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1. Introduction
Proximity services require fundamentally new modes of physical layer operation in LTE.  Consequently, relevant scenarios and corresponding channel models for device to device transmission are needed in order to evaluate physical layer performance.  We discuss our views on relevant scenarios in our companion contribution [1].  In this contribution, we discuss our views with respect to channel models required to complete the physical layer evaluation.
2. D2D Channel Model Discussion 
A number of different types of propagation models are likely to be necessary when evaluating the physical layer performance for both the discovery and communication aspects of the study item.  Propagation models for the case of macrocell/microcell-to-device links are already specified in [2], and these channel models can naturally be reused, when appropriate, for the purpose of modeling the impact of interfering transmissions to/from the more traditional cell types.  Propagation models will also likely be needed for a variety of direct device-to-device links, with some of the more important links being:

· Outdoor-to-Outdoor links

· Indoor-to-Indoor links

· Indoor-to-Outdoor links

· Indoor-to-Outdoor-to-Indoor links

Although [2] already contains models that are specified for use when modeling many of these link types, it is important to consider that the expected height of both the transmitter and receiver in the D2D case is expected to be at relatively low antenna heights, and this assumption deviates from the applicable range of most of these models.    This lower eNB antenna height can have a significant impact on the channel model parameters when it tends to be below obstructions that block paths to the UE, particularly for the non line of sight case.  Since path loss and shadowing are likely to be the most dominant factors affecting system performance, they should be modeled well for device-to-device radio links.  In the following subsections, we discuss the impact of the lower eNB antenna height on relevant channel model scenarios, along with other potential issues that we feel should be highlighted.
2.1. Outdoor-to-Outdoor Scenarios
A number of different channel models have been developed over the years to model propagation for the more-traditional scenarios where the infrastructure antenna is placed at a relatively high location above the surrounding clutter.  Some of the more notable models are as follows:
· ITU-R M.2135 (UMi)
· WINNER II (B1)
· WINNER + (B1)
· ITU-R P.1411.6

Details of each model are described in [3]-[6], and parameters for each model are summarized in the Appendix.  As discussed, one of the main questions regarding these models is whether they are applicable once the eNB antenna height is reduced to the lower height expected for device-to-device communications.  In order to examine how these models might behave when the eNB height is lowered to that of the expected device antenna height, the channel models were evaluated at 2 GHz using 1.5 meter antenna heights at both the transmitting and receiving devices.  The results are illustrated in Figure 1 for the different models, and where applicable, equations are illustrated for both the non-line-of-sight (NLOS) case and line-of-sight (LOS) cases.  Also illustrated in Figure 1 is the simplified pathloss models proposed in [7] for use with outdoor-to-outdoor links.
A search of the literature reveals that only a limited number of measurement campaigns have been performed to date that deal with the measurement and modeling of propagation channels for low-antenna device-to-device communications.  One of the more applicable of these measurement campaigns appears to be [8], where 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 conducted 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.  Separate pathloss equations were developed for the cases of line-of-sight conditions and non-line-of-sight conditions.  Finally, for the case of LOS conditions, the authors looked at curve-fitting using both a single-slope model and a dual-slope model.  The resulting pathloss equations were also evaluated at 2 GHz using 1.5 meter antenna heights and the results are shown in Figure 1 for comparison with the other propagation models.  
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Figure 1.  Linkgain Values Predicted by Various Propagation Models at 2 GHz Using 1.5 Meter Antenna Heights at Both Transmit and Receive Antennas
A few observations can be made from Figure 1:

· In the range of 100-300 meters, both the LOS and NLOS sets of curves display a fairly large range, which is on the order of 25-30 dB.

· It appears that the dual-slope propagation models predict higher levels of pathloss at moderate-to-long distances than the single slope models.
· The curves based on the measured pathloss data tend to generally lie toward the middle of the range for both the LOS and NLOS cases.

