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1. Introduction

At the meeting RAN#58, the work item “Study on LTE Device to Device Proximity Services” was approved. As agreed during RAN#58, channel model and evaluation methodology will be studied only during RAN1 #72.
This paper discussed the system level evaluation methodology for LTE device to device communications. We also refer WiFi as a preliminary example as benchmark for LTE device to device communications.
2. Evaluation methodology and simulation results
Table 1 illustrates the simulation parameters for system level simulation. This table includes area, number of direct link pairs, velocity, antenna configuration, allowable distance for one WiFi direct pair and antenna height. These parameters deserve our investigation and included in our system level simulation methodology.  The only concern would be on allowable distance for a WiFi direct pair. This limits the transmission range for the range of device to device communication. Some discussion is necessary to relax this parameter.
Table 1：Simulation Parameters for System Level Simulation.
	Parameters
	Value

	Protocol
	802.11g

	Payload Size
	8192 bits, 18432 bits

	Area
	100 x 100m2

	Number of WiFi Direct Pairs
	1, 5, 10, 50, 100, 130

	Center Frequency
	2 GHz

	Channel Model
	3GPP Spatial Channel Model under Urban Micro

	Velocity
	10 m/s

	Antenna configuration
	1Tx-1Rx

	Allowable Distance for one WiFi direct pair
	20m

	Antenna Height
	1.5m


Proposal 1: Area, number of device to device communication pair, velocity, antenna configuration, antenna height should be included into 3GPP D2D system level simulation.
Proposal 2: Maximum achievable distance for device to device communication pair should be investigated assuming this constraint is required.
Table 2 and Figure 1 illustrate the performance of WiFi direct. The spectrum efficiency increase with number of pairs except for 130 pairs. When the number of pairs reaches 130, the performance decreases due to collision. We could expect, 100 pairs per 100x100m2 might be the performance limit for WiFi protocol. When we design LTE direct to direct communication, we should consider how to maintain the performance for this high device density scenario.
Table 2: Spectrum efficiency v.s. Number Pairs over 100x100m2 area.
	Number of pairs
	Spectrum Efficiency (bit/s/Hz)
	Spectrum Efficiency(bit/s/Hz), Payload Size=18432 bits 

	1
	0.54
	0.98

	5
	1.16
	1.77

	10
	1.27
	1.69

	50
	1.53
	2.18

	100
	1.55
	2.08

	130
	1.34
	1.77
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Figure 1: Spectrum efficiency with payload sizes 8192bits and 18432 bits v.s. Number Pairs over 100x100m2 area.
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Figure 2：The location of WiFi direct pairs vs. various numbers of WiFi direct pairs.
Observation 1: The performance of WiFi direct links faces spectrum efficiency decrease when the number of the direct links is more than 100 under 100 x 100m2 area.
Observation 2: The performance of WiFi direct links varies with location of WiFi direct link pair when the number of the direct link pair is small. The performance variation could be foreseen for LTE device to device communications.
Observation 3: The performance of WiFi deliver up to 2.2 bits/sec/Hz in 100 pairs under 100x100 m2.
· Proposal 3: We shall align the device position generation methodology for LTE device to device communications.
· Proposal 4: The performance of LTE device to device communications shall deliver more than 2.2 bits/sec/Hz under 100x100m2 area.
3. Conclusions

This paper applies WiFi as an example to evaluate the performance device to device communication. The spectrum efficiency does not increase with the number of WiFi direction communication pairs but decrease as the number is 130. The performance of device to device communication shall consider how to maintain the spectrum efficiency not to decrease as the number is too large.
Proposal Observations:
· Observation 1: The performance of WiFi direct links faces spectrum efficiency decrease when the number of the direct links is more than 100 under 100m x 100m area.
· Observation 2: The  performance of WiFi direct links varies with location of WiFi direct link pair when the number of the direct link pair are small. The performance variation could be foreseen  for LTE device to device communications.
· Observation 3: The performance of WiFi deliver up to 2.2 bits/sec/Hz in 100 pairs under 100x100 m2.
We also consider couple parameters to evaluate the performance. We suggest 3GPP D2D evaluation methodology should consider following parameters.
Proposals:
· Proposal 1: Area, number of device to device communication pair, velocity, antenna configuration, antenna height should be included into 3GPP D2D system level simulation.
· Proposal 2: maximum achievable distance for device to device communication pair should be investigated assuming this constraint is required.
· Proposal 3: We shall align the device position generation methodology for LTE device to device communications.
· Proposal 4: The performance of LTE device to device communications shall deliver more than 2.2 bits/sec/Hz under 100x100m2 area.
