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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.  It was also noted [2] that the USA’s Federal Communications Commission (FCC) has announced its support for the LTE standard for Nationwide broadband communications for First responders (Emergency services) in the 700MHz Band.
This contribution evaluates the range of device to device communication with the proposed coverage enhanced scheme, the power boosting mechanism, through link budget and considers outdoor and indoor environments.  Four different path loss models, including COST 231 Hata Model, General WiFi Model, Keenan-Motely Model and UE-to-UE Pathloss Model (Xia Model), are evaluated with 3GPP LTE numerology under 700MHz and 2.4GHz center frequency configuration.  These observations provide references for public safety parameter configuration and device to device mode selection.
2. Evaluation Configuration
In the Link Budget evaluation we apply the general UE transmission power and operation band configuration in 3GPP specification 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].  
	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

	Tx Antenna Height
	1.6 meter

	Tx Antenna Gain 
	2dBi

	Rx Antenna Height
	1.6 meter

	Rx Antenna Gain 
	2dBi


Table 1.  System Environment Parameters
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 mechanism, 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.  Figure 1 shows the proposed Link Budget evaluation model.  The estimated RSSI level = (Transmission Power) + (Power boosting Gain)+(Transmitter Antenna Gain) - (Path Loss) - (Body Loss) - (Interference Margin) - (Fading Margin) + (Receiver Antenna Gain). 
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Figure 1.  Link Budget Model
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.  
	MCS
	QPSK 

1/2(*)

	Rx Sensitivity (dBm), 700MHz
	-94

	Rx Sensitivity (dBm), 2.4GHz
	-97


Table 2.  Receiver Sensitivity Referral Table

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.
	# 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


Table 3.  Power boosting Gain for Different Number of RBs Used in 10MHz Bandwidth

3. Communication Range Evaluation Results with Different Path Loss Model
The device to device communication may occur in both outdoor and indoor environments.  However, there is no common accepted 3GPP device to device communication channel model currently.  To evaluate a general device to device communication range for outdoor and indoor environments, four path loss models, including COST 231 Hata Model, General WiFi Model, Keenan-Motely Model and UE-to-UE Pathloss Model (Xia Model), are simulated .  Based on Rx Sensitivity shown in Table 2 the achievable communication ranges of different number of RBs used in 10MHz are calculated within 1000 meters in precision of 1 meter.  
Although the configuration might not be preciously enough, the results could still be referenced as a research starting point.
3.1. COST 231 Hata Path Loss Model
To evaluate an outdoor Device to Device communication the COST 231 Hata Path Loss Model, which is for urban areas, is used.  The detail path loss model presentation is shown in Appendix 6.1 as in [6]. 
Note that the COST 231 Hata Path Loss model is more applicable to central frequency range [1500MHz, 2000MHz], Transmitter (Tx) antenna height range [30m, 200m] and Rx antenna height range [1m, 10m]. Table 4 shows the communication range evaluation results.
	# of RBs used in 10MHz BW / Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	2.4GHz
	116
	136
	161
	189
	207
	221
	243
	285

	700MHz
	257
	301
	357
	418
	459
	490
	538
	631


Table 4.  COST 231 Hata Model Evaluation Results
Observation 1:
The communication range for 700MHz  is over 2 times greater than that of 2.4GHz under the COST 231 Hata Path Loss Model assumption.  
Observation 2:
When the number of RBs used in 10MHz BW reduces to half under the COST 231 Hata Path Loss Model assumption, it provides an improved communication range around 20% gain.
3.2. General WiFi Path Loss Model
To evaluate an indoor Device to Device communication the General WiFi Path Loss Model, which including open space, office and home environments, is used.  The detail presentation is shown in Appendix 6.2 as in [7].  
Since the General WiFi Model is more applicable to 2.4GHz central frequency case, the evaluation is then performed with 2.4GHz central frequency only.  Three different environment configurations, including Open Space, Office and Home environments, are evaluated.  Note that the influence of signal loss, which is presented by the path loss exponent in the equation, is more severe in a home environment than that in an office one.  Table 5 shows the results.
	# of RBs used in 10MHz BW /  Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	Open Space (n=2)
	1000
	1000
	1000
	1000
	1000
	1000
	1000
	1000