Naturally, one must be cautious about placing too much emphasis on a single set of measured data since measured pathloss can differ significantly from region to region and city to city.  Because of this, we prefer to select a model that produces predicted pathloss values that are conservative relative to those predicted by the measured data.  From Figure 1, it appears that the WINNER+ model produces the closest conservative fit to the measured data, when considering both LOS and NLOS cases.  

Regarding the LOS probability, we propose to use the expression in [5] for Scenario B1.  Finally, the values of the observed shadow fading variability for the measured data was significantly above that associated with the WINNER+ models.  Since the reduced eNB antenna height means that the model is much more subject to the location of clutter at both ends of the link, we believe that it is likely that pathloss variability has increased over that of the elevated eNB cases, and prefer to use a larger value for the shadow fading sigma for both LOS and NLOS models. 
Recommendation:
· Consider using the WINNER+ 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 10 dB is reasonable based on the findings in [8].  
2.2. Indoor Scenarios
TR 36.814 already defines a number of channel models that are defined for the case where at least one of the devices is located indoors.  One such model is the indoor RRH/hotzone model, and a second such model is the dual-strip model for evaluating femtocell operation.  The parameters for the RRH/hotzone model are summarized in Table A.5 of the Appendix, and the parameters for the dual-strip model are summarized in Table A.6 of the Appendix.  Both of  these models assume that the eNB is located indoors, and consequently assume a somewhat limited height with the device placed somewhat within the local clutter.  From that perspective, they at least serve as a starting point for discussion.  The subsections below discuss some of the pros and cons of each model with respect to the different indoor scenarios.
2.2.1 Indoor-to-Indoor Scenarios

For the case of indoor-to-indoor links, the list of potential indoor architectures includes everything from large open indoor arenas to densely packed hotel/apartment buildings with large numbers of interior walls.  Figure 2 illustrates the pathloss resulting from use of the two models for the case of indoor-to-indoor links using the parameters currently defined in TR 36.814.  
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Figure 2.  Linkgain Values Predicted by Various Models for Indoor-to-Indoor Propagation

As can be seen in Figure 2, the two models exhibit vastly different signal attenuation characteristics, with the dual-strip model displaying a roughly linear attenuation with distance, while the RRH/hotzone model exhibits more of a logarithmic rolloff with distance.  While the RRH/hotzone model has the advantage of being very simple to implement in simulations since it only a function of distance, the lack of a linear rolloff with distance, which is a fairly well-known characteristic of many indoor propagation environments, is a concern.  This might seem to indicate that the model is more suited to predictions for large indoor arenas, but then one has to wonder about the pathloss slope of 16.9 dB/decade for the LOS links, which seems to imply that some sort of waveguide effect is occurring, which eventually leads you to the conclusion that the model is best suited for modeling hallways and other long corridors in interior buildings.  Indeed, the equation in the model for NLOS links is very similar to that of an outdoor propagation model, which seems to imply that the NLOS links are limited to cases where the propagation path consists primarily of diffraction or propagation through only a single wall or two.  In essence, this model seems limited to modeling pathloss for the hotspot environment depicted in Figure 2.1.1.5-1 of TR 36.814.  

As a starting point for indoor propagation, the dual-strip model seems to have some advantages over the RRH/hotzone model since it attempts to account for penetration loss due to walls and floors as a function of the actual number of walls and floors that separate the transmitter and receiver.  This, of course, increases the complexity of implementing the model since, in its current form, requires the specific modeling of physical environments and the modeling/counting of walls, floors, etc.  However, the benefit of this complexity is the potential for a more versatile model since it is capable of predicting pathloss for a multitude of environments just by changing the architectural features (i.e., number of walls and their locations, etc) based on the scenario that is attempting to be simulated (i.e., indoor stadiums, indoor shopping malls, etc).  Also, the model complexity is not likely to impact simulation run times, since pathloss and shadowing computations take a negligible amount of computation time relative to the total in a system simulation.  The primary drawback of the dual-strip model seems to be the fixed value for the linear attenuation factor with distance.  One could potentially remedy this limitation by adjusting the linear rolloff factor based on the expected clutter expected to be encountered for different scenarios (i.e., lower values for indoor arenas, higher values for indoor office spaces.
2.2.2 Indoor-to-Outdoor Scenarios

