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1	Introduction
Accurate channel models are needed to evaluate various D2D algorithms to be proposed as part of Rel. 12. For a systems study, we need models that cover all the aspects of a wireless channel including pathloss, shadowing and fast fading. Here, we propose channel models that can be used for D2D performance evaluation that cover all these aspects. Our approach is to reuse when possible the existing models defined in 36.814 [1], and amend or augment them as needed for D2D based on the results in literature.
In this contribution, our proposal can be summarized as follows:
1. Large scale fading/pathloss
a. Indoor to indoor/outdoor: use an amended Dual Stripe model from [1] 
b. Outdoor to outdoor: use models gives in the literature [8], [9]
2. Shadowing and fast fading: use appropriate models given in [1]


[bookmark: _Ref305442835]2	Proposal for D2D Channel Models
2.1 Indoor to indoor/outdoor models
Currently, the dual-stripe model [1] can simulate effects of internal and external building walls and floor losses for modeling indoor and outdoor links for the small cell study. The small cell to UE channel should be statistically similar to a UE to UE channel due to similar height and placement of a small cell as that of a UE. Therefore, we propose that these models can be reused for D2D channel model.
Additionally, by treating each 10m x 10m dual-strip unit as an office/shop/residential premise, it can be applied to different deployment scenarios such as residences, commercial buildings (offices, cafes, shops, etc.) as well as mix of residential and commercial buildings. Therefore, in this contribution we propose to use dual-stripe model for indoor urban environments. In order to improve the model accuracy, we also propose a few amendments to the dual-stripe model. 
The existing dual-stripe model [1] for small cell to UE links is provided as reference in the Appendix. In this section, we propose modifications to this model. Path loss model equations for indoor UE1 to UE2 links for different UE2 location scenarios (indoor, outdoor, or in a different building) are provided below. UE1 is always assumed to be indoors.
2.1.1 UE1 inside same apartment stripe/building as UE2
For the existing dual-stripe model, the path loss model is given by 
PL (dB) = 38.46 + 20 log10R + 0.7 d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
This consists of four components: 
i. distance dependent free space path loss term:  38.46 + 20log10R  
ii. indoor distance dependent attenuation that models penetration loss of walls within an apartment (0.7 d2D,indoor)  
iii. floor loss term (18.3 n ((n+2)/(n+1)-0.46))   
iv. penetration loss from walls between apartments (q*Liw) 
The terms ii) and iv) capture the loss due to walls inside the building, ii) corresponding to walls within a 10m x 10 m unit (apartment) and iv) corresponding to walls separating the units. The model parameters need to be chosen carefully so that the aggregate effect of these losses is captured with reasonable accuracy. A 5 dB per wall loss (Liw) for internal walls is widely accepted [6], [7]. However, the linear loss term (0.7 d2D,indoor) is modeled differently in the literature. For example, a loss of 0.62* d2D,indoor  is used in a simplified model (without modeling internal walls) in COST-231 recommendations [5] or a statistical model with higher exponent is also proposed in [5]. For an equivalent scenario for indoor to outdoor propagation, 0.6 dB/meter loss is used in [5] and 0.5 dBm/meter loss is used in WINNER model A2 [6]. This suggests that to capture effects of internal walls with better accuracy, the dual-stripe model should use a lower linear path loss term. 
Considering this, we  recommend the use of the following model (with smaller linear loss term):
PL (dB) = 38.46 + 20 log10R + 0.3 d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
This correction is compared along with the existing models with models proposed in [5] in the figure below – as can be seen from the figure the corrected model gives a better fit to the model in [5] especially at longer distances where it corrects the bias from the current model. The figure shows the distance vs pathloss for a single floor of the one building of the dual stripe model – the transmitter and receiver locations chosen uniformly at random on the floor. 
	[image: ]

