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1. Introduction

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.  And the data path scenarios include “direct mode” and “locally-routed” modes for proximity service (ProSe) communications.  In the RAN1#72bis meeting [2] the general parameter configurations, such as the carrier frequency, transmission power, UE RF parameters, were agreed.
It is also noted that the PR descriptions in section 5.1.1.5 and 6.5.1.1 of [1] show that
Source [1] - [PR.4] ProSe Discovery shall support a minimum of three range classes – for example short, medium and maximum range.
In this contribution we evaluate the range of device-to-device (D2D) communication with the proposed coverage enhanced scheme, the power boosting scheme, through link budget evaluation considering outdoor and indoor environments.  According to the requirement in [1], it is suggested to configure different targeting D2D range levels and further configure the corresponding transmission power level for different targeting D2D range levels.  Such as apply power boosting scheme to extend communication range and reduce transmission power for short communication range level.
2. Evaluation Configurations
In the Link Budget evaluation we apply the general UE transmission power and operation band configuration in [2] further considering the Body Loss, Fading Margin and Interference Margin parameters.
2.1. System Environment Parameters
The system environment parameters are shown in Table 1.  The values of Body Loss, Fading Margin and Interference Margin are referred to [3].  
Table 1.  System Environment Parameters
	Carrier Frequency
	700MHz

(Band 12, 13, 14 (public safety/ private): 
UL 788~798MHz/ DL 758~768MHz)
	2.4GHz

(Band 40, 2.3~2.4GHz)

	Body Loss
	3dB
	3dB

	Fading Margin
	2dB
	2dB

	Interference Margin
	2dB
	2dB

	Tx Power
	23 dBm / 31 dBm

	Tx/Rx Antenna Gain 
	0 dBi/0 dBi

	Rx Antenna Number 
	2


2.2. Link Budget Model and Communication Range Evaluation Methodology
We had compared the required Receiver (Rx) Sensitivity estimated under Link Budget Model and Modulation Coding Scheme (MCS) to evaluate the achievable communication range in [4]. For the power boosting scheme, we assume that only a small part of total resource blocks (RBs) are used for device-to-device communication and the transmission power is concentrated and boosted on the small part of total RBs. Hence, the power boosting gain obtained to improve the achievable communication range should be further considered for the evaluation methodology.  In the Link Budget evaluation we consider mainly the Receiver Signal Strength Indication (RSSI) level.  Refer to [4] the estimated RSSI level = (Transmission Power) + (Power boosting Gain) - (Path Loss) - (Body Loss) - (Interference Margin) - (Fading Margin) + (2 Receiver Antenna Gain).  Table 2 [5] shows the required Rx Sensitivity of MCS with QPSK 1/2 in 700MHz and 2.4GHz central frequency configuration with 10MHz bandwidth.
Table 2.  Receiver Sensitivity Referral Table
	MCS
	QPSK 1/2(*)

	Rx Sensitivity (dBm), 700MHz
	-94

	Rx Sensitivity (dBm), 2.4GHz
	-97


Table 3 shows the power boosting gain in dB for the number of RBs M  used  in device-to-device communication in 10MHz bandwidth configuration, where M=50, 25, 12, 6, 4, 3, 2 and 1.
Table 3.  Power boosting Gain for Different Number of RBs Used in 10MHz Bandwidth

	# of RBs used in 10MHz BW
	50
	25
	12
	6
	4
	3
	2
	1

	Power boosting Gain (dB)
	0
	3.01
	6.2
	9.21
	10.97
	12.22
	13.98
	16.99


3. Communication Range Evaluation Results with Different Path Loss Model
Firstly we consider pure outdoor and indoor environments since there is no common scenario for Indoor-and-Outdoor D2D communications.  To evaluate a general device to device communication range for outdoor and indoor environments two path loss models [6], including ITU 1411-6 [7] and Winner II A-1 [8], are simulated.  Based on Rx Sensitivity shown in Table 2 the achievable communication ranges of different number of RBs used in 10MHz are calculated among [3,1000] meters in precision of 1 meter.  
Also note that the PR descriptions in section 5.1.1.5 and 6.5.1.1 of [1] show that
Source [1] - [PR.4] ProSe Discovery shall support a minimum of three range classes – for example short, medium and maximum range.
       Currently there are many existing device-to-device communication technologies, such as NFC, Zigbee, Bluetooth and WiFi Direct etc., each support different communication ranges.  For example, a typical communication range for Bluetooth is about 10 meters (ideally 30 meters) and for WiFi is about 100 meters (ideally 200 meters).  Further note that in a city environment simulation, such as Manhattan scenario [9], the street width is configured as 30 meters.  

