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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 through link budget and considers outdoor and indoor environments.  Three different path loss models, including COST 231 Hata Model, General WiFi Model and Keenan-Motely 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
To evaluate the achievable communication range, we compare the required Receiver (Rx) Sensitivity estimated under proposed Link Budget Model and Modulation Coding Scheme (MCS).
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) + (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.
[image: image1.png]Tx

Antenna
Gain
Tx Eﬂm
Power O
Body
Loss

Antenna
Gain

Rx
Sensitivity




Figure 1.  Link Budget Model
Table 2 shows the required Rx Sensitivity of each MCS in 700MHz and 2.4GHz central frequency configuration with 5MHz and 10MHz bandwidth.  Note that the values of column QPSK 1/2 (*) are from [4] and the rest number are offset from couple current device capabilities.
	MCS
	QPSK 

1/2(*)
	QPSK

 3/4
	QAM16 

1/2
	QAM16 3/4
	QAM64 1/2
	QAM64 2/3
	QAM64 3/4
	QAM64 5/6

	Rx Sensitivity (dBm), 700MHz
	BW= 5MHz
	-97
	-92
	-91
	-86
	-87
	-83
	-81
	-79

	
	BW=10MHz
	-94
	-89
	-88
	-83
	-84
	-80
	-78
	-76

	Rx Sensitivity (dBm), 2.4GHz
	BW= 5MHz
	-100
	-95
	-94
	-89
	-88
	-86
	-84
	-82

	
	BW= 10MHz
	-97
	-92
	-91
	-86
	-87
	-83
	-81
	-79


Table 2.  Receiver Sensitivity Referral Table
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, three path loss models, including COST 231 Hata Model, General WiFi Model and Keenan-Motely Model, are applied.  Based on Rx Sensitivity shown in Table 2 the achievable communication ranges of different MCS 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 [5]. 
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 3 shows the communication range evaluation results.
	MCS/ Distance(m)
	QPSK 1/2
	QPSK 3/4
	16QAM 1/2
	16QAM 3/4
	64QAM 1/2
	64QAM 2/3
	64QAM 3/4
	64QAM 5/6

	2.4GHz, BW=5M
	116
	89
	84
	65
	61
	55
	49
	44

	2.4GHz, BW=10M
	99
	76
	72
	55
	58
	47
	42
	38

	700MHz, BW=5M
	257
	197
	187
	143
	151
	122
	110
	99

	700MHz, BW=10M
	219
	168
	159
	122
	129
	104
	94
	84


Table 3.  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:
The communication range of 5MHz provides around 30% gain to that of 10MHz under the COST 231 Hata Path Loss Model assumption.
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 [6].  
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 4 shows the results.
	MCS/ Distance(m)
	QPSK 1/2
	QPSK 3/4
	16QAM 1/2
	16QAM 3/4
	64QAM 1/2
	64QAM 2/3
	64QAM 3/4
	64QAM 5/6

	Open Space

(n=2)
	BW=5M
	1000
	1000
	1000
	1000
	1000
	1000
	1000
	1000

	
	BW=10M
	1000
	1000
	1000
	1000
	1000
	1000
	999
	794

	Office

(n=3.3)
	BW=5M
	247
	174
	162
	114
	107
	93
	81
	70

	
	BW=10M
	200
	141
	132
	93
	99
	75
	65
	57

	Home

(n=4.5)
	BW=5M
	56
	44
	41
	32
	30
	27
	25
	22

	
	BW=10M
	48
	37
	35
	27
	29
	23
	21
	19


Table 4.  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:
The communication range of 5MHz provides around 30% gain to that of 10MHz under the General WiFi Path Loss Model. 
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 [7].  The reference experiment determined power decay index is 3.5 in [7], and the floor/wall penetration loss is 16dB [7]/5dB [8] correspondingly.  
Note that the Keenan-Motely Path Loss Model is more applicable to central frequency range [900MHz, 2000MHz].  Table 5 shows the results with no penetration loss.  Table 6 shows the results with 1 floor penetration loss.  Table 7 and table 8 shows the results with 1 wall and 2 walls penetration loss respectively.
	MCS/ Distance(m)
	QPSK 1/2
	QPSK 3/4
	16QAM 1/2
	16QAM 3/4
	64QAM 1/2
	64QAM 2/3
	64QAM 3/4
	64QAM 5/6

