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1. Introduction
Technology for device-to-device (D2D) communication is being discussed in 3GPP. One of the key ingredients of D2D evaluation methodology is the channel model for UE-UE link as the simulation results are highly dependent on the path loss and shadow fading model between UEs. While in 3GPP and ITU [1][2] extensive effort has been spent on modeling the channels between macro eNB and UE, between macro eNB and relay nodes, and between low power nodes and UE, there is lack of systematic investigation of UE-UE channel model. This situation justifies that the UE-UE channel model should first be studied in D2D study so that the results would accurately reflect the performance potential of D2D services in the actual deployments. 
We in this contribution intend to discuss modeling methods in order to better represent the propagation environment typical to D2D discovery and communications. 

2. Simulation scenarios
D2D simulation evaluations can be divided into three scenarios: indoor, outdoor and indoor/outdoor. In the Indoor scenario, all UEs are placed indoor where ITU InH pathloss model [1] has been used. In the outdoor scenario, all UEs are placed outdoor where traditionally ITU UMA in [1] was recommended. In indoor/outdoor scene, some of UEs are in the indoor, and the others are in the outdoor where dual strip model has been widely employed.
2.1 Indoor scenario
In ITU InH scenario, the antenna height of low power node (LNP) is 3~6 meters, not too different from the height of a UE which is typically 1~2.5 meters. Therefore in this scenario, the propagation environment between UE-UE link and LPN-UE would be similar. So we propose to reuse ITU InH channel model [1], including the pathloss equations and LOS probability function, as the base for indoor D2D performance study, with certain extension. 
It is noticed that ITU InH model does not define the LOS pathloss for distance within 3 meters. While such restriction makes sense for cellular (including via LPNs) communications, we believe that it is possible that two UEs very close to each other, e.g., ~1 meter, can exchange data directly. Free space propagation is expected in such short distance. Hence we propose to reuse the free space pathloss model in [3] when D2D distance is less than 2 meters. For the distance between 2 and 4 meters, linear interpolation can be used to smoothly transit from free space model to the original InH LOS model. So for InH D2D, the proposed UE-UE pathloss model is summarized in Table 1 and the pathloss curves as a function of distance are illustrated in Figure 1. 
	Distance
	Pathloss model proposed
	Explanation

	d≦2m
	PL=38.45+20*log10( d),  d in m
	Reuse free space model in [3]

	2<d≦4
	PL=4.57*d + 35.34,  d in m
	Interpolation between pathloss models between d<2 and d>4

	d>4
	LOS
	PL = 43.43+16.9*log10(d) 

3 m < d < 100 m
	Reuse ITU InH, fc =3.4 GHz for example

	
	NLOS
	PL = 22.13+43.3*log10(d) 

10 m < d < 150 m
	Reuse ITU InH, fc =3.4 GHz for example


Table 1 UE-UE pathloss model for InH scenario
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Figure 1 UE-UE pathloss curves for proposed InH D2D channel model
Proposal 1: For InH scenario, when the distance between D2D users is greater than 4 meters, ITU InH pathloss model is reused. When the distance is within 2 meters, free space propagation model in [3] is reused. When the distance is 2~4 meters, the pathloss curve is obtained by interpolating the free space model and LOS model. ITU InH LOS probability function is reused.
2.2 Outdoor scenario
2.2.1 UE-UE pathloss
One possible candidate for outdoor D2D scenario is the UE-UE pathloss model used in Release 11 TDD eIMTA study [3]. It was proposed for the calculation of the potential interference between two nearby UEs when one is configured for uplink transmission while the other for downlink reception in the same subframe. That model was based on eNB to UE propagation model, with adjustment to account for the different antennas heights between eNB and UE. The model has some artificial behavior at the distance of 50 meters when the pathloss curve is not continuous, suddenly jumping from LOS dominant environment to NLOS dominant environment. The discontinuity can be smoothed out by introducing a transient distance, for example, between 50 and 70 meters, as shown in Table 2 and Figure 2. The carrier frequency is assumed 2 GHz.
Another possible candidate model is the one used in ITU-1411 [4] which was originally formulated to capture the pathloss between two low-height antennas, e.g., 1.9~3 meters, rather than a retrofitted model from others. The model is applicable for a wide range of carrier frequencies. So in this sense, ITU-1411 model is slightly more natural than the model of TDD eIMTA. In Figure 2, the pathloss curve of ITU-1411 model is compared with modified UE-UE model of TDD eIMTA. Here, the value of parameter “p” is 50%, reflecting the median pathloss. It is found that the two curves match well when for distance up to 60 meters. Beyond that, the pathloss of TDD eIMTA model is roughly 12 dB higher than that of ITU-1411.
Since ITU UMa channel model has been widely used for cellular communications, one may think of lowering the antenna height of eNBs to the level of UE terminals, for example, from 25 meters to 1.5 meters, in the equation. However, 1.5 meters would be out of the applicable range of eNB antennas which is typically higher than 10 meters. Such straightforward extension would result in a model that cannot accurate reflect the real environment. Similarly situation would be seen if we simply substitute the BS antenna height in WINNER II C2 model [5]. 

