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Introduction
One of the objectives of the V2V sidelink WI in [1] is
· To specify UE Tx and Rx RF requirement covering operations at up to 6 GHz carrier [RAN4]
Two different scenarios are under consideration for V2V, licensed and unlicensed spectrum. In this contribution, we look at the RF regulatory requirements for ITS in the unlicensed bands. In particular, we look at the ETSI harmonized standard for ITS in Europe. The summary below is based on a draft version of  ETSI EN 302 571 V2.0.2 (2016-01) [2]. This is currently under approval procedure and will be the next version of the ETSI HS by June 2016.
Disscussion
In Europe, Intelligent Transport Systems (ITS) is specified in the ETSI HS between 5 855 GHz to 5 925 GHz, see Table 1. ECC Decision (08)01 [3] defines the spectrum usage conditions in the frequency range 5 875 GHz to 5 905 GHz 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 [4] recommends the spectrum usage of the frequency range 5 855 GHz to 5 875 GHz for non-asfety ITS. The Commission Decision 2008/671/EC [5] mandates a harmonized use of the frequency band 5 875 GHz to 5 905 GHz dedicated to safety-related ITS applications throughout the member states of the European Union. 
Table 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 [4]

	ITS-G5A
	5 875 MHz to 5 905 MHz
	ITS road safety
	Commission Decision
2008/671/EC [5],
ECC Decision (08)01 [3]

	ITS-G5D
	5 905 MHz to 5 925 MHz
	Future ITS applications
	ECC Decision (08)01 [3]



In the following, we review the regulatory comformance requirements specified in the harmonized standard EN 302 571 [2], which applies to radio transmitters and receivers for ITS operating in the frequency range 5 855 GHz to 5 925 GHz in Europe.
TX requirements
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.
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.
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.
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 chanel 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. 
[bookmark: _Ref447113532]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 3 and Table 4 tabulate transmitter unwanted emission limits in the spurious domain below 1 GHz and above 1 GHz, respectively. 
Table 3. 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
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Table 4. 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
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Table 5 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. 5815-5830MHz), see Table 5. 
Table 5. 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



The transmitter unwanted emission limits are depicted in Figure 1 for the 5 GHz ITS frequency band (ITS-G5A, ITS-G5B, and ITS

Transmitter spectrum mask within the 5 GHz ITS frequency band for 10 MHz channels
The spectrum mask in Table 5 applies within 5 855 MHz to 5 950 MHz according to ETSI EN 302 571 [2]. .We note that there may be a typo in the applicable range and this may be 855 MHz to 5 925 MHz
Table 5. Transmitter spectrum mask for 10 MHz channel bandwidth 
	Power Spectral Density at the carrier centre frequency fc (dBr)
	± 4,5 MHz
offset
(dBr)
	± 5,0 MHz
offset
(dBr)
	± 5,5 MHz
offset
(dBr)
	± 10 MHz
offset
(dBr)
	± 15 MHz
offset
(dBr)

	0
	0
	‑26
	‑32
	‑40
	‑50
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Conclusion 1: the TX requirements defined by ETSI need to be taken into account when specifying the 3GPP requirements for the ITS spectrum band
RX requirements
Receiver spurious emissions 
Receiver spurious emissions are emissions at any frequency when the equipment is in receive mode. 
Table 7 tablulates the limits that the receiver shall not exceed.
Table 7. 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



Receiver selectivity
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 [2] only provides the minimum required adjacent channel rejection parameters under specified conditions for receivers using the OFDM PHY specified in [6]
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 [2] only provides the minimum required alternate channel rejection parameters under specified conditions for receivers using the OFDM PHY specified in [6],
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.
The harmonized standard EN 302 571 [2] only provides the minimum required adjacent channel rejection parameters under specified conditions for receivers using the OFDM PHY specified in [6]
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 [2] only provides the receiver sensitivity requirements for receivers using the OFDM PHY specified in [6]
Conclusion 2: The RX selectivity and sensitivity as defined by the ETSI ITS HS considers OFDM PHY receivers. RAN4 needs to analyse and compare these with the corresponding LTE-based ITS requirements.   
Conclusion
In this contribution, we present a summary of the regulatory requirements for the 5.9GHz ITS band in Europe defined in Draft ETSI EN 302 571 V2.0.2 (2016-01). This is currently under approval and is expected to be made available publicly by June 2016
Conclusion 1: the TX requirements defined by ETSI need to be taken into account when specifying the 3GPP requirements for the ITS spectrum band
Conclusion 2: The RX selectivity and sensitivity as defined by the ETSI ITS HS considers OFDM PHY receivers. RAN4 needs to analyse and compare these with the corresponding LTE-based ITS requirements.   
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