	Office (n=3.3)
	200
	247
	309
	382
	431
	471
	532
	657

	Home (n=4.5)
	48
	56
	67
	78
	85
	91
	99
	116


Table 5.  General WiFi Model Evaluation Results (Central Frequency=2.4GHz only)
Although the estimated maximum communication ranges are greater than 1000 meters in Open Space environment, it is a rare situation in the real world.

Observation 3:
The path loss exponent influences transmission range significantly, i.e. device to device communication is sensitive to environment. 
Observation 4:
When the number of RBs used in 10MHz BW reduces to half under the General WiFi Path Loss Model with n=3.3 and n=4.5, it provides an improved communication range around 20% gain. 
3.3. Keenan-Motely Path Loss Model
To further evaluate an indoor Device to Device communication with consideration of wall or floor penetration loss, the Keenan-Motely Path Loss Model is used.  The detail presentation is shown in Appendix 6.3 as in [8].  The reference experiment determined power decay index is 3.5 in [8], and the floor/wall penetration loss is 16dB [8]/5dB [9] correspondingly. Note that the Keenan-Motely Path Loss Model is more applicable to central frequency range [900MHz, 2000MHz].  Table 6 shows the results with no penetration loss.  Table 7 shows the results with 1 floor penetration loss.  Table 8 and table 9 shows the results with 1 wall and 2 walls penetration loss respectively.

	# of RBs used in 10MHz BW /  Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	Keenan-Motely Model,

No floor/wall penetration loss,

n=3.5
	2.4GHz

	157
	192
	237
	289
	324
	352
	396
	482

	
	700MHz

	262
	319
	394
	480
	539
	585
	657
	801


Table 6.  Keenan-Motely Model Evaluation Results, No Wall/Floor Loss
	# of RBs used in 10MHz BW /  Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	Keenan-Motely Model,

1 floor loss (16dB),

n=3.5
	2.4GHz

	55
	67
	82
	101
	113
	123
	138
	168

	
	700MHz

	91
	111
	137
	167
	188
	204
	229
	279


Table 7.  Keenan-Motely Model Evaluation Results, One Floor Penetration Loss
	# of RBs used in 10MHz BW /  Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	Keenan-Motely Model,

1 wall loss (5dB),

n=3.5
	2.4GHz

	113
	138
	170
	208
	233
	253
	285
	347

	
	700MHz

	188
	229
	283
	345
	388
	421
	473
	576


Table 8.  Keenan-Motely Model Evaluation Results, One Wall Penetration Loss
	# of RBs used in 10MHz BW /  Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	Keenan-Motely Model,

2 wall loss (10dB),

n=3.5
	2.4GHz

	81
	99
	122
	149
	168
	182
	205
	250

	
	700MHz

	135
	165
	204
	248
	279
	303
	340
	415


Table 9.  Keenan-Motely Model Evaluation Results, Two Walls Penetration Loss
Observation 5:
The penetration loss of each wall decreases transmission range by 30% approximately under the Keenan-Motely Path Loss Model assumption with n=3.5. 

Observation 6:
The penetration loss of one floor decreases transmission range by 65% approximately under the Keenan-Motely Path Loss Model assumption with n=3.5. 
Observation 7:
When the number of RBs used in 10MHz BW reduces to half under  Keenan-Motely Path Loss Model assumption with n=3.5, it provides an improved communication range around 20% gain.
3.4. UE-to-UE Path Loss Model (Xia Model)
To further evaluate an outdoor Device to Device communication the UE-to-UE Path Loss Model (Xia Model) is used. The detail path loss model presentation is shown in Appendix 6.4 as in [10]. Note that the UE-to-UE Path Loss Model (Xia Model) shown in [10] is based on 10MHz bandwidth system with 2GHz central frequency. And we roughly use the Rx Sensitivity with 2.4GHz shown in Table 2 as the Rx Sensitivity in the UE-to-UE Path Loss Model.  Table 10 shows the communication range evaluation results.  
	# of RBs used in 10MHz BW /  Distance(m)
	50
	25
	12
	6
	4
	3
	2
	1