	
	Case
	Path loss
	Explanation

	ITU UMA
	LOS
	PL = 22.0*log10(d) + 34.02， 10 m < d < d’BP 

PL = 40*log10(d) +19.24， d’BP< d < 5 000 m

	Reuse ITU UMa model with antenna height of BS substituted by UE height

	
	NLOS
	PL = 42.87*log10(d) +150.51

10 m < d < 5 000 m


	Reuse ITU UMa model with antenna height of BS substituted by UE height

	WINNERⅡ
	LOS
	PL = 26*log10(d) + 31.04，10 m < d < d’BP
PL = 40*log10(d) + 19.51， d’BP< d < 5000 m

	Reuse ITU UMa model with antenna height of BS substituted by UE height

	
	NLOS
	PL = 43.75*log10(d)+26.33
50 m < d < 5000 m

	Reuse ITU UMa model with antenna height of BS substituted by UE height

	TDD eIMTA (Modified)
	PL = 20log(d) + 38.45, for d < 50m
PL = -70.46 + 2.86*d, for 50m < d < 70m

PL = 40*log10(d) + 55.78, for d > 70 m
	Modification: adding transition region of 50~70 m

	ITU 1411
	PL = 20*log(d) + 37.35, for d < 50m
PL = -44.28 + 2.31*d, for 50m < d < 70m

PL = 40*log(d) + 43.77, for d > 70 m
	Assuming p = 50%


Table 2 UE-UE pathloss model for outdoor scenario
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Figure 2 UE-UE pathloss curve comparison between candidate channel models for outdoor 
Proposal 2: For outdoor scenario, UE-UE model of ITU-1411 or the modified model of TDD eIMTA can be used, with slight preference of ITU-1411.
2.2.2 UE-UE shadow fading

- Method 1
For UE-UE link, a very simple shadow fading model can be found in [6]. This model essentially assumes that environment/scatterers around one UE is not overlapped with the scatterers around the other UE. Therefore, the two shadow fading can be assumed totally un-correlated and the standard deviation of the combined shadowing is the root-square of the summation of the variance at each end. The resultant is 12 dB.
- Method 2
Shadowing fading is often dominated by the scatterers near a UE. A more refined model for UE-UE link would be to take into account of the distance between two UEs, or effectively the distance between the two groups of scatterers of the UEs. When generating a shadow map, the correlation between the shadow fading at two geographical locations is usually modeled as an exponentially decaying function respect to the distance. So intuitively, several distance ranges can be defined, for example in Table 3. When the distance between the UEs is large (> d2), there is no overlapping between the two groups of scatterers of UEs, therefore, the standard deviation of the shadow fading is calculated the similar way as in Method 1. When the two UEs are intermediately close, they share the similar scatterers. Then the total shadow fading can be modeled the same as each UE’s shadowing. When the two UEs are very close to each other and the propagation would not undergo significant reflections/refractions, the standard deviation of the shadow fading can be assumed small, e.g., 3 dB.
Table 3 Shadow fading standard deviation for UE-UE channel

	Distance
	Shadowing
	Explanation
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	Independent shadow fading, 1=2=8.5 dB
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	Similar scatterers for shadow fading, σ is 4 dB for d < 50 m and 6 for d > 50 m
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	σ = 3dB


Proposal 3: To use standard deviation of 12 dB, or more refined distance-dependent model for outdoor UE-UE link.
2.3 Indoor/outdoor scenario
For indoor/outdoor scenario, dual-strip model can be reused, with the similar consideration as in InH, since the antenna height of low power node (LPN) is not very different from that of UE terminal. We list them in Table 4 for the completeness of this contribution. With the spirit of simplifying the scenarios of D2D, indoor/outdoor can be put a lower priority.
	The position relationship between UE1 and UE2
	Pathloss

	in the same building


	PL(dB) = 38.46 + 20*log10R + 0.7d2D,indoor+ 18.3n ((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 UE
In case of a single-floor apt, the last term is not needed


	UE1 in indoor, UE2 in outdoor


	PL(dB) = max(15.3 + 37.6*log10R, 38.46 + 20*log10R) + 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 UE 



	in different buildings


	PL(dB) = max(15.3 + 37.6*log10R, 38.46 + 20*log10R) + 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 UE




Table 4 UE-UE pathloss model for indoor/outdoor scenario
Proposal 4: To reuse dual-strip models for indoor/outdoor UE-UE pathloss model. The priority of indoor/outdoor scenario can be lower.
3. Conclusions
In this contribution we discussed channel models for UE-UE link in D2D study. We suggest:
Proposal 1: For InH scenario, when the distance between D2D users is greater than 4 meters, ITU InH pathloss model is reused. When the distance is within 2 meters, free space propagation model in [3] is reused. When the distance is 2~4 meters, the pathloss curve is obtained by interpolating the free space model and LOS model. 

Proposal 2: For outdoor scenario, UE-UE model of ITU-1411 or the modified model of TDD eIMTA can be used, with slight preference of ITU-1411.

Proposal 3: To use standard deviation of 12 dB, or more refined distance-dependent model for outdoor UE-UE link.
Proposal 4: To reuse dual-strip models for indoor/outdoor UE-UE pathloss model. The priority of indoor/outdoor scenario can be lower.
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