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At the meeting RAN#58, the work item “Study on LTE Device to Device Proximity Services” was approved.   The scope in the TR 22.803 [1] includes both commercial use cases and public safety use cases.    The concluded observations of Study on LTE Device to Device Proximity Service in RAN1#72 are shown as follows:
· Encourage companies to the next meeting 
· to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs
· to try to provide a possibility to reuse existing 3GPP deployment scenarios
In this contribution we present the receiver Signal to Interference plus Noise Ratio (SINR) cumulative distribution function (CDF) assuming that the presence of UE are in Uniform, Gaussian and Manhattan distribution corresponding to different scenarios.  Considering the general 3GPP communication configurations and AWGN channel we perform simulation emulating suburban area, urban area and city environments.  In the simulations we apply UMTS path loss model [2], different user density configurations and 2 sets of D2D communication range uniformly distributed between [1m, 50m] and [1m, 100m].  The results provide reference while considering performance requirement and suggest ensuring the radio resource for Public Safety service.
Evaluation Configuration
Based on the Link Budget evaluation methodology in [2] we further consider D2D receiver SINR level in the AWGN environment.  All possible mutual interference effects among D2D communications are considered.
System Environment Parameters
The system environment parameters are shown in Table 1.    
Table 1.  System Environment Parameters
	Parameter
	Value

	Carrier Frequency
	2.4GHz (Band 40, 2.3~2.4GHz)

	Bandwidth
	10MHz

	Body Loss
	3dB

	Fading Margin
	2dB

	Interference Margin
	2dB

	Tx Power
	23 dBm

	Tx Antenna Height
	1.6 meter

	Tx Antenna Gain
	2dBi

	Rx Antenna Height
	1.6 meter

	Rx Antenna Gain
	2dBi

	Dimension
	500m x 500m

	Distribution
	Uniform/ Gaussian / Manhattan 

	D2D communication Distance
	[1m,50m], [1m,100m] uniform distributed

	Number of D2D pairs
	20/50/100/120 


SINR Estimation Methodology
A general estimated Receiver Signal Strength Indication (RSSI) level was provided in [3].  We further estimate the receiver SINR level without considering channel effect, i.e. only AWGN case currently, based on the RSSI level.
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Figure 1.  SINR Estimation Model
Figure 1 shows an example of SINR estimation model.  We consider the RSSI level of desired signal S, interference I and the AWGN noise N.  The receiver SINR level for a D2D receiver i considering AWGN environment is then shown as follow:

SINR Evaluation Results with Different User Distribution Model
In this section we present the receiver SINR CDF assuming that the presence of UE are in Uniform, Gaussian and Manhattan Distribution.  Further assume that the D2D communication distances are uniform distributed between [1m, 50m] and [1m, 100m].  In each simulation [20, 50, 100, 120] D2D pairs corresponding to user density [160, 400, 800, 960] user/km2 are simulated.  Based on Monte-Carlo simulation methods we perform 10000 times simulations with random UE location and acquired the averaged results.
Uniform Distribution 
In this section we present the receiver SINR CDF assuming that UE are Uniform distributed within the area.  Example of such a scenario could be a suburban area, a loose deployed residential district or a shopping center. Figure 2 show the CDF results of simulations.
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Figure 2.  Receiver SINR CDF of Uniform Distribution
(Left: D2D range [1m, 50m]. Right: D2D range [1m, 100m])
Observation 1:	  Over 80% D2D receivers with SINR level under 5dB when there are more than 100 D2D uniform distributed pairs performing communications.
Observation 2:	The influence of mutual interference effect increased due to longer D2D communication range even in low user density environment.

Gaussian Distribution  
In this section we present the receiver SINR CDF assuming that UE are Gaussian distributed [4] within the area.  To imitate a crowded environment we apply parameter [mean, variance] = [0, 0.5] in our simulation.  Figure 3 shows the simulation scenario.  Example of such a scenario could be an urban area, a crowded residential district or a concert.
Figure 4 shows the CDF results of simulations.  In this scenario most D2D users are close to each other within the dimension 300m x 300m.  The user density is then approximate to [440, 1110, 2220, 2660] user/km2 corresponding to [20, 50, 10, 120] D2D pairs configurations.
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Figure 3.  Gaussian Distribution Simulation Scenario (variance=0.5)
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Figure 4.  Receiver SINR CDF of Gaussian distribution
(Left: D2D range [1m, 50m]. Right: D2D range [1m, 100m])

Observation 3:	Over 75% D2D receivers suffer from receiver SINR level under 5dB in a crowded environment even if only 20 pairs D2D users performing communications.
Observation 4:	Over 95% D2D receivers with SINR level under 5dB when there are more than 50 uniform distributed D2D communication pairs in a crowded environment.
Observation 5:	Reduce the number of concurrent D2D communications in a crowded environment can still acquire resource spatial reuse gain.

