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1. Introduction
During RAN#58 meeting, a new study item “LTE Device to Device Proximity Services” was approved which includes discovery and direct communication. The definitions are described as [1]: 
· ProSe Discovery: a process that identifies that a UE is in proximity of another, using E-UTRA. 

· ProSe Communication: a communication between two Ues in proximity by means of a communication path established between the Ues.

The proximal device discovery relevant performance metrics such as coverage range, power consumption and signaling overhead will be directly related to the quality of user experience; therefore, the performance evaluation for D2D discovery is of great significance to the ProSe discussion. This contribution discusses about D2D discovery evaluation methodologies for LTE-Advanced. 
2. Evaluation methodology for D2D discovery
2.1 Scenarios and deployment
D2D ProSe could be realized within or without LTE network coverage, and in both cases the detection signals are used by UEs for D2D proximity direct discovery without position information. As shown in figure 1a/1b, UEs transmit beacon for announcing their existing and detect beacons for discovering proximal devices with or without network-assisted. 
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Figure 1a: D2D direct discovery within network coverage

[image: image2.emf]Beacon 


Figure 1b: D2D direct discovery without network coverage
For use cases of D2D discovery within or without network coverage, simplicity, UEs are uniform distributed under proposed evaluation deployed environment. Only one of these UEs works as a beacon detector(red)  which is fixed at the center position, and the others are beacon transmitters(blue) around the detector UE as figure 2 shows. 
It is assumed in this contribution that the radio resources for D2D beacon and macro signal transmission are orthogonal for initial evaluation version.  Under this assumption, the distributions of eNBs or macro UEs do not affect the performance of D2D direct discovery, there is no macro node deployed in proposed evaluation environment. And the overhead for avoiding signal conflict is described in chapter 2.3.
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Figure 2: detector and transmitter UEs distribution
The target ranges of D2D discovery are various for different requirements such as indoor data sharing or cry for help, or a D2D UE works in a power-saving mode. Therefore it is proposed that the D2D direct discovery target range is divided into three levels: near(e.g. indoor), middle(e.g. urban), and far(e.g. suburban). And it could be implemented by initial power allocation for beacon transmission under relevant three levels e.g. -20 dBm, 10 dBm and 23 dBm.
Proposal 1: the target range for D2D direct discovery is divided into three levels: near, middle, and far. And it is implemented by initial power allocation for beacon transmission.
2.2 UE-UE Path loss
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 in figure 3 as equation:
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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. 
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Figure 3: UE-UE path loss
2.3 Performance metrics

Performance metrics such as overhead, efficiency, coverage range, and power consumption of LTE D2D direct discovery are discussed in this contribution.
· Overhead 
It is assumed that D2D direct discovery performs periodically and length of one period denoted as [image: image8.png]


 ms. There are [image: image10.png]


 occasions in a period for beacon transmission or detection by UEs. One beacon occasion occupies [image: image12.png]


 ms in the time domain and [image: image14.png]


 Hz in the frequency domain. Then we can calculate the ratio of overhead [image: image16.png]


 during a period with a BW Hz system bandwidth: 
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· Efficiency

If the number of transmitter UEs which are discovered by detector UE is[image: image19.png]N, during a period



, then the efficiency of D2D direct discovery [image: image21.png]


 is defined as:
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· Coverage range
As proposed in chapter 2.1 this contribution, the target range for D2D direct discovery is divided into three levels: near, middle, and far. Therefore we also propose that the D2D discovery coverage range evaluation should be completed separately for target range levels with relevant initial power allocation. 
· Power consumption 
During a D2D direct discovery process, the power consumption is mainly caused by beacon transmission and detection. If a UE transmitted beacons in [image: image24.png]


 occasions and detected beacons in [image: image26.png]


 occasions in one period, the power consumption of this UE can be calculated as:
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The power consumption for beacon transmission and detection are separated denoted as [image: image30.png]


 mW and [image: image32.png]Pa



 mW.  In addition, the power consumption per successful discovered UE could be described as:
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Proposal 2:  the key performance metrics such as overhead, efficiency, coverage range, and power consumption of LTE D2D direct discovery should be evaluated.
3. Conclusions
The proximal device discovery relevant performance metrics will be directly related to the quality of user experience. This contribution made a discussion about D2D discovery evaluation methodologies for LTE-Advanced with proposals as:
Proposal 1: the target range for D2D direct discovery is divided into three levels: near, middle, and far. And it is implemented by initial power allocation for beacon transmission.
Proposal 2:  the key performance metrics such as overhead, efficiency, coverage range, and power consumption of LTE D2D direct discovery should be evaluated.
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