2.1.2 UE2 is outside the apartment stripe/building
For the existing dual-stripe model, the path loss is given by:
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
 It consists of five components: 
i.  distance dependent path loss term (e.g., max(15.3 + 37.6log10R, 38.46 + 20log10R))  
ii. indoor distance dependent attenuation that models penetration loss of walls within an apartment (0.7d2D,indoor)  
iii. floor loss term (18.3 n ((n+2)/(n+1)-0.46))   
iv. Penetration loss from walls between apartments (q*Liw)  
v. Building penetration loss term (Low).
While i), iv) and v) accurately capture various propagation effects, we propose corrections to the terms ii) and iii).
Based on discussion in the earlier section for modeling internal wall losses, we propose to use 0.3 dB/meter linear loss instead of  0.7 dB/meter. 
Additionally, the floor loss modeling is ambigiuous and  inaccurate. While ray tracing can be used to compute the number of floors (‘n’) penetrated by a signal traveling from UE1 to UE2, it can give incorrect results. For example, consider UE1 on the fifth floor and an outdoor UE2 on the ground floor. While ray tracing gives number of penetrated floors to be two (solid line), the signal can also travel through other paths (e.g., the dotted line) via building’s external wall and other openings (e.g., windows, balcony). Therefore, counting floor loss towards the path loss can give inaccurate results.


Figure 1 Indoor UE1 to Outdoor UE2 Link

The indoor to outdoor model with floor loss component was proposed in [2] based on [3] and [4]. However, both [3] and [4] use floor loss component for path loss computation only for links between indoor small cell and indoor UE and not for an outdoor UE link. Higher path loss experienced by an outdoor UE is captured through the use of higher path loss exponent [4].  The existing model indeed has higher path loss exponent for outdoor UE link compared to an indoor to indoor link, same apartment building UE link (exponent of 3.76 vs. 2.0). Thus, floor loss should not be modelled separately for indoor to outdoor link. Therefore, we propose the following amended model (i.e., without floor loss component for outdoor UE link): 

PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.3 d2D,indoor + q*Liw + Low
where q is the number of walls separating apartments between UE and small cell, Liw is the penetration loss of the wall separating apartments, which is 5dB.
The term 0.3 d2D,indoor takes account of penetration loss due to walls inside an apartment. 
Low is the penetration loss of an outdoor wall, which is 20dB.

2.1.3 UE2 is inside a different apartment stripe (different building)
Existing model combines elements of small cell to indoor UE in same building and small cell to outdoor UE links for modelling the link between small cell and UE in another building. Following this methodology and in light of the modifications proposed in earlier sections, following model is proposed for the link between two UEs in different buildings:
PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.3 d2D,indoor + q*Liw + Low,1 + Low,2 
where Low,1 and Low,2 are the penetration losses of outdoor walls for the two buildings.

2.1.4 Log-normal shadow fading and fast fading
Log-normal shadow fading is modelled on all links. Standard deviation for this log-normal shadowing is based on existing model [1], i.e., 4 dB for link between two UEs in the same apartment and 8 dB for all other links.
For fast fading, InH LOS or NLOS models are proposed as specified in [1].
2.2 Outdoor to outdoor
Outdoor to outdoor UE models have not been discussed extensively within 3gpp. However, some models have been presented in literature: in particular ITU-1411 LOS model can be applied for D2D modeling [8]. Additionally, a model derived from the Xia model in [9] has been used in 36.828 [10] to model interference between two UEs for the TDD case. We propose the ITU-1411 LOS model for the LOS propagation and a simplified model based on the Xia model for the NLOS propagation.
2.2.1 LOS model
The model proposed in ITU-1411 has a validity range of up to 1km and is valid over a large range of carrier frequencies from 300 MHz to 100 GHz.
The model is specified as upper and lower bounds to the pathloss which are given as:
Lower bound



where d is the distance in meters, and 



Upper bound


We propose that the upper bound be used with the following parameters fc = 2 GHz; hm = hb = 1.5 meters – when the model can be written as (also see figure below).


