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1
Introduction
The study item, “Study on LTE Device to Device Proximity Services” was approved at RAN#58 [1]. In line with the study item description [1], this contribution defines channel models for D2D discovery and direct communication. 

For channel model design, the main difference between D2D and regular cellular transmission is the antenna heights of the transceiver. For D2D discovery and direct communication between UEs, the antenna heights of both the transmitter and the receiver would be lowered to the typical UE antenna height (1.5m). Therefore, this feature should be reflected in modeling of the D2D channel.

2
Large-scale Propagation Parameters
D2D UEs involved in D2D discovery or D2D direct communication could be located outside a building or inside a building. Thus D2D propagation environment can be categorized into three scenarios; outdoor-to-outdoor (O2O), outdoor-to-indoor (O2I), and indoor-to-indoor (I2I). 

2.1
Path-loss models
Various candidates for D2D path-loss model have been discussed in our previous documents [2] and [3]. Based on the results in there, we propose that the following would be a good candidate for D2D path loss model in each scenario.
Proposal 1: The D2D path-loss models are as follows:
	Environment
	Path-loss model
	Note

	Outdoor-to-Outdoor
	ITU-R P.1411.6
	· It is based on actual measurement results in urban outdoor environment.
· It supports flexible frequency range (i.e., 300MHz – 3GHz)

	Outdoor-to-Indoor
	Dual strip model
	· It has been already used in the LTE-A evaluation.
· It supports various indoor scenarios: outside the building, within the same building, within different building.

	Indoor-to-Indoor
	
	


2.2
LOS Probability
LOS probability is affected by the propagation environment between the TX and RX such as antenna heights, presence of obstacles, distance, etc. Regarding the lower antenna heights of D2D UEs, it is expected that LOS probability will decrease. Thus existing LOS probabilities defined for eNB-to-UE environment cannot be directly applied to D2D environment. 
Proposal 2: LOS probabilities for D2D are as follows:
	Environment
	LOS probability
	Note

	Outdoor-to-Outdoor
	Same as one defined in ITU-R P.1411.6
	· It is based on actual measurement results in urban outdoor environment.
· The required location percentage, p (%) can be understood as LOS probability.

	Outdoor-to-Indoor
	Same as one defined for dual-strip model
	· Due to the lower antenna heights, NLOS propagation would be dominant in O2I and I2I scenarios.
· LOS probabilities of O2I and I2I in dual-strip model need not be considered due to severe penetration loss (walls and floors).

	Indoor-to-Indoor
	
	


2.3
Shadowing
The shadowing is caused by a large obstruction obscuring the main signal path between the TX and RX. This shadowing effect is usually modeled as lognormal distribution with zero mean and standard deviation (σ). Due to the lower antenna heights, the standard deviation of shadowing may increase. On the other hand, shadowing correlation should be considered for the D2D channel model. Independent shadowing can be assumed as a starting point.
Proposal 3: Shadowing standard deviations of each D2D scenario are as follows:
	  Environment
	Standard deviation
	Note

	Outdoor-to-Outdoor
	σ = 12dB
	· Shadowing standard deviation will increase compared to the values used in existing eNB-to-UE models (typically, 6dB ~ 8dB).
· In TR 36.828, 12dB of standard deviation is already used between UEs.

	Outdoor-to-Indoor
	σ = 4dB
	· TR 36.828 defines that shadowing standard deviation is 4dB for dual strip model in both O2I and I2I.

	Indoor-to-Indoor
	
	


Proposal 4: In D2D scenarios, uncorrelated shadowing can be assumed as a starting point.
3   Small-scale Fading Parameters
3.1
Multi-path fading

Signal propagation suffers from multi-path fading due to the combination of randomly delayed signal components caused by reflection, scattering and diffraction. It has been usually assumed that the eNBs are located above rooftop, e.g., top of a building and the UEs are on the street level. Thus, AoD at the eNB side has smaller angle spread than AoA at the UE side in order to reflect the different scattering environments. However, since the antennas of D2D UEs can be located in the same heights, statistical properties of AoD and AoA may be symmetric. Therefore same statistic can be used for both AoD and AoA. On the other hand, other parameters related to multi-path fading used for LTE-A study can be reused for D2D.
Proposal 5: Statistical properties of AoD and AoA can be replaced by existing parameters for AoA at the UE side.
3.2
Doppler Spread
Unlike traditional cellular systems for the eNB-to-UE, both the transmitter and receiver UEs in D2D scenarios can have mobility.tThis feature should be reflected for the modeling of the Doppler spread in D2D channel. 

Proposal 6: For D2D channel, Doppler spread should be further studied.
4   Conclusion
This document has discussed the path-loss model, shadowing, and small-scale fading for D2D channel model. The following are our proposals:
· For path-loss and shadowing standard deviation,

	Environment
	Path-loss model
	Standard deviation

	Outdoor-to-Outdoor
	ITU-R P.1411.6
	σ = 12dB

	Outdoor-to-Indoor
	Dual strip model
	σ = 7dB

	Indoor-to-Indoor
	
	σ = 4dB


· In D2D scenarios, uncorrelated shadowing can be assumed as a starting point.
· Statistical properties of AoD and AoA can be replaced by existing parameters for AoA at the UE side.
· For D2D channel, Doppler spread should be further studied.
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