	UE-to-UE Pathloss Model (Xia Model)
	50
	50
	50
	57
	63
	68
	75
	90


Table 10.  UE-to-UE Path Loss Model (Xia Model) Evaluation Results (Central Frequency=2GHz only)
Observation 8:
When the number of RBs used in 10MHz BW reduces to half under UE-to-UE Path Loss Model (Xia Model) assumption and when the communication range is larger than 50m, it provides an improved communication range around 20% gain.
4. Conclusions

This paper provides device to device communication range evaluations from the viewpoint of link budget with general 3GPP numerology and power boosting mechanism.  Four different path loss models are applied to simulate indoor and outdoor Device to Device communications.  It is necessary in the Device to Device communication to consider commercial use cases with higher throughput and public safety use cases with longer communication distance. From the evaluation results and observations given above, the proposals are shown as follows:
Proposals:
· The proposed power boosting mechanism could be considered as a solution to enhance communication range for Device to Device communications.

· The path loss exponent or the power decay index with a value of 3.5 is appropriate for Device to Device communications.
· The Device to Device communication Systems with 700MHz central frequency could achieve wider communication range compare to that with 2.4GHz central frequency.
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6. Appendix
6.1. COST 231 Hata Path Loss Model
Path Loss_COST_231_Hata=46.3+33.9*log10(f)-13.82*log110(Tx Antenna Height)-a(Rx Antenna Height)+(44.9-6.55*log10(Tx Antenna Height))*log10 (d)+C_Env,
where
 f: in MHz ... more applicable from 1500MHz to 2000MHz,
 d: distance in Km,
 Tx Antenna Height: [30m, 200m],
 Rx Antenna Height: [1m, 10m]
and a(Rx Antenna Height):  mobile antenna height correction factor,  valid frequency range f=[200Mhz,1500MHz],
   
 For Urban=(1.1*log10(f)-0.7)*(Rx Antenna Height)-(1.56*log10(f)-0.8) ,
 For Dense Urban= 3.2*((log10(11.75*Rx Antenna Height))2) -4.97, 

and  C_Env: Environment correction factor, reference values are
Dense urban=3dB,
Urban = 0dB,
Suburban = -8dB,
Rural=-15dB.
6.2. General WiFi Path Loss Model
Path Loss_General_WiFi=P(1)+n*10*log10 [D],
where
P(1)=path loss at 1 meter, at 2.4GHz = 41dB,
D= distance in meter

n = path loss exponent:  open space n=2 ; open office n=3.3; home n=4.5.
Note that the General WiFi Model is more applicable to 2.4GHz central frequency case.
6.3. Keenan-Motely Path Loss Model
Path Loss_Keenan_Motely= L(0)+10*n*log10 (d)+kf*F,
where
L(0):  Free Space Loss at 1 meter, and Free Space Path Loss=20*log10 (d)+20*log10 (f)-147.55, (d: meter, f=Hz),
n (power decay index) is experiment determined,
kf :number of penetrated floors or walls,
F: penetration loss of each floor or wall.
6.4. UE-to-UE Path Loss Model 
If R<=50m, Path Loss_UE-to-UE = 98.45+20*log10(R),

If R>50m, Path Loss_UE-to-UE = 175.78+40*log10(R), (Xia model),
where
R: distance in Km
_1426425312.vsd
Tx Antenna Gain


Power
Boosting Gain


Path Loss


Body Loss


Fading Margin


Interference Margin


Rx Antenna Gain


Tx Power


Rx Sensitivity