2.2.2 NLOS model
Xia model has been proposed in [9] for modeling outdoor NLOS propagation by capturing propagation over rooftops even when the UEs are below rooftop level. This model also has been used in [10] for capturing UE to UE interference for a TDD deployment .
However, the model given in [10] shows a large discontinuity in the pathloss at 50 meters yielding high pathloss values beyond that distance. 
Here, we compare the model in [10] with the one given in [9], Section V based on the following parameters:
1. Distance between buildings = 50 meters
2. Street width = 30 meters; UE location = 15 meters (mid-way on the street);
3. Delta Hm  =  6; Delta Hb = -6 –  i.e. both UEs placed 6 meter below rooftop.

The Xia model dependence on distance cannot be simply captured by a simple exponent, however we propose to capture the dependence in the regime of interest (pathloss < 140 dB) by the following proposed model  (note that we reuse the LOS model below the breakpoint distance since it predicts higher pathloss than the one used in [9]).


A comparison of all the models is shown in the figure below.
[image: ]
2.2.3 LOS probability
It is proposed that the UMi LOS probability in [1] be reused for D2D.
It is given by [image: ]
where d is the distance in meters.
2.2.4 Log-normal shadow fading and fast fading
Log-normal shadow fading is modelled on all links. It is proposed that the standard deviation for this log-normal shadowing be 10 dB which is used for modelling outdoor RRH/Hotzone in [1]. 
For fast fading, the UMi LOS and NLOS models are proposed as specified in [1].

3 	Other aspects 
3.1 Shadowing correlation
In [1] an exponential in distance correlation between shadowing for two UEs to the same eNodeB is proposed and a constant correlation between two eNodeBs and one UE is proposed.
However, such a modelling for D2D links is not straight forward. In addition distance based shadowing can be computationally intensive when there is a large number of UEs. So, it is proposed that the correlation should not be modelled as a simplifying assumption -- correlation modelling is left for FFS. 
3.2 Antenna gain
An antenna gain of 0 dBi is proposed based on [11].
3.4 Noise figure
A noise figure of 9 dB is proposed based on [11]. 

4 	Conclusions

In this contribution, we proposed to channel models for UE to UE in a variety of settings. The proposals are summarized in the table below.

	Cases
	Path Loss (dB)
	Shadowing Standard Deviation
	
Fast Fading

	UE1 indoor
	UE2 in same building
	PL (dB) = 38.46 + 20 log10R 
+ 0.3 d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46)  +  q*Liw
	
4 dB LOS
8 dB NLOS
	InH (LOS/NLOS)

	
	UE2 outdoor
	
PL (dB) = 38.46 + 20 log10R 
+ 0.3 d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw + Low
	
8 dB
	InH (NLOS)

	
	UE2 in another building
	
PL (dB) = 38.46 + 20 log10R 
+ 0.3 d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw 
+ Low,1+ Low,2
	
8 dB
	InH (NLOS)

	UE1 outdoor
	UE2 outdoor LOS
	
  
	
10 dB
	UMi (LOS)

	
	UE2 outdoor NLOS
	

[image: ]
	
10 dB
	UMi (NLOS)
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Appendix 
A.1 Dual-Strip Model for Urban Deployments [1]
	Cases
	Path Loss (dB)
	Fast Fading(when fast fading in both frequency and spatial domains is modelled)

	UE to macro BS
	(1) UE is outside PL(R)
	Model1:
PL (dB) =15.3 + 37.6log10R, R in m
Model2:
PLLOS(R)= 30.8+24.2log10(R) 
PLNLOS(R)= 2.7+42.8log10(R) 

For 2GHz, R in m.

Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	UMa

	
	(2) UE is inside an apt
	Model1:
  PL (dB) =15.3 + 37.6log10R + Low, R in m
Model2:
PLLOS(R)= 30.8+24.2log10(R) + Low
PLNLOS(R)= 2.7+42.8log10(R) + Low

For 2GHz, R in m

Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	UMa

	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)



Liw is the penetration loss of the wall separating apartments, which is 5dB.
The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 
	    Low is the penetration loss of an outdoor wall, which is 20dB.
	    Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.
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