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Introduction

This contribution provides the ITS regulations at 5.9GHz from each region.
****************** Start of the TP in subcluase 2 & 5.2 of TR36.785 ************************
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5.2
Operating bands

5.2.1
Regulatory Background

In the following chapter, we look at the regulatory requirements around the different regions for ITS at 5.9GHz
5.2.1.1
ITU Region 1
In Europe, Intelligent Transport Systems (ITS) is specified in the ETSI HS between 5 855 MHz to 5 925 MHz, see Table 5.2.1.1-1. ECC Decision (08)01 [11] defines the spectrum usage conditions in the frequency range 5 875 GHz to 5 905 MHz for non-safety ITS and proposes CEPT administrations to consider within a future review of the Decision to include the designation of the frequency sub-band 5905-5925 MHz for an extension of ITS spectrum. ECC Recommendation (08)01 [12] recommends the spectrum usage of the frequency range 5 855 MHz to 5 875 MHz for non-asfety ITS. The Commission Decision 2008/671/EC [13] mandates a harmonized use of the frequency band 5 875 MHz to 5 905 MHz dedicated to safety-related ITS applications throughout the member states of the European Union. 

Table 5.2.1.1-1 5 GHz ITS frequency band segmentation in Europe 
	Frequency band
	Frequency range
	Usage
	Regulation

	ITS-G5B
	5 855 MHz to 5 875 MHz
	ITS non-safety applications
	ECC Recommendation (08)01 [12]

	ITS-G5A
	5 875 MHz to 5 905 MHz
	ITS road safety
	Commission Decision
2008/671/EC [13],

ECC Decision (08)01 [11]

	ITS-G5D
	5 905 MHz to 5 925 MHz
	Future ITS applications
	ECC Decision (08)01 [11]


In the following, we review the regulatory comformance requirements specified in the harmonized standard EN 302 571 [9], which applies to radio transmitters and receivers for ITS operating in the frequency range 5 855 MHz to 5 925 MHz in Europe.
5.2.1.1.1
TX requirements
5.2.1.1.1.1
RF output power

The radio frequency (RF) output power is the mean equivalent isotropically radiated power (e.i.r.p.) during transmission bursts. 

The maximum RF output power shall not exceed 33 dBm e.i.r.p.
5.2.1.1.1.2
Power spectral density
The power spectral density (PSD) is the mean e.i.r.p. spectral density during transmission bursts. 

The maximum power spectral density shall not exceed 23 dBm/MHz e.i.r.p.
5.2.1.1.1.3
Transmit power control
The TPC range shall at least be 3 dBm up to the maximum specified RF output power e.i.r.p of the equipment.
5.2.1.1.1.4
Transmitter frequency stability
The nominal carrier frequencies, fc , for ITS channels in the frequency range 5 855 MHz to 5 925 MHz are 5860 MHz, 5870 MHz, 5880 MHz, 5890 MHz, 5900 MHz, 5910 MHz and 5920 MHz. The maximum channel bandwidth is 10 MHz 

The equipment is required to operate on the applicable specific carrier centre frequencies and the actual carrier centre frequency for any given channel shall be maintained within the range fc ± 20 ppm.
5.2.1.1.1.5
Transmitter unwanted emissions
Unwanted emissions refer to radio frequency emissions outside the 5 GHz ITS frequency band, i.e. outside of 5 855 MHz to 5 925 MHz.
Table 5.2.1.1.1.5-1 and Table 5.2.1.1.1.5-2 tabulate transmitter unwanted emission limits in the spurious domain below 1 GHz and above 1 GHz, respectively. 
Table 5.2.1.1.1.5-1. Transmitter unwanted emission limits in the spurious domain below 1 GHz 
	Frequency range
	Maximum power, (e.r.p.) (dBm)
	Reference bandwidth

	30 MHz ( f ( 1 GHz
	-36
	100 kHz


Table 5.2.1.1.1.5-2. Transmitter unwanted emissions in the spurious domain above 1 GHz

	Frequency range
	Maximum power, (e.i.r.p.) (dBm)
	Bandwidth

	1 GHz to 5,795 GHz
	-30 dBm
	1 MHz

	5,950 GHz to 18 GHz
	-30 dBm
	1 MHz


Table 5.2.1.1.1.5-3 tabluates transmitter unwanted emission limits in the out-of-band domain of the 5 GHz ITS frequency band. 