Manhattan Distribution
In this section we present the receiver SINR CDF assuming that UEs are deployed with Manhattan distribution within the area.  Table 2 shows the configuration as shown in [5] and Figure 5 shows the simulation scenario.  Example of such a scenario could be in a city area.  Figure 6 shows the CDF results of simulations.
Table 2	Parameter values used in simulations related to the Manhattan scenario
	Parameter
	Value

	Block size
	200m × 200m

	Street Width
	30m

	Number of streets
	2 × 2


[image: ]
Figure 5.  Manhattan Distribution Simulation Scenario
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Figure 6.  Receiver SINR CDF of Manhattan Distribution
(Left: D2D range [1m, 50m]. Right: D2D range [1m, 100m])
[bookmark: _GoBack]Observation 6:	 Over 90% D2D receivers with SINR level under 5dB when there are more than 100 uniform distributed D2D communication pairs in a city street scenario.
Conclusions
In this paper we provide receiver SINR CDF considering general 3GPP parameters, different scenarios and user distribution in D2D communications.  The observations are shown as follows:
Observation 1:	  Over 80% D2D receivers with SINR level under 5dB when there are more than 100 D2D uniform distributed pairs performing communications.
Observation 2:	The influence of mutual interference effect increased due to longer D2D communication range even in low user density environment.
Observation 3:	Over 75% D2D receivers suffer from receiver SINR level under 5dB in a crowded environment even if only 20 D2D users performing communications.
Observation 4:	Over 95% D2D receivers with SINR level under 5dB when there are more than 50 uniform distributed D2D communication pairs in a crowded environment.
Observation 5:	Reduce the number of concurrent D2D communications in a crowded environment can still acquire resource spatial reuse gain.
Observation 6:	 Over 90% D2D receivers with SINR level under 5dB when there are more than 100 uniform distributed D2D communication pairs in a city street scenario.
From above observations that D2D communications would suffer low SINR situation, it is suggested to set up a common receiver SINR level as a working assumption for ProSe D2D Discovery and ProSe D2D communications performance evaluation.
Besides it can be found that the effect of mutual interference increased with the D2D user number and the influence is even more severe in a crowded environment.  The PR.125 description in section 6.2 of [1] shows that
[1] - PR.125:  ProSe Communication and ProSe Discovery shall not adversely affect other E-UTRAN services. 
To reduce the influence of D2D communication to existing LTE services and grant Public Safety services with high priority, it is suggested to separate the communication band for Public Safety case and commercial case or to ensure the Public Safety services can always acquire radio resource.  Our proposals are shown as follow:

Proposals:
· Reference SINR requirements for evaluating performance of ProSe D2D Discovery and Communication are needed.
· To separate communication band for Public Safety case and Commercial case to reduce impact to existing services.
· If Public Safety UE shared the same radio resource with the Commercial one, designs to guarantee higher priority for Public Service are required.
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Appendix
RSSI Evaluation Model
In the Link Budget evaluation we consider mainly the Receiver Signal Strength Indication (RSSI) level.  Figure below shows the proposed Link Budget evaluation model.  The estimated RSSI level = (Transmission Power) + (Transmitter Antenna Gain) - (Path Loss) - (Body Loss) - (Interference Margin) - (Fading Margin) + (Receiver Antenna Gain).  Note that in this evaluation coverage enhancement technologies, such as MIMO or Beam-forming etc., are not considered temporary.
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UE-to-UE Path Loss Model
Source from [2] 
	UE-to-UE pathloss
	If R<=50m, PL=98.45+20*log10(R), R in km
If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)
[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]


Gaussian distribution
Refer to [4] and a Gaussian distribution equation presentation shown as follow
[image: D:\company\FY102\OP2L\Contribution\RAN1_72bis\SINR(CDF)\math.png]
In our simulation we set Mean μ=0, Variance σ=0.5 to emulate a crowded scenario.
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