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Introduction

This contribution provides the ITS regulations at 5.9GHz from each region.
****************** Start of the TP in subcluase 5.2 of TR36.xxx ************************
5.2
Operating bands

5.2.1
Regulatory Background


The range of 5150-5850MHz, or parts thereof, has analized for licensed-assisted access WI in Rel-13. However the spectrum of 5850-5925MHz did not studied which is also potentially available for V2X service in unlicensed band. 

The ragne is allocate to the mobile service on a primary basis in all regions. 

In Europe, ETSI TC ITS has discussed for V2X communication 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, Chinese government approved Shanghai Intelligent Connected Vehicle Pilot Area from Shanghai International Automobile City. In October 2015, Shanghai International Automobile City released its initial plan to test 1000 LTE-V2X-enabled vehicles in an area of 90 square kilometres in 2018 - 2019. In Korea, the related government department tries to collect a demands of V2X service from variable industries e.g. Car industry, Information and Communications Industry. Evaluation of pilot system in 5.9GHz spectrum for Advanced ITS service is performed.
5.2.1.1
ITU Region 1
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. This range can be used for non-safety ITS services. So other service may use it since this band is under SRD (Short Range Device) E.g) RFID, UWB Sensors & Radars services. The G5D band is used for future safety ITS application. Hence the range is candidate spectrum for LTE-based V2X service in future.
[image: image1.png]IEEE Channel
Number

| |
178 180 w2 | 14|
i i

172 174 176

SCH4 SCH3 | SCH1 | SCH2 | SCHO | SCH5 | SCH6

|—ITS 558 ——|————|ITS G5A |=———!—— TS 35D —|  Band

5.855 5.865 5875 5.885 5895 5905 5915 5925 Frequency [MHz]




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.
The ITS carrier center frequency for any given channel shall be maintained with in the range fc ( 20 ppm.
5.2.1.1.1
RF out put power
The RF output power is the total equivalent isotropically radiated power during a transmission burst.
Table 5.2.1.1.1-1 and Table 5.2.1.1.1-2 are the output power limits for V2X UE.
Table 5.2.1.1.1-1 Limits for total RF output power and power spectral density at the highest power level
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Table 5.2.1.1.1-2 Limits for total RF output power and power spectral density at the lowest power level
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5.2.1.1.2
Transmitter unwanted emissions outside the 5GHz ITS frequency bands
The power level of any spurious emission, occurring less than 2.5 x wanted channel bandwidth from the center of the channel on which the transmitter shall not exceed the requirements in Table 5.2.1.1.2-1

Table 5.2.1.1.2-1 Transmitter unwanted emission limits 
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The power level of any spurious emission, occurring, 2.5 x wanted channel bandwidth or more from the center of the channel on which the transmitter shall not exceed the requirements in Table 5.2.1.1.2-2
Table 5.2.1.1.2-2 Transmitter unwanted emission limits 
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The measurement resolution is as below Table 5.2.1.1.2-3.
 Table 5.2.1.1.2-3 Reference bandwidths to the wanted emission for equipment 
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5.2.1.1.3
Transmitter unwanted emissions within the 5GHz ITS frequency bands
The mean levels of the transmitted spectrum within 5GHz ITS bands shall not exceed the requirements in Table 5.2.1.1.3-1

Table 5.2.1.1.3-1 Transmitter unwanted emission limits inside the 5GHz ITS band (10MHz CBW)
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This unwanted emission table is same with the emission requirements of UE power class C in IEEE 802.11p. However the power class C consider antenna gain with 13dBi. It is different assumption with 3GPP RAN4. So need further discussion how can apply the regulatory aspect into coexistence evaluation work.
5.2.1.1.4
Receiver spurious emissions
The spurious emissions of the receiver shall not exceed the requirements in Table 5.2.1.1.4-1

