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Introduction

The goal of this contribution is to provide some insights into the achievable coverage of proximity services over LTE and its comparison with the coverage of typical LTE transmissions in the uplink. 
The coverage calculations are based on the link budget analysis as detailed in the Annex. 

For the UE transmission (Tx) power, two values are considered: 
1) Commercial service: 200 mW (23 dBm) which is a typical assumption for uplink UE Tx power. 

2) Public safety: 3 W (34.8 dBm) which is proposed in [4] as the maximum output power of a direct mode UE in the public safety domain.  
Currently Achievable Ranges
By following the methodology in Table A of the Annex, Table 1 below summarizes the range values for 700 MHz with 200 mW Tx power; the corresponding values for 3 W Tx power are shown in Table 2. Finally, Table 3 contains the range values for 2.5 GHz (23 dBm Tx power).

TABLE 1: Range in km for 700 MHz with 200 mW (23 dBm) Tx power: Commercial
	
	158 Kbps data rate
	295 Kbps data rate
	526 Kbps data rate

	
	LTE uplink
	D2D
	LTE uplink
	D2D
	LTE uplink
	D2D

	Urban
	2.03
	0.27
	1.91
	0.26
	1.78
	0.24

	Suburban
	2.47
	0.32
	2.31
	0.30
	2.16
	0.28

	Rural
	4.50
	0.52
	4.22
	0.49
	3.93
	0.46


TABLE 2: Range in km for 700 MHz with 3 W (34.8 dBm) Tx power: Public Safety
	
	158 Kbps data rate
	295 Kbps data rate
	526 Kbps data rate

	
	LTE uplink
	D2D
	LTE uplink
	D2D
	LTE uplink
	D2D

	Urban
	4.35
	0.50
	4.08
	0.48
	3.80
	0.45

	Suburban
	5.28
	0.59
	4.95
	0.56
	4.61
	0.53

	Rural
	9.61
	0.96
	9.01
	0.91
	8.40
	0.86


TABLE 3: Range in km for 2.5 GHz with 23 dBm Tx power: Commercial
	
	158 Kbps data rate
	295 Kbps data rate
	526 Kbps data rate

	
	LTE uplink
	D2D
	LTE uplink
	D2D
	LTE uplink
	D2D

	Terrain A
	1.31
	0.19
	1.25
	0.19
	1.19
	0.18

	Terrain B
	1.65
	0.17
	1.56
	0.17
	1.48
	0.17

	Terrain C
	1.82
	0.16
	1.72
	0.16
	1.62
	0.16


Conclusions
Sum
Based on the link budget analysis, the following conclusions can be drawn:
· According to the results in Table A of the Annex, the range of a typical LTE uplink is on the average 8x better than the range of D2D for the assumptions made (700 MHz carrier frequency, 23 dBm Tx power, and 158 Kbps data rate). 
· According to the results in Tables 1 to 3, the range of a typical LTE uplink is 6.6x to 11.4x better than the range of D2D with an average of 8.6x. 
· Since the range of D2D is below 1 km even for 3 W Tx power, its use for public safety applications is questionable.
Proposal

Given the dramatic range loss of D2D compared to a typical LTE uplink, it is proposed to define realistic deployment scenarios and applications for D2D in SA1.
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Annex: Assumptions and Link Budget calculation
The system configuration, transmitter and receiver assumptions of the link budget follow the LTE-Advanced and beyond link budget template of the ITU-R submission [1]. The analysis is performed at 700 MHz and 2.5 GHz carrier frequencies assuming the Okumura-Hata [2] and the Erceg-Greenstein [3] pathloss models, respectively. Regarding the transmission (Tx) power, two values are considered: 1) 200 mW (23 dBm) which is a typical assumption for uplink budget calculations and 2) 3 W (34.8 dBm) which is proposed in [4] as the maximum output power of a direct mode subscriber device.  
In Table A, the link budget template of a typical LTE uplink and D2D is exemplarily calculated according to the system configuration, transmitter, and receiver assumptions in [1] for 700 MHz carrier frequency, 23 dBm Tx power, and data rate equal to 158 Kbps. As it is shown in Table A, the 1x2 antenna configuration and the ETU, 5 Hz channel profile are assumed. The typical LTE uplink and D2D link budget templates differ in the following parameters:

· Rx antenna heights: 25 m is assumed for a typical eNB deployment and 1.5 m for D2D

· Receive antenna gains: 17 dBi is assumed for a typical eNB deployment and 0 dBi for D2D

· Receiver noise figure: 5 dB is assumed for a typical eNB deployment and 7 dB for D2D

It is noted that an outdoor deployment is assumed, i.e., the penetration margin is equal to 0 dB.

TABLE A: Link budget template; example for 700 MHz carrier frequency, 23 dBm Tx power, and 158 Kbps data rate
	Item
	Typical LTE uplink
	D2D

	System configuration

	Carrier frequency (MHz)
	700

	Rx antenna heights (m)
	25
	1.5

	Tx antenna heights (m)
	1.5

	Cell area reliability (%) 
	90%

	Transmission bit rate for data channel (bit/s)
	158,000

	Target packet error rate for the required SNR in item (19)
	10%

	Spectral efficiency (bit/s/Hz)
	0.18

	Pathloss model
	Okumura-Hata

	Mobile speed (km/h)
	3

	Transmitter

	(1) Number of transmit antennas
	1

	(2) Maximal transmit power per antenna (dBm)
	23

	(3) Total transmit power = function of (1) and (2) (dBm) 
	23

	(4) Transmitter antenna gain (dBi)
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (Cyclic delay diversity), etc.) (dB)
	0

	(6) Data channel power loss due to pilot/control boosting (dB)
	0

	(7) Cable, connector, combiner, body losses, etc. (dB)
	3

	(8) Data channel EIRP = (3) + (4) + (5) – (6) – (7)  dBm
	20

	Receiver

	(9) Number of receive antennas
	2

	(10) Receiver antenna gain (dBi)
	17
	0

	(11) Cable, connector, combiner, body losses, etc. (dB)
	3

	(12) Receiver noise figure (dB)
	5
	7

	(13) Thermal noise density (dBm/Hz)
	–174

	(14) Receiver interference density 
	-1000

	(15) Total noise plus interference density for data channel

        = 10 log (10^(((12) + (13))/10) + 10^((14)/10))  dBm/Hz
	-169
	-167

	(16) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	900000

	(17) Effective noise power for data channel = (15) + 10 log((16))  dBm
	-109.5
	-107.5

	(18) Required SNR (dB) 
	-5.7

	(19) Receiver implementation margin (dB)
	2
	2

	(20) H-ARQ gain (dB)
	0.5
	0.5

	(21) Receiver sensitivity 

         = (17) + (18) + (19) – (20)  dBm
	-113.7
	-111.7

	(22) Hardware link budget 

          = (8) + (10) ( (21) (dB)
	150.7
	131.7

	Calculation of available pathloss

	(23) Lognormal shadow fading std deviation (dB)
	8

	(24) Shadow fading margin (function of the cell area reliability and (23)) (dB) 
	10.3

	(25) BS selection/macro-diversity gain (dB)
	0

	(26) Penetration margin (dB)
	0

	(27) Other gains (dB) (if any please specify)
	0

	(28) Available path loss for data channel 

          = (22) – (24) + (25) – (26) + (27) – (11)   dB
	137.4
	118.4

	Range calculation

	(29a) Maximum range for urban (km)
	2.03
	0.27

	(29b) Maximum range for suburban (km)
	2.47
	0.32

	(29c) Maximum range for rural (km)
	4.50
	0.52
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