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1. Introduction
Device-to-device (D2D) communication technology is being discussed in 3GPP. In the study on D2D, channel model for UE-UE link is very important in evaluation methodologies, as the simulation results are highly sensitive to the channel models that are chosen. Thus, channel modeling should first be decided in D2D evaluation.

In this contribution, we intend to discuss the modeling methods in order to accurately reflect UE-UE propagation environment. 
2. Problems
3GPP and ITU channel models [1][2] have been widely used for system-level simulation since LTE Release 10. However, neither 3GPP model nor ITU model describes the UE-UE channel model.
3. Simulation Cases
D2D Proximity services can be applied to indoor hot and outdoor scenes. For the evaluation of outdoor D2D communication，we recommend evaluating the performance under the urban macro-cell scene. 
In urban macro-cell scenario[2]，mobile station is located outdoors at street level, while the base station antenna clearly stands above the surrounding building heights. As for propagation conditions, non- or obstructed line-of-sight is a common case, since street level is often reached by a single diffraction over the rooftop. A hexagonal network topology is adopted in the urban macro-cell scenario. The simulation will be a wrap-around configuration of 19 sites, each having 3 cells. Relevant parameters are shown in Table A.
4. UE-UE channel model
4.1 UE-UE path loss
Two models are described in this contribution for calculating the path loss between two UEs in urban macro environments. They both include LOS and NLOS regions, and between them there is a transition region in addition.
It is assumed that LOS is dominant when the distance is within 50 m, and the transition region extends 20 m in length. 
· Path loss model 1
Based on description in [3], an accuracy and authenticity improved model in this contribution is shown as:
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     (1)
The propagation model employed in NLOS condition is the outdoor macro model based on the Xia formula described in [4]. The propagation model employed in LOS condition is the free space loss model. The transition zone ([image: image4.png]S0m<R<70m



) helps to smooth out the abrupt change from LOS to NLOS conditions.

· Path loss model 2
Another model between two terminals with low height of path loss is quoted from [5] as:
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        (2)
Two models above are shown in figure 1:
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Figure 1 UE-UE path loss models
It is observed that the trends of path loss are significant between LOS and NLOS regions, and there is a noticeable jump in the transition region. 
4.2 UE-UE shadow fading
Depending on the different distance R, shadow fading for UE-UE link is given as follows.
· [image: image10.png]R >d,



 
In the UE1- UE2 link, large obstacles appear around both UE1 and UE2. SF1 and SF2 are the shadow fading of UE1 and UE2. When[image: image12.png]


, UE1 and UE2 should be considered far enough away and SF1 and SF2 come from different large obstacles. Shadow fading for UE1- UE2 link, denoted as SF, can be modeled as
[image: image14.png]
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Both SF1 and SF2 are Gaussian random variables with zero mean and standard deviation[image: image16.png]


. Here, σ is defined as follows:
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　　　　　　  　　　　　　　　(4)
· [image: image20.png]d; =R =d,




In the UE1- UE2 link, SF1 and SF2 are the shadow fading of UE1 and UE2, and both SF1 and SF2 stem from the same obstacles. Shadow fading for UE1 - UE2 link is denoted as SF:
[image: image22.png]
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Both SF1 and SF2 are Gaussian random variables with zero mean and Standard deviation [image: image24.png]


 defined in the formula (4).
· [image: image26.png]R < d,




When [image: image28.png]R<d,



, the distance between UE1 and UE2 would be small enough that no large obstacles would stand in between UE1 and UE2，but small obstacles may exist between them. Shadow fading SF for UE1- UE2 link obeys Gauss distribution:
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,  [image: image32.png]
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5. Conclusion
In this contribution, we discussed channel modeling method for UE-UE link. Based on the above discussion, we suggest:
Proposal 1: It is proposed to use ITU urban macro-cell scenario in the assessment of outdoor D2D performance.
Proposal 2: In urban macro-cell scenario, we propose to choose one from the path loss model discussed in this contribution.
Proposal 3: In urban macro-cell scenario, we propose to use the shadow fading model discussed in this contribution.
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7. Appendix
Table A: parameters in urban macro-cell Scenario
	Deployment scenario for the evaluation process
	Urban macro-cell

	Channel model
	Urban macro model (UMa)

	Layout
	Hexagonal grid

	Bandwidth
	10MHz

	Base station (BS) antenna height
	25 m, above rooftop

	User terminal (UT) antenna height
	1.5m

	Total BS transmit power
	46 dBm 

	User terminal (UT) power class
	24 dBm

	Minimum distance between UT and serving cell
	>= 25 m

	Carrier frequency (CF) for evaluation (representative of IMT bands)
	2 GHz

	Outdoor to indoor building penetration loss
	N.A.

	Outdoor to in-car penetration loss
	9 dB (LN, 
σ = 5 dB)

	Inter-site distance
	500 m

	User distribution
	Randomly and uniformly distributed over area. 100% of users outdoors in vehicles

	Antenna pattern
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