Table 5.2.1.1.4-1 Receiver spurious radiated emission limits
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5.2.1.1.5
LBT threshold
The LBT threshold is defined as the received signal level above which the equipment can determine that the channel is not available for use. If the received signal is below the LBT threshold then the equipment can determine that the cahnnel is available for use. This requirement applied only to equipment operating in the frequency range from 5855 to 5875MHz. 
Table 5.2.1.1.5-1 LBT threshold values
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Table 5.2.1.1.5-2 Example interference threshold values
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5.2.1.1.6
Receiver adjacent channel rejection
The adjacent channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of an ITS signal in the adjacent channel, which differs in frequency from the wanted signal by an amount equal to the adjacent channel separation for which the equipment is intended. The receiver adjacent channel rejection under specified conditions shall be equal to or greater that the limits in Table 5.2.1.1.6-1
Table 5.2.1.1.6-1 Limit for receiver adjacent channel rejection at BPSK rate 1/2
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The definition of ACS is the ratio of interfering power to in-band attenuated interfering power by filter which can be interpreted the ratio of outband interfering power to inband attenuated interfering power by filter. So ACS can be expressed as ACS = ACR + 3dB+SNR+ IM, or equivalently ACS = ACR + 3dB+ REFSENS –NF. However there are some different test method between IEEE and 3GPP, it is not trivial to define a unique level for ACS limits. It will be define in RAN4 to evaluate adjacent channel coexistences between LTE based V2V UE and DSRC UE.
5.2.1.1.7
Receiver Sensitivity
The receiver sensitivity is defined in Table 5.2.1.1.7-1 for a packet error rate of 10% for 1000octect frames.
Table 5.2.1.1.7-1 Receiver sensitivity
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5.2.1.2
ITU Region 2
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 Figure 5.2.1.2-1[3].
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Figure 5.2.1.2-1: 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.

Specifically, per FCC 06-110, Channel 172 is for V2V safety communications for accident avoidance and mitigation, and safety of life and property applications. Channel 184 is for high-power, longer distance communications to be used for public safety applications involving safety of life and property, including road intersection collision mitigation.
5.2.1.2.1
RF out put power
The RF maximum transmit power classification are listed in Table 5.2.1.2.1-1 for V2X STA.

Table 5.2.1.2.1-1 Maximum STA transmit power classifications in the United States
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Max transmit power of power class B/C transfer as 10dBm/20dBm with 0dBi antenna gain. The Power class B/C UE can be applied with maximum 23dBm/33 dBm with 13 dBi antenna gain. The power class C is a same condition between ETSI regulation and US regulation. However LTE UE did not consider positive antenaa gain until now. So LTE UE is quite same as power class B UE. 
5.2.1.2.2
Transmitter spectrum mask
The spectral mask is created and applied as shown in the Table 5.2.1.2.2-1 and corresponsing Figure 5.2.1.2.2-1. 
Table 5.2.1.2.2-1 Spectrum mask data for 10MHz channel spacing in 5.85-5.925GHz band in the United States
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Figure 5.2.1.2.2-1 Transmitter unwanted emission mask and application
The emission level of Power class C in US is same as ETSI transmitter unwanted emission levels. The 2.5MHz offset level (-26dB) of plower class C is same with 23 + (-26) = -3dBm in the spectrum emission level of ETSI standardization. 
But ESTI only defined one spectrum emission regulatory requirements based on 33dBm max. power UE (e.i.r.p).
5.2.1.2.3
Receiver adjacent channel rejection
The receiver adjacent channel rejection under specified conditions shall be equal to or greater that the limits in Table 5.2.1.2.3-1

Table 5.2.1.2.3-1 Optional enhanced receiver performance requirement
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This adjacent channel rejection levels are same as the adjacent rejection levels in ETSI. However, this is optional enhanced DSRC UE which has dot11ACRTye equal to 2.
5.2.1.2.4
Receiver Sensitivity
The receiver sensitivity is defined in Table 5.2.1.2.4-1 for a packet error rate of 10%.

Table 5.2.1.2.4-1 Receiver sensitivity
	Modulation
	Coding rate
	 20MHz 
(dBm)
	10MHz 
(dBm)
	5MHz 
(dBm)

	BPSK
	1/2
	-82
	-85
	-88

	BPSK
	3/4
	-81
	-84
	-87

	QPSK
	1/2
	-79
	-82
	-85

	QPSK
	3/4
	-77
	-80
	-83

	16QAM
	1/2
	-74
	-77
	-80

	16QAM
	3/4
	-70
	-73
	-76

	64QAM
	2/3
	-66
	-69
	-72

	64QAM
	3/4
	-65
	-68
	-71


5.2.1.3
ITU Region 3
5.2.1.3.1
Korea

TTA published revised ITS standardization in 2014 to support vehicle communication with maximum 200km/h speed.
The advanced Intelligent Transport System radio-communications (pilot system) 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 100ms. 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 5.2.1.3.1-1 [8].

Table 5.2.1.3.1-1 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


5.2.1.3.2
Japan
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 5.2.1.3.2-1 [8].

Table 5.2.1.3.2-1 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


5.2.1.4
Comparison
The Table 5.2.1.4-1 shows the comparison of technical characteristics of each standard for V2X services [8].

Table 5.2.1.4-1 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