With respect to indoor-to-outdoor links, the RRH/hotzone model attempts to model the pathloss by taking the maximum of the pathloss resulting from the use of the indoor NLOS equation and the outdoor NLOS equation.  Since the both the slope and intercept of the indoor NLOS equation is larger than that of the outdoor NLOS equation, the model essentially simplifies to that of the indoor NLOS equation with an extra 20 dB added to account for penetration of the exterior building wall.  The dual-strip model uses a somewhat similar approach, with the model basically beginning the pathloss calculation by taking the maximum obtained from using the outdoor distance-based pathloss formula and the distance-based pathloss portion of the inside-to-inside formula, and then adding in the additional pathloss terms resulting from explicit penetration through interior apartment walls, floors, and the penetration through the exterior wall.
2.2.3 Indoor-to-Outdoor-to-Indoor Scenarios

Similar to the modeling of indoor-to-outdoor links, the RRH/hotzone model computes propagation loss for indoor-to-outdoor-to-indoor links by computing the maximum of the pathloss values resulting from use of the outdoor NLOS equation and the indoor NLOS equations, and then adding the penetration loss of two exterior walls (20 dB each).  Again, the outdoor NLOS equation never impacts the result and so the net pathloss is equal to the pathloss calculated by using the indoor NLOS equation and then adding extra penetration loss factors for each of the two exterior walls that are penetrated.  The dual-stripe model computes pathloss in a similar manner as for the case of indoor-to-outdoor links, but there is an additional propagation loss for the second exterior wall that is penetrated, and the number of walls in the calculation is presumably computed by summing the walls penetrated in both apartment strips.
Recommendations:
· The dual-strip model should be considered for use as at least a starting point for modeling propagation loss when at least one device is located indoors due to its ability to more reasonably model the propagation loss associated with specific use cases.
· RAN1 should discuss the feasibility of tailoring the architecture of the dual-strip model to fit different use case scenarios.
· Along these same lines, RAN1 should discuss the feasibility of setting the slope of the linear clutter loss term as a function of use case scenario.

3. Conclusion
Based on the observations discussed in this contribution, we propose:
· Consider using the WINNER+ 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 10 dB is reasonable based on the findings in [8].  
· The dual-strip model should be considered for use as at least a starting point for modeling propagation loss when at least one device is located indoors due to its ability to more reasonably model the propagation loss associated with specific use cases.

· RAN1 should discuss the feasibility of tailoring the architecture of the dual-strip model to fit different use case scenarios.

· Along these same lines, RAN1 should discuss the feasibility of setting the slope of the linear clutter loss term as a function of use case scenario.
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5. Appendix
	Table A.1 Summary of Urban Micro Channel Model from Report ITU-R M.2135
Scenario
	Path loss (dB)

Note: fc is given in GHz and distance in m!
	Shadow fading std (dB)
	Applicability range, antenna height default values

	Urban Micro (UMi)
	LoS
	PL = 22.0 log10(d) + 28.0 + 20 log10(fc) 

PL = 40 log10(d1) + 7.8 – 18 log10(h′BS) –18 log10(h′UT) + 2 log10(fc)
	( = 3

( = 3
	10 m < d1 < d′BP (1)

d′BP < d1 < 5 000 m(1)
hBS = 10 m(1), hUT  = 1.5 m(1)

	
	NLoS
	Manhattan grid layout:
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Hexagonal cell layout:

PL = 36.7 log10(d) + 22.7 + 26 log10(fc)
	(  = 4

(  = 4
	10 m < d1 + d2  < 5 000 m,

w/2 < min(d1,d2 )(2)
w = 20 m (street width)

h′BS = 10 m, hUT  = 1.5 m.
When 0 < min(d1,d2 )  < w/2 , the LoS PL is applied.

