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1. Introduction
At the RAN#58 meeting, a new SI on LTE device-to-device proximity services (ProSe) was approved [1]. At the RAN1#72bis meeting, the following agreements were made.
· Draft TR Skelton was agreed

· Deployment scenarios for general and public safety scenarios were agreed

· Performance metrics for discovery and communications were agreed
Based on the agreed deployment scenario and performance metrics, this contribution presents our initial system level evaluation results for D2D discovery. Our general views on D2D proximity services are presented in [2]. Our main interest is non-public-safety discovery. The simulation results presented in this contribution focus on the evaluation of D2D discovery in a general scenario.

2. Simulation Assumptions

We evaluate D2D discovery performance based on system-level simulations. Table I shows the simulation assumptions. Most of the simulation assumptions are aligned with the agreements made at the last meeting. We assume deployment layout option 3 (Urban macro -- all UEs outdoors) for the initial evaluation. Since there are still items related to the D2D channel models that are FFS, we assume the path-loss model, LOS probability, and shadowing in the outdoor-to-outdoor case in [3]. We assume all eNodeBs are synchronized in the initial evaluation.
Table I. Simulation Assumptions

	Layout
	Hexagonal grid, 3 sectors per site with 19/7 Macro site wrap around

Option 3 (Urban macro (500 m ISD) -- all UEs outdoor)

	Carrier Freq.
	2 GHz

	System bandwidth
	10 MHz, FDD UL

	Network operation
	In NW coverage

	Network synchronization
	All eNodeBs are synchronized

	UE RF parameters
	Tx power of  23 dBm, 1 Tx/ 2 Rx antennas,  Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs for discovery per sector
	For D2D link coupling loss & SNR distribution:

50 UEs for 7 sites and 25 UEs for 19 sites 

For D2D discovery performance:

100 UEs for 7 sites 

	UE drop for D2D UEs, for discovery
	Uniform drop per sector

	Path loss model
	ITU-1411-6 LOS and NLOS , p = 50, PLurban = 6.8 dB for urban

	Probability of LOS
	ITU-R IMT UMi

	Shadowing
	7 dB log-normal 


3. Evaluation Results

In the following context, the coupling loss and wideband SNR distributions of D2D links are presented for calibration. Initial simulation results including D2D discovery probability vs. path loss & distance are presented next, and some observations are discussed based on the simulation results.

3.1. D2D Link Coupling Loss & SNR Distribution

Figure 1 shows the CDF of D2D link coupling loss (left) and the CDF of wideband SNR (right) of D2D links. D2D UEs are uniformly dropped and D2D links are randomly chosen between D2D UEs to calculate the CDF of the coupling loss and wideband SNR. The results of four scenarios are shown: 19 site deployment layout, 7 site deployment layout, D2D range limited by 500 m and 300 m. Other simulation assumptions are given in Table 1. 
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(a) D2D link coupling loss distribution                  (b) D2D wideband SNR distribution

Figure 1 - D2D link coupling loss & wideband SNR distribution
3.2. D2D Discovery Performance
In this section, we present some initial system-level simulation results on the probability of discovery vs. D2D path loss and distance. The results are generated assuming a 7 macro site wrap around deployment layout with 100 D2D UEs for discovery per sector. Other simulation assumptions are given in Table 1. 
Assumptions on discovery resources
Before presenting the performance evaluation, we illustrate our assumptions on discovery resources. As shown in Fig. 2, we assume that K sub-frames are allocated as discovery resources for all the UEs every T sub-frame, and in each sub-frame there are N RBs bandwidth subcarriers allocated. 

We assume that a discovery resource for a single UE to send a discovery signal occupies 180 kHz and 14 symbols (2 RBs in a sub-frame). Therefore, there are K×N discovery resources every T sub-frame. This assumption can be categorized into one of the fully UE based approaches in our accompanying contribution [4]. Furthermore, we assume that the discovery signal is QPSK modulated and has a 0.59 code rate (turbo code), which has about a 3-dB decoding threshold.
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Figure 2 -  Assumptions on D2D discovery resources 
Assumptions on UEs to select discovery resources
In the initial investigation, we make a simple assumption: Each UE randomly selects a discovery resource among the discovery resources for all the UEs to send a discovery signal in each period, T, and listens when it does not transmit (half duplex is assumed).
Simulation results
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Figure 3 - Probability of discovery vs. D2D path loss & path loss + shadowing  (simulation results after 4×T sub-frames interval)
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Figure 4 - Probability of discovery vs. D2D distance (simulation results after 4×T sub-frames interval)
In Figs. 3 and 4, the results of the probability of discovery vs. path loss, path loss + shadowing & distance with different parameters for the discovery resources are shown. The results of each curve in Figs. 3 & 4 are the simulation results after 4×T sub-frame intervals. In the simulation, we arbitrarily set T = 1000 (1 second), N = 10, and vary the value of K among the set of {8, 16, 32, 64} to see the impact of the number of discovery resources on the discovery probability. 

We observed that the probability of discovery declines significantly as the discovery resources become limited (when K = 8, 16). In this case, there will be a higher probability that multiple D2D UEs select the same discovery resource. The interference among discovery signals could be severe and in turn decrease the probability of discovery. The probability of discovery will be much improved as the number of discovery resources increases with respect to the number of UEs (when K = 32, 64). However, more radio resources would be consumed for D2D discovery. From these results, we observe that the discovery performance degrades due to the lack of coordination for selecting discovery resources, especially for the case of a limited amount of resources with respect to the number of UEs. Such coordination may be provided by certain NW support as we discuss in [4].

As stated above, the following observations are made from the simulation results.
Observation 1: Interference among discovery signals will degrade the discovery performance when D2D discovery resources are limited  

Observation 2: The allocation of D2D discovery resources should be carefully studied to achieve balance between discovery performance and radio resource consumption

Observation 3: A NW based approach can reduce the interference among discovery signals

4. Conclusion

In this contribution we presented our initial system-level evaluation results for D2D discovery. Based on the simulation results, we made the following observations.
Observation 1: Interference among discovery signals will degrade the discovery performance when D2D discovery resources are limited  

Observation 2: The allocation of D2D discovery resources should be carefully studied to achieve balance between discovery performance and radio resource consumption

Observation 3: A NW based approach can reduce the interference among discovery signals
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