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1. Introduction
During RAN#58 meeting in Dec 4, 2012, the requirement about D2D Proximity services is involved explicitly, 
· Channel model / eval. Method

· Discovery

· Communication

This contribution proposes evaluation methodology and assumptions for D2D Communication.
2. D2D Communication evaluation scenario
Four test environments were defined in [1], which are including indoor, microcellular, base coverage urban, high speed. And they correspond to InH scenario, UMi scenario, UMa scenario and RMa scenario separately. The scenarios are used in various LTE-Advanced evaluation scenarios.
In this contribution we study D2D Communication simulation methodology in UMa scenario, which is within network coverage, and it needs further research in the simulation methodology outside network coverage.
3. D2D Communication simulation assumptions
3.1 Network layout and UE deployment
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Figure 1: D2D Communication simulation network layout
The network layout in D2D Communication simulation is showed in Figure 1. The red point indicates the position of base station, and the base station has directional antenna pattern. The network layout is wrap-around.
Cellular UE and D2D UE are distributed in the network. Considering the influence the distance between paired users brings to the data transfer performance, we use random D2D pairing method and close distance D2D pairing method separately.
For the random D2D pairing method, N users are randomly dropped in each sector. Assuming the D2D UE probability P, we select N*P UEs randomly as D2D UEs, then D2D UEs are one-on-one randomly paired.
For the close distance D2D pairing method, N users are randomly dropped, then we select N*P UEs randomly as source UEs of D2D pairs. Assuming the maximum distance R between pairs, we select the destination UEs around D2D transmitting UEs according to their distances.
For the hotspots with micro base station, we consider non-uniform UE deployment. Around the micro base station, Cellular UE and D2D UE are dropped according to their distances, and we also use both random D2D pairing method and close distance D2D pairing method.
3.2 UE-UE Channel Model
For urban macro environments, it is assumed that UE-UE LOS radius equals to 50 m, and the transition region spreads 20 m length for corner environment. Based on description in [2], 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 [3]. The propagation model employed in LOS condition is the free space loss model. Figure 2 shows the UE-UE path loss:
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Figure 2: UE-UE path loss
Depending on the different distance R, shadow fading for UE-UE link is given as follows.
· [image: image6.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: image8.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 is denoted as SF:
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Both SF1 and SF2 are Gaussian random variables with zero mean and standard deviation[image: image12.png]


. Here, σ is defined as follows:
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　　　　　　         　　　　　　　　(3)
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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:
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Both SF1 and SF2 are Gaussian random variables with zero mean and Standard deviation [image: image20.png]


 defined in the formula (3).
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When [image: image24.png]R<d,



, we believe that the distance between UE1 and UE2 is not enough big, so that there is no large obstacles 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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                                  (5)
3.3 Power control
We consider power control of D2D UE in uplink and downlink. For the uplink, the D2D UE power control is the same with Cellular UE power control, and it contains open loop power control and closed loop power control. For the downlink, taking into account the strong interference of the base station to the user, D2D UE can launch with full power mode and power control mode. It needs to choose the transmission mode by weighing the spectral efficiency performance against the user's energy consumption.
3.4 Performance Metric
In addition to the spectral efficiency and edge spectral efficiency, it is necessary to evaluate the users’ energy consumption, e.g., D2D user’s transmitting power, and then combine with the user's spectrum efficiency to calculate the energy consumed by the user to transfer every bit of data, units of J/bit. Then convert it to a dB value.
3.5 The resource reuse methods between Cellular and D2D
Cellular and D2D transmission share bandwidth resources in the same sector. There are four resource reusing methods to evaluate interference and performance of Cellular UE and D2D UE.
Method 1: fully reuse bandwidth resources between Cellular and D2D, and fully reuse bandwidth resources between D2D users.

Method 2: fully reuse bandwidth resources between Cellular and D2D, while the resources between D2D users are orthogonal.

Method 3: the resources between Cellular and D2D are orthogonal, and the resources between D2D users are orthogonal.

Method 4: the resources between Cellular and D2D are orthogonal, while fully reuse D2D resources between D2D users.
4. Conclusions
In this contribution we introduced D2D Communication evaluation methodology within network coverage, and large scale system level simulation assumptions,
· Cellular uses and D2D users are dropped uniformly in sector, and both random D2D pairing method and close distance D2D pairing method can be considered. For the hotspots with micro base station, non-uniform UE deployment can also be evaluated.
· For the downlink, D2D UE can launch with full power mode and power control mode.
· To evaluate user's energy consumption, e.g., the energy consumed by the user in order to transfer each bit of data.
· To evaluate interference and performance of Cellular UE and D2D UE in four resource reuse methods.
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Appendix
Table A1: Parameters in D2D Communication simulation
	Parameter
	Assumption/Value

	Network layout
	7, 19 macro cell sites, 3 sectors per site, wrap-around

	Inter-site distance
	500m

	Macro-UE path loss
	[1]TABLE A1-2

	Macro-UE Shadowing standard deviation
	4dB for LOS link, 6dB for NLOS link

	Correlation distance of Shadowing
	50m

	Macro-UE penetration loss
	[1] TABLE 8-2

	UE deployment
	20UEs per sector uniformly, and non-uniform distribution for the hotspot

	Carrier frequency
	2GHz

	Bandwidth
	10MHz

	Link direction
	Downlink and Uplink

	Minimum distance between UE and Macro
	25m

	Minimum distance between UEs
	1m

	Maximum distance between paired users in the close distance D2D pairing method
	20m, 50m

	Thermal noise density
	-174dBm/Hz

	Antenna pattern (horizontal)
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 = 70 degrees, Am = 20 dB  (70 degree horizontal beamwidth)

	Antenna pattern (vertical)
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	Combining method in 3D antenna pattern
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	Base station(BS) antenna height
	25m

	UE antenna height
	1.5m

	Total BS TX power
	46dBm

	UE power class
	24dBm

	Macro antenna gain
	17dBi

	UE antenna gain
	0dBi

	UE speed
	3km/h

	BS noise figure
	5dB

	UE noise figure
	7dB
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