10 m < d < 2 000 m
hBS = 10 m

hUT =1-2.5 m


Table A.2 Summary of Channel Model B1 From WINNER II
	Scenario
	Path-loss [dB]
Note: fc is given in GHz and distance in meters.
	Shadow fading std (dB)
	Applicability range, antenna height default values

	B1
	LOS
	PL = 22.7log10(d) + 41.0 + 20.0log10 (fc /5)

PL = 40.0log10(d) + 9.45 – 17.3log10(h‘BS) 
– 17.3log10(h‘UT) + 2.7log10 (fc /5)
	( = 3

( = 3
	10 m < d < d‘BP1)
d‘BP < d < 5000 m1)
hBS = 10 m1), hUT = 1.5 m1)

	
	NLOS
	Manhattan layout2)
	
	


Table A.3 Summary of Channel Model B1 From WINNER +
	Scenario
	Path-loss [dB]
Note: fc is given in GHz and distance in meters.
	Shadow fading std (dB)
	Applicability range, antenna height default values

	UMi
	LOS
	PL = 22.7log10(d) + 41.0 + 20log10 (fc /5)

PL = 40log10(d) + 9.45 – 17.3log10(h‘BS) 
– 17.3log10(h‘UT) + 2.7log10 (fc /5)
	( = 3

( = 3
	10 m < d < d‘BP1)
d‘BP < d < 5000 m1)
hBS = 10 m1), hUT = 1.5 m1)

	
	NLOS
	Hexagonal layout:2)
fc: 0.45 – 1.5 GHz
PL = (44.9 – 6.55 log10 (hBS))log10(d) + 16.33
+ 5.83log10(hBS) + 26.16log10 (fc)

fc: 1.5 – 2 GHz
PL = (44.9 – 6.55 log10 (hBS))log10(d) + 14.78
+ 5.83log10(hBS) + 34.97log10 (fc)

fc: 2 – 6 GHz
PL = (44.9 – 6.55 log10 (hBS))log10(d) + 18.38
+ 5.83log10(hBS) + 23log10 (fc)

Manhattan layout2)
	( = 4

	10 m < d < 2000 m
hBS = 10 m, hUT = 1.5 m


Table A.4 Summary of Channel Model From ITU-R P.1411.6

	Scenario
	Path-loss [dB]
Note: fc is given in GHz and distance in meters.

	LOS
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	NLOS
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 = 24.5 + 45log10(fc) + 40log10(d) 
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Table A.5 Summary of UE to Indoor RRH/Hotzone Model
	Cases
	Path Loss (dB)
	Shadow
ing standard deviation 
	Penetration Loss
	Fast Fading (when fast fading in both frequency and spatial domains is modelled)*

	UE to macro BS
	(1) UE is outside
	PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	10dB
	0dB
	ITU UMa 

	
	(2) UE is inside 
	
	
	20dB
	

	UE to RRH/
Hotzone
	(1) UE is inside a different building as the indoor hotzone
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))
For 2GHz, R in km

	10dB
	40dB
	ITU InH (NLOS) 

	
	(2) UE is outside 
	
	
	20dB
	

	
	(3) UE is inside the same building as the indoor hotzone
	PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
For 2GHz, R in km
Prob(R)=
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	LOS: 3dB

NLOS: 4dB
	0dB
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Table A.6 Summary of Dual-Strip Model for Urban Deployment of Indoor Femto Cells
	Cases
	Path Loss (dB)
	Fast Fading(when fast fading in both frequency and spatial domains is modeled)

	UE to HeNB
	(3) Dual-stripe model: UE is inside the same apt stripe as HeNB


	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and HeNB

In case of a single-floor apt, the last term is not needed
	InH, LOS or NLOS depends on whether line-of sight from UE to HeNB;



	
	(4) Dual-stripe model: UE is outside the apt stripe
	Model 1: 

PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
Model 2:

PL (dB) = max(2.7+42.8 log10 R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB 


	InH (NLOS)

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	Model 1:

PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 
Model 2:

PL(dB) = max(2.7+42.8 log10 R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB


	InH (NLOS)
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