Observation 1:  Consider the real cases it is suggested to configure 30 meters for short D2D communication range level, 100 meters for medium range level and over 100 meters for long range level.
3.1. ITU 1411-6 Path Loss Model
To evaluate an outdoor Device-to-Device communication the ITU 1411-6 Path Loss Model is used.  The detail path loss model presentation is shown in 4.3 of [7].  In the simulation we consider location percentage p=50%, Lurban=6.8 dB and transition width w=20.
Table 4 and Figure 1 show the communication range and RSSI evaluation results with 23dBm transmission power configurations.
Table 4.  Communication Range Evaluation Results – Tx Power=23dBm, ITU 1411-6 Path Loss Model
	# of RBs used in 10MHz BW / Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	700MHz
	124
	148
	178
	211
	234
	251
	278
	331

	2.4GHz
	60
	61
	62
	64
	69
	74
	82
	98
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Figure 1
.
RSSI level Evaluation Results – Tx Power=23dBm, ITU 1411-6 Path Loss Model
Table 5 and Figure 2 show the communication range and RSSI evaluation results with 31dBm transmission power configurations
Table 5.  Communication Range Evaluation Results – Tx Power=31dBm, ITU 1411-6 Path Loss Model
	# of RBs used in 10MHz BW / Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	700MHz
	197
	234
	282
	335
	371
	399
	441
	525

	2.4GHz
	63
	69
	83
	99
	110
	118
	131
	156
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Figure 2
.
RSSI level Evaluation Results – Tx Power=31dBm, ITU 1411-6 Path Loss Model
Observation 2:
In general scenario the 23dBm transmission power configuration can achieve 60 meters in outdoor scenario without power boosting scheme.

Observation 3:
The transmission power can be further reduced if consider 30 meters as short D2D communication range level requirement.
Observation 4:
The communication range can reach over 500 meters with proposed power boosting configuration in public safety scenario.

.  
3.2. Winner II A-1 Path Loss Model
To evaluate an indoor Device to Device communication the Winner II A-1 Path Loss Model, including LoS and NLoS configurations, is used.  The detail presentation is shown in [8].  For an indoor environment we consider the D2D communication distance is within 100 meters.  
Figure 3 shows the RSSI results of LoS configuration with 23dBm transmission power.
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Figure 3
.
RSSI level Evaluation Results – Tx Power=23dBm, Winner II A-1 LoS Path Loss Model
Figure 4 shows the RSSI results of LoS configuration with 31dBm transmission power.
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Figure 4
.
RSSI level Evaluation Results – Tx Power=31dBm, Winner II A-1 LoS Path Loss Model
Observation 5: In general scenario the 23dBm transmission power configuration is sufficient for 100 meters indoor LoS D2D communication scenario.
Table 6 and Figure 5 show the communication and RSSI evaluation results of 23dBm transmission power, NLoS configurations with typically 2 walls penetration loss considered.  The penetration loss of each wall is 12dB.
Table 6. 
Communication Range Evaluation Results - Tx Power=23dBm, Winner II A-1 NLoS Path Loss Model with 2 Walls Penetration Loss
	# of RBs used in 10MHz BW / Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	700MHz
	100+
	100+
	100+
	100+
	100+
	100+
	100+
	100+

	2.4GHz
	64
	77
	94
	100+
	100+
	100+
	100+
	100+
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Figure 5
.
RSSI level Evaluation Results –Tx Power=23dBm, Winner II A-1 NLoS Path Loss Model with Two Walls Penetration Loss

Figure 6 shows the communication and RSSI evaluation results of 31dBm transmission power, NLoS configurations with typically 2 walls penetration loss considered.  The penetration loss of each wall is 12dB.
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Figure 6
.
RSSI level Evaluation Results –Tx Power=31dBm, Winner II A-1 NLoS Path Loss Model with Two Walls Penetration Loss
Observation 6: The 23dBm transmission power configuration can achieve 64 meters in indoor scenario considering 2 walls penetration loss without power boosting scheme.
4. Conclusions

This paper provides device to device communication range evaluations from the viewpoint of link budget with general 3GPP numerology and power boosting scheme.  Two different path loss models are applied to simulate indoor and outdoor Device to Device communications.  The observations are summarized as follows.
Observations:
· Observation 1:  Consider the real case it is suggested to configure 30 meters for short D2D communication range level, 100 meters for medium range level and over 100 meters for long range level.

· Observation 2:
In general scenario the 23dBm transmission power configuration can achieve 60 meters in outdoor scenario without power boosting scheme.

· Observation 3:
The transmission power can be further reduced if consider 30 meters as short D2D communication range level requirement.

· Observation 4:
The communication range can reach over 500 meters with power boosting configuration in public safety scenario.

· Observation 5: In general scenario the 23dBm transmission power configuration is sufficient for 100 meters indoor LoS D2D communication scenario.
· Observation 6: The 23dBm transmission power configuration can achieve 64 meters in indoor scenario considering 2 walls penetration loss without power boosting scheme.
To meet the requirement in [1], enhance resource spatial reuse gain and reduce mutual interference in the LTE D2D communication system, it is suggested to adjust transmission power corresponding to different D2D communication range levels requirement.  From the evaluation results and observations given above, the proposals are shown as follows:
Proposals:
· Consider to target 30 meters for short D2D communication range level, 100 meters for medium range level and over 100 meters for long range level.
· The proposed power boosting scheme could be considered as a solution to enhance communication range for Device to Device communications.
· Consider reducing transmission power for short D2D communication range level.
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