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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#73 meeting, some further agreements were made on the D2D channel model and evaluation methodology. 

Our initial system level simulation results were presented in [2]. In this contribution, the system level simulation results are updated according to the agreements after the last meeting. The simulation results presented in this contribution focus on the evaluation of D2D discovery in a general scenario.
2. Simulation Assumptions
We evaluate the D2D discovery performance by utilizing a system-level simulation. Table I gives the simulation assumptions for the deployment scenario, and Table II gives the simulation assumptions for the channel model. Most of the simulation assumptions correspond with those in [3] and the agreements made at the last meeting. In this contribution, we show the system level simulation results with deployment layout Option 1. We assume that all eNodeBs are synchronized for the initial evaluation purpose.
Table I. Simulation Assumptions for Deployment Scenario
	Layout
	Hexagonal grid, 3 sectors per site with 7 macro-site wrap around
Option 1 (Urban macro (500 m ISD) + 1 RRH/Indoor Hotzone per cell)

	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
	150 UEs

	UE drop for D2D UEs, for discovery
	Option 1: As described in TR 36.843 v0.1.0
· 2/3 of UEs randomly and uniformly dropped in the hotzone

· Remaining 1/3 of UEs randomly and uniformly dropped throughout the macro geographical area

· 20% of UEs are outdoors and 80% of UEs are indoors


Table II. Simulation Assumptions for Channel Model 
	
	O2O
	O2I
	I2I

	Path loss model
	As offline discussion [73-10a]
	As offline discussion [73-10a]
	InH [4] 

	Probability of LOS
	Winner II
	N/A
	ITU-R IMT UMi 

	Shadowing
	LOS: 3 dB lognormal

NLOS: 4 dB lognormal
	7 dB lognormal
	7 dB lognormal


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 and the number of UEs discovered are presented next, and observations are discussed based on the simulation results.
3.1. D2D link coupling loss & SNR distribution

Figure 1 shows the CDF of the D2D link coupling loss (left) and the CDF of the wideband SNR (right) of the D2D links. D2D links are randomly chosen between D2D UEs to calculate the CDF of the coupling loss and wideband SNR. The results of D2D links with path loss of less than 190 dB are shown. Other simulation assumptions are given in Table I and II. 
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Figure 1 - D2D link coupling loss & wideband SNR distribution
3.2. D2D discovery performance
In this section, we present our system-level simulation results on the probability of discovery and the number of UEs discovered. The presented results are generated with the simulation assumptions as given in Table I and II. The same assumptions on discovery resources and UEs to select discovery resources as in [2] are used and are introduced below. 
3.2.1 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-frames, and there are N PRB pairs available for discovery resources in each sub-frame. 
We assume that a discovery resource for a single UE to send a discovery signal occupies 180 kHz and 14 symbols (2RBs in a sub-frame). Therefore, there are K×N discovery resources every T sub-frames. This assumption can be categorized into one of the fully UE based approaches in our contribution [5]. Furthermore, we assume that the discovery signal is QPSK modulated and has a 0.59 code rate (turbo code), which has a decoding threshold of approximately 3 dB.
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Figure 2 - Assumptions for D2D discovery resources 
3.2.2 Assumptions for UEs to select discovery resources
For the initial investigation, a simple assumption is made that each UE randomly selects a discovery resource among the discovery resources for all the UEs to send the discovery signal in each period T, and listens when it does not transmit (half duplex as agreed in the last meeting).
3.2.3 Simulation results

In Fig. 3, the results of the probability of discovery vs. D2D path loss with different parameters for the discovery resources are shown. The results of each curve in Fig. 3 are the simulation results after the interval of 3×T sub-frames. In the simulation, we arbitrarily set T = 1000 (1 s), N = 50, and varied the value of K among {4, 8, 16, and 32} to see the impact of the number of discovery resources on the discovery probability. 

[image: image3]
Figure 3 - Probability of discovery vs. D2D path loss (simulation results after 3×T sub-frames interval)
We observed that the probability of discovery decrease as the amount of discovery resources becomes limited (when K = 4, 8). The probability of discovery is improved as the amount of discovery resources becomes plentiful with respect to the number of UEs (when K = 16, 32). The reason for this may be that the interference among discovery signals due to the collision could be severe when the resources are limited, and in turn decreases the probability of discovery. The performance could be improved if more resources are assigned for D2D discovery, but more radio resources would be consumed. In addition, 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. 
As a result, we make the same observations as those in [2], 

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 the discovery performance and radio resource consumption.
Observation 3: A NW based approach can reduce the interference among discovery signals.
As there are both indoor and outdoor UEs deployed with Option 1, the performance levels of indoor and outdoor UEs for D2D discovery are also compared. In Fig. 4, the discovery probability vs. path loss and the CDF of the number of UEs discovered after 1 T are shown considering all UEs, indoor UEs, or outdoor UEs as the devices for discovery. 
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Figure 4 - Probability of discovery vs. D2D path loss and CDF of number of UEs discovered considering all UEs, indoor UEs or outdoor UEs as the device for discovery
From Fig. 4(a), we observe that there is clear performance loss for indoor UEs when the path loss is relatively low, and for outdoor UEs when the path loss is relatively high. The reason for this is the interference among discovery signals due to densely deployed indoor UEs. In deployment layout Option 1, indoor UEs are densely deployed within hotzones (buildings), and thus there will be severe interference among discovery signals from indoor UEs in the same building. As the path loss among indoor UEs in the same building is relatively low, a clear performance loss for indoor UEs is observed in the lower path loss region. For the same reason, as the path loss among outdoor UEs to the indoor UEs is relatively large, a performance loss for outdoor UEs can be observed in the higher path loss region.
Furthermore, due to the setting of the deployment scenario, for each indoor UE in a building, there will be greater than 100 indoor UEs in the same building and some outdoor UEs near the building that can be discovered. However, for each outdoor UE, there would be multiple buildings around it, and there are indoor UEs in multiple buildings that can be discovered. Therefore, we observe that more UEs can be discovered by outdoor UEs in Fig. 4(b).
Observation 4: Due to the interference among discovery signals from densely deployed hotspot indoor UEs, the performance degrades for both indoor & outdoor UEs 

Observation 5: Outdoor UEs detect more UEs since they can discover indoor UEs from multiple hotspots
4. Conclusion

In this contribution we presented our system-level 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 the discovery performance and radio resource consumption.
Observation 3: A NW based approach can reduce the interference among discovery signals.
Observation 4: Due to the interference among discovery signals from densely deployed hotspot indoor UEs, the performance degrades for both indoor & outdoor UEs.
Observation 5: Outdoor UEs detect more UEs since they can discover indoor UEs from multiple hotspots.
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