 20 dB/decade slope at close-in distances where the ground-reflected and LOS rays are undergoing a series of constructive and destructive additions.  This 20 dB/decade attenuation rate then switches to a 40 dB/decade rate at the breakpoint distance where the electrical lengths of the paths become so similar that the two rays undergo their last constructive addition and then begin asymptotically approaching the same length with increasing distance. 
Both WINNER II and WINNER+ use the two-ray model for all outdoor propagation scenarios, as well as for indoor-to-outdoor scenarios.  In fact, typically the only case where they do not employ the two-ray model is in the case of indoor scenarios where shorter distances are typically assumed and/or some type of waveguiding is assumed to occur.

In addition, numerous published sets of measured data confirm that the two-ray model accurately models the propagation characteristics of LOS links, even for the case of low-height devices in urban canyons.  In [2], the authors performed numerous measurements in downtown Philadelphia to examine the propagation channel for low-antenna devices in an urban canyon scenario similar to that described in ITU-R P.1411.6.  Their findings are similar except for the modeling of the LOS link, where the authors note that the two-ray model accurately models the LOS link even over a wide distribution of street widths.  Figure 1 reproduces some of their plots of measured pathloss in the LOS region versus modeling using the two-ray model.  As can be seen, the two-ray model accurately predicts the measured pathloss.

[image: image5.png]



Figure 1.  Measurements Illustrating the Accurate Match of the Two-Ray Model for Low-Antenna Device-to-Device Communications in LOS Urban Corridors for Street Widths of a) 17 meters, b) 6 meters, c) 34 meters.
Another set of measurements was performed in [3].  In this study, the authors performed device-to-device pathloss measurements at a variety of frequencies (420, 935, and 2020 MHz) using permutations of transmit and receive antenna heights at two different heights (1.8, 3.0 meters) and measurements were performed in a variety of urbanization densities.  Curve-fitting of the measured data was then used to empirically derive mean pathloss equations as a function of carrier frequency, transmit and receive antenna heights, and degree of urbanization.  In Figure 2, we plot the LOS pathloss corresponding to the P.1411-6 model, the empirically-derived curves based on the measurements performed in [3], and the WINNER+ B1 model.  As can be seen, the WINNER+ B1 model produces an accurate match to the P.1411-6 model in the 20 dB/decade attenuation region that occurs prior to the breakpoint and also produces an accurate match to the 40 dB/decade attenuation region that occurs after the breakpoint based on the measured data.  
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Figure 2.  Measured LOS D2D Pathloss in Reference [3], ITU-P.1411-6, and WINNER+ B1.

Recommendation:
· Use the WINNER+ B1 model for outdoor-to-outdoor propagation modeling, with the following modifications:

· Use the LOS/NLOS probability model from WINNER II

· Increase the shadow-fading standard deviation for both the LOS and NLOS links.  We believe that a value of 7-10 dB is reasonable based on the findings in [2].  
2.2. Different models in O2O and O2I for the same outdoor path
Our concern regarding the indoor-to-indoor and indoor-to-outdoor models proposed in the Way Forward is that the outdoor-to-outdoor model employs a free-space pathloss equation when modeling LOS links, but the outdoor-to-indoor candidates employ 2-ray ground reflection models for the LOS portion of the outdoor-to-indoor links.  This point is illustrated in Figure 3 and Figure 4.  In Figure 3, a first UE is located a distance d from a building exterior and an LOS designation has been applied to the link.  In our understanding, under the current WF, the link to the second UE is modeled using a free-space equation when the UE is located outdoors, but as soon as the UE steps inside, the same link can switch to a two-ray model.  Because the two ray model has much higher path loss, the switch causes sudden jump in pathloss.
[image: image1.png]File Edit View Window Help

BE8E | ®®[s)/m|c @ =

<

|HB| o2k Comment | share

TEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 54, NO. 2, FEBRUARY 2006

°

=3

Received Power (dBm)

20
30
40
50
€0
70
80
€0
-

Fig. 4. Representative LOS profiles of received power versus distance. (a) wy = 17 m, f = 450 MHz: (b) w; = 6 m, f = 225 MHz: (¢) w; = 34 m,
f = 225 MHz.
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Figure 3. Illustration of different LOS models in O2O and O2I for the same outdoor path
Figure 4 examines the amount of this additional jump in pathloss value as a function of distance if the WINNER+ B4 model is selected for modeling indoor-to-outdoor D2D links.  Note that the jump in pathloss depicted in Figure 4 is not due to the exterior wall penetration loss, but rather is the additional pathloss from using the two ray model instead of the free space model.  The additional pathloss is on top of the exterior wall penetration loss. 
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Figure 4.  Jump In Pathloss from Switching from ITU-P.1411-6 to WINNER+ B4 Model for LOS links
Because the WINNER+ B4 model uses the WINNER+ B1 model for computing the outdoor portion of the pathloss component, a simple solution that will produce a consistent modeling approach (i.e., remove the jumps in pathloss when transitioning across link types) is to use the WINNER+ B1 model for the outdoor-to-outdoor pathloss modeling if WINNER+ B4 is adopted for the indoor-to-outdoor pathloss modeling.  In fact, a consistent pathloss modeling approach in this case could be obtained by then using the WINNER+ B4 model for the indoor-to-indoor links and setting the outdoor distance to zero and subtracting the exterior building wall penetration loss value of 21.04 dB.

Recommendations:
· Use the WINNER+ B4 model for outdoor-to-indoor propagation modeling

· Use the WINNER+ B4 model also for indoor-to-indoor propagation modeling by setting the outdoor distance to zero meters and subtracting the exterior wall penetration loss value of 21.04 dB. 

3. Conclusion
Based on the observations discussed in this contribution, we propose:
· Use the WINNER+ B1 model for outdoor-to-outdoor propagation modeling, with the following modifications:

· Use the LOS/NLOS probability model from WINNER II

· Increase the shadow-fading standard deviation for both the LOS and NLOS links.  We believe that a value of 7-10 dB is reasonable based on the findings in [2].  

· Use the WINNER+ B4 model for outdoor-to-indoor propagation modeling

· Use the WINNER+ B4 model also for indoor-to-indoor propagation modeling by setting the outdoor distance to zero meters and subtracting the exterior wall penetration loss value of 21.04 dB. 
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