	Keenan-Motely Model,

No floor/wall penetration loss,

n=3.5
	2.4GHz,

BW=5M
	192
	138
	129
	93
	87
	76
	67
	58

	
	2.4GHz,

BW=10M
	157
	113
	106
	76
	81
	62
	55
	48

	
	700MHz,

BW=5M
	319
	229
	215
	154
	165
	127
	111
	97

	
	700MHz,

BW=10M
	262
	188
	176
	127
	135
	104
	91
	80


Table 5.  Keenan-Motely Model Evaluation Results, No Wall/Floor Loss
	MCS/ Distance(m)
	QPSK 1/2
	QPSK 3/4
	16QAM 1/2
	16QAM 3/4
	64QAM 1/2
	64QAM 2/3
	64QAM 3/4
	64QAM 5/6

	Keenan-Motely Model,

1 floor loss (16dB),

n=3.5
	2.4GHz,

BW=5M
	67
	48
	45
	32
	30
	26
	23
	20

	
	2.4GHz,

BW=10M
	55
	39
	37
	26
	28
	21
	19
	16

	
	700MHz,

BW=5M
	111
	80
	75
	54
	57
	44
	38
	34

	
	700MHz,

BW=10M
	91
	65
	61
	44
	47
	36
	31
	27


Table 6.  Keenan-Motely Model Evaluation Results, One Floor Penetration Loss
	MCS/ Distance(m)
	QPSK 1/2
	QPSK 3/4
	16QAM 1/2
	16QAM 3/4
	64QAM 1/2
	64QAM 2/3
	64QAM 3/4
	64QAM 5/6

	Keenan-Motely Model,

1 wall loss (5dB),

n=3.5
	2.4GHz,

BW=5M
	138
	99
	93
	67
	62
	55
	48
	42

	
	2.4GHz,

BW=10M
	113
	81
	76
	55
	58
	45
	39
	34

	
	700MHz,

BW=5M
	229
	165
	154
	111
	119
	91
	80
	70

	
	700MHz,

BW=10M
	188
	135
	127
	91
	97
	75
	65
	57


Table 7.  Keenan-Motely Model Evaluation Results, One Wall Penetration Loss
	MCS/ Distance(m)
	QPSK 1/2
	QPSK 3/4
	16QAM 1/2
	16QAM 3/4
	64QAM 1/2
	64QAM 2/3
	64QAM 3/4
	64QAM 5/6

	Keenan-Motely Model,

2 walls loss (10dB),

n=3.5
	2.4GHz,

BW=5M
	99
	71
	67
	48
	45
	39
	34
	30

	
	2.4GHz,

BW=10M
	81
	58
	55
	39
	42
	32
	28
	25

	
	700MHz,

BW=5M
	165
	119
	111
	80
	85
	65
	57
	50

	
	700MHz,

BW=10M
	135
	97
	91
	65
	70
	54
	47
	41


Table 8.  Keenan-Motely Model Evaluation Results, Two Walls Penetration Loss
Observation 5:
The penetration loss of each wall decreases transmission range by 30% approximately. 
Observation 6:
The communication range of 5MHz provides around 30% gain to that of 10MHz under  Keenan-Motely Path Loss Model assumption.
Observation 7:
The maximum data communication range with 2.4GHz central frequency and 5MHz bandwidth configuration is 192 meters under the Keenan-Motely Path Loss Model with no penetration loss assumption.
4. Conclusions

This paper provides device to device communication range evaluations from the viewpoint of link budget with general 3GPP numerology.  Three different path loss models are applied to simulate indoor and outdoor Device to Device communications.  The observations are shown as follows:
Observations:
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:
The communication range of 5MHz provides around 30% gain to that of 10MHz under the COST 231 Hata Path Loss Model assumption.
Observation 3:
The path loss exponent influences transmission range significantly, i.e. device to device communication is sensitive to environment. 
Observation 4:
The communication range of 5MHz still provides around 30% gain to that of 10MHz under the General WiFi Path Loss Model.
Observation 5:
The penetration loss of each wall decreases transmission range by 30% approximately. 
Observation 6:
The communication range of 5MHz still provides around 30% gain to that of 10MHz under Keenan-Motely Path Loss Model assumption.
Observation 7:
The maximum Device to Device communication range with 2.4GHz central frequency and 5MHz bandwidth configuration is 192 meters under the Keenan-Motely Path Loss Model with no penetration loss assumption.
In Device to Device communication it is naturally to consider providing commercial use cases with better throughput and public safety use cases with longer communication distance.  
Proposals:
· Use small bandwidth parameter configuration to provide public safety use cases to achieve wider communication range.
· Consider applying coverage enhancement technologies for Device to Device communication.
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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.
