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1 Introduction
In the last RAN Plenary #70, WI on V2V services based on LTE sidelink was agreed [1]. In this contribution, we provide an Operating band plan for V2V services in Rel-14. 
2 Band regulation for V2V Services
In Europe, ETSI TC ITS has discussed for V2X communication architecture and protocol to vehicle safety, traffic efficiency and infotainment application for V2X communication services. For the channel usage concept in ETSI is formed by ETSI EN 302 663 [2] to specify the European frequency profile for ITS G5. 
In North America, IEEE group 802.11 and 1609 has specified for V2X communication standardization to provide a networked environment supporting very high speed transactions among vehicles (V2V) and between vehicles and infrastructure components (V2I) or hand held devices (V2P) to enable numerous safety and mobility applications. 
In Asia, Japanese government define the national regulation for safe driving support systems at 700MHz band (755.5‑764.5 MHz). In Korea, the related government department tries to collect demands of V2X service from variable industries e.g. Car industry, Information and Communications Industry. Evaluation of pilot system in 5.9GHz spectrum for V2X service is performed, however regulation for V2X service is not yet defined.
2.3 European Band regulation for V2V Services
In the European frequency profile for ITS G5, they addresses channel allocation and channel usage based on  EC decision in the 5875-5925MHz frequency band for safety related applications of ITS.
The G5B band is not exclusively reserved for ITS communication. Other service may use it since this band is under SRD (Short Range Device) E.g) RFID, UWB Sensors & Radars services.
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Figure1: ETSI channel allocation in 5.9GHz for V2X services

In latest ITS world congress, multi-channel usage are discussed to increase the related applications such as vulnerable road user (VRU) protection, fuel efficient speed advice (GLOSA), traffic prioritization, shock wave damping, cooperative ACC and platooning[2].
For the operating of the dual transceiver, SCH0 can be used for fixed assignment for V2V application and 2nd transceiver can be used in SCH1. Then SCH2 is used as guard band in this operation.
2.4 North America Band regulation for V2V Services
In US, the V2V architecture and protocols has been standardized by IEEE Groups 802.11 and 1609 as named “WAVE (Wireless Access in Vehicular Environments)” in 5.850 to 5.925 GHz spectrum ranges as shown in Figure2[3].
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Figure2: FCC channel allocation in 5.9GHz for V2X services

The 5MHz from 5.85 to 5.855GHz is reserved as guard band. The channel 178 is the control channel and channels 172,174,176, 180, 182 and 184 are shared channel for V2X services. The aggregated channel 175 and 181 are 20MHz channel bandwidth to support multi-channel operation in WAVE applications.
Benefits for the ITS program in enabling wireless communications is for vehicle operators, traffic management centres, emergency response centres, route guidance, safety and amber alerts, and response to traveller emergencies, traceable to the National ITS Architecture.

2.5 Japanese Band regulation for V2V Services
In Japan, for the use of the safe driving support systems, a part of the 700 MHz band (755.5‑764.5 MHz) has been assigned in a new spectrum allocation on a primary basis in the digital dividend band. The technical characteristics of V2V and V2I communications for safe driving support systems are shown in Table 1[4].

TABLE 1 Characteristics of the transmission scheme
	Item
	Technical characteristic

	Operating frequency range
	755.5-764.5 MHz (Single channel)

	Occupied bandwidth
	Less than 9 MHz

	Modulation scheme
	BPSK OFDM, QPSK OFDM, 16QAM OFDM

	Forward error correction
	Convolutional coding, rate = 1/2, 3/4

	Data transmission rate
	3 Mbit/s, 4.5 Mbit/s, 6 Mbit/s, 9 Mbit/s, 12 Mbit/s, 18 Mbit/s

	Media access control
	CSMA/CA


2.6 Korean Band regulation for V2V Services
The advanced Intelligent Transport System radio-communications have to consider the described V2V/V2I communications and its service requirements and WAVE standards for international harmonization. In V2V applications, it is required to consider the low packet latency because the life-saving time of safety message is useful in the span of 100 ms. Also it requires a highly activated radio channel when many vehicles try to activate radio channel simultaneously. 
Thus the advanced ITS radio-communications have the following features as shown in Table 2[4].

TABLE 2 Technical Characteristics
	Item
	Technical characteristic

	RF frequency
	5 855-5 925 MHz (Pilot system)

	RF channel bandwidth 
	10 MHz

	RF Transmit power
	23 dBm

	Modulation type
	OFDM (BPSK, QPSK, 16QAM, Option: 64QAM)

	Data rate
	3, 4.5, 6, 9, 12, 18 Mbit/s, Option: 24, 27 Mbit/s 

	MAC
	CSMA/CA, Option: Time Slot based CSMA/CA


3 Comparison and conclusion
The Table 3 shows the comparison of technical characteristics of each standard for V2X services [4].
TABLE 3 Comparisons of Technical Characteristics
	Parameter
	ETSI
	IEEE
	ARIB
	TTA

	Operating frequency range
	5.855-5.925 MHz
	5.850-5.925 MHz
	755.5-764.5 MHz (Single channel)
	5 855-5 925 MHz (Pilot system)

	RF channel bandwidth
	10 MHz
	10 MHz or 20 MHz
	Less than 9 MHz
	Less than 10 MHz

	RF Transmit Power/EIRP
	Max 33 dBm EIRP
	
	–
	23 dBm

	RF transmit power density
	
	
	10 dBm/MHz
	

	Modulation scheme
	BPSK OFDM, QPSK OFDM, 16QAM OFDM, 64QAM OFDM
	BPSK-OFDM QPSK-OFDM 16-QAM-OFDM 64-QAM-OFDM 

52 subcarriers
	BPSK OFDM, 
QPSK OFDM, 
16QAM OFDM
	BPSK OFDM, QPSK OFDM, 16QAM OFDM,

Option: 64QAM

	Forward error correction
	Convolutional coding, rate = 1/2, 3/4, 2/3
	Convolutional coding, rate = 1/2, 3/4
	Convolutional coding, rate = 1/2, 3/4
	Convolutional coding, rate = 1/2, 3/4

	Data transmission rate
	3 Mbit/s, 4.5 Mbit/s, 6 Mbit/s, 9 Mbit/s, 12 Mbit/s, 18 Mbit/s, 24Mbit/s, 27Mbit/s
	3, 4.5, 6, 9, 12, 18, 24 and 27 Mbit/s for 10 MHz channel spacing
6, 9, 12, 18, 24, 36, 48 and 54 Mbit/s for 20 MHz channel spacing
	3 Mbit/s, 4.5 Mbit/s, 6 Mbit/s, 9 Mbit/s, 12 Mbit/s, 18 Mbit/s
	3, 4.5, 6, 9, 12, 
18 Mbit/s,

Option: 24, 27 Mbit/s

	Media access control
	CSMA/CA
	CSMA/CA
	CSMA/CA
	CSMA/CA,

Option: Time Slot based CSMA/CA

	Duplex method
	TDD
	TDD
	TDD
	TDD


From the Table 3, we can define operating bands for V2V services in Band 46 when we consider LTE based V2X service would be deployed in the existing operating bands for V2X services as a band regulatory aspect. 
In licensed bands, RAN WG4 can include specific operating bands by operator request for V2V services. 
Therefore, we propose operating band plan for V2V services as follows
Proposal 1: In licensed bands, RAN WG4 includes specific operating bands by operator request.

Proposal 2: RAN WG4 reuse Band 46 for V2V service for unlicensed band operation.
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