The out-of-band domain is defined as ±250 % of the channel bandwidth. And then the out-of-band (OOB) domain for the 5 GHz ITS frequency band is 5,830 GHz to 5,855 GHz at the lower part and 5,925 GHz to 5,950 GHz at the higher part of the frequency band. However, the out-of-band domain is larger for the 5 GHz ITS frequency band and is including parts of the spurious domain (i.e. 5795-5830MHz), see Table 5.2.1.1.1.5-3. 
Table 5.2.1.1.1.5-3. Transmitter unwanted emission limits in the out-of-band domain of the 5 GHz ITS frequency band 
	Frequency range
	Maximum power, (e.i.r.p.) (dBm)
	Reference bandwidth

	5,795 GHz to 5,815 GHz
	-65 ([7], Clause 4.3)
	1 MHz

	5,815 GHz to 5,855 GHz
	-30
	1 MHz

	5,925 GHz to 5,950 GHz
	-30
	1 MHz


5.2.1.1.1.6
Transmitter spectrum mask within the 5 GHz ITS frequency band for 10 MHz channels
The spectrum mask in Table 5.2.1.1.1.6-1 applies within 5 855 MHz to 5 950 MHz according to ETSI EN 302 571 [9]. .We note that there may be a typo in the applicable range and this may be 855 MHz to 5 925 MHz
Table 5.2.1.1.1.6-1. Transmitter spectrum mask for 10 MHz channel bandwidth 
	Power Spectral Density at the carrier centre frequency fc (dBm/100 kHz)
	± 4,5 MHz

offset

(dBm/100 kHz)
	± 5,0 MHz

offset

(dBm/100 kHz) 
	± 5,5 MHz

offset

(dBm/100 kHz)
	± 10 MHz

offset

(dBm/100 kHz)
	± 15 MHz

offset

(dBm/100 kHz)

	0
	0
	‑26
	‑32
	‑40
	‑50


5.2.1.1.2
RX Requirements
5.2.1.1.2.1
Receiver spurious emissions
Receiver spurious emissions are emissions at any frequency when the equipment is in receive mode. 

Table 5.2.1.1.2.1-1 tablulates the limits that the receiver shall not exceed.

Table 5.2.1.1.2.1-1. Spurious radiated emission limits

	Frequency range
	Maximum power
	Measurement bandwidth
	Special requirement

	30 MHz ( f ( 1 GHz
	-57 dBm (e.r.p.)
	100 kHz
	n/a

	1 GHz ( f ( 5,795 GHz
	-47 dBm (e.i.r.p.)
	1 MHz
	n/a

	5,795 GHz ( f ( 5,815 GHz
	-60 dBm (e.i.r.p.)
	1 MHz
	Applicable for an intended antenna installation ≤ 2 meters above the ground level.

	
	-65 dBm (e.i.r.p.)
	1 MHz
	Applicable for an intended antenna installation > 2 meters above the ground level.

	5,815 GHz ( f ( 18 GHz
	-47 dBm (e.i.r.p.)
	1 MHz
	n/a


5.2.1.1.2.2
Receiver selectivity

5.2.1.1.2.2.1 
Adjacent channel rejection

The adjacent channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in the adjacent channel, which differs in frequency from the wanted signal by ± 10 MHz. 

The harmonized standard EN 302 571 [9] only provides the minimum required adjacent channel rejection parameters under specified conditions for receivers using the OFDM PHY specified in [14]
5.2.1.1.2.2.2 
Alternate channel rejection

The alternate channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in the alternate adjacent channel, which differs in frequency from the wanted signal by ± 20 MHz.
The harmonized standard EN 302 571 [9] only provides the minimum required alternate channel rejection parameters under specified conditions for receivers using the OFDM PHY specified in [14].

5.2.1.1.2.2.3 
Blocking

Blocking is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in frequency band further away and it shall be tested at ± 50 MHz, ± 100 MHz, and ± 200 MHz. Blocking testing shall be performed at least at 6 different frequency offset positions. The manufacturer of the equipment can add additional frequency offsets positions.
The blocking level shall not be less than -30 dBm.
5.2.1.1.2.3
Receiver sensitivity

The receiver sensitivity is defined as the minimum receive signal level at the antenna connector required for a given packet error rate and modulation scheme (noise factor of 10 dB and 5 dB implementation margins are assumed).
The harmonized standard EN 302 571 [9] only provides the receiver sensitivity requirements for receivers using the OFDM PHY specified in [14]
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 5.850 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.

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 EIRP levels the United States
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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


5.2.1.4
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
	TTA

	Operating frequency range
	5.855-5.925 MHz
	5.850-5.925 MHz
	5 855-5 925 MHz (Pilot system)

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

	RF Transmit Power/EIRP
	Max 33 dBm EIRP
	
	23 dBm

	RF transmit power density
	
	
	

	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,

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

	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, 4.5, 6, 9, 12, 
18 Mbit/s,

Option: 24, 27 Mbit/s

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

Option: Time Slot based CSMA/CA

	Duplex method
	TDD
	TDD
	TDD


