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1.
Introduction

As per the LTE Work Item entitled “Support for V2V services based on LTE sidelink” [1] LTE-based V2X (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) is in demand  from a market requirement perspective as widely deployed LTE-based networks provide the opportunity for the automotive industry to realize V2X functionality. As noted in [1] the market for V2V communication in particular is time sensitive due to related research, field tests, and regulatory work that is currently ongoing or expected to commence. 
From [1], RAN4 has a mandate to investigate and complete the following objectives:

1) To specify UE Tx and Rx RF requirements covering operations at up to 6 GHz carrier [RAN4]
2) To specify RRM core requirements [RAN4]
The work item should cover V2V services both with and without LTE network coverage, and cover both the operating scenarios where the carrier(s) is/are dedicated to V2V services and the operating scenarios where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. This work should consider extensions to V2I/V2P. This work should also consider progress in SA WGs.
The specified enhancements should reuse the existing features of LTE as much as possible. 
This contribution discusses considerations for V2X frequency band operation and possible adjacent bands that should be considered for co-existence analysis.
2.
Discussion of V2X Candidate Bands
2.1 
European ITS Candidate Bands for V2X
TR36.889 [7] details the current 5 GHz spectrum allocation in Europe as well as the proposed CEPT allocations to be studied. 

In this context the European Commission has recently submitted to CEPT a mandate to study the conditions for the extension of the 5 GHz range designated for WAS/RLANs in order to allow the use by WAS/RLANs of the entire 5150-5925 MHz band. Figures 1 and 2 below summarize those allocations respectively from [7].
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Figure 1: 5 GHz spectrum allocations in Europe.
.
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Figure 2: Summary of existing and proposed EU regulations for WAS/RLANs in the 5GHz band
As per [3] and the  ITS G5 Working Group discussions ERC/REC 70-03 [4], the frequency band of 5795-5805 MHz has been designated, with possible extension to 5815 MHz, for TTT (Transport and Traffic Telematics). The band 5795-5805 MHz is for use by initial road-to-vehicle systems, in particular road toll systems, with an additional sub-band, 5805-5815 MHz, to be used on a national basis to meet the requirements of multi-lane road junctions. The regulatory parameters (maximum power levels) for TTT are given in Annex 5 of ERC/REC 70-03 [4]. The TTT parameters are also specified in EN 300 674 [5] developed by ETSI and the EN 12253 [6] developed by CEN. It should be noted that the EN 300 674 [5] deals with both Road Side Units (RSU) and On-Board Units (OBU).
The band 5795 MHz to 5805 MHz has been harmonized for the use by Transport and Traffic Telematics (TTT), also called CEN DSRC, by the EC Decision 2013/752/EU (amending EC Decision 2006/771/EC on Short Range Devices) and the band 5795 MHz to 5815 MHz has been designated for TTT use by ERC Recommendation 70-03 [4] (Annex 5), which is primarily used for road charging systems in Europe and elsewhere. By issuing the Directive 2004/52/EC of the European Parliament and of the Council and Commission Decision 2009/750/EC the European Union has pointed to TTT as a candidate to be used for road charging systems in Europe.

The ITS Spectrum allocations are covered by ECC/DEC/(08)01 amended 3 July 2015 (5875 – 5925 MHz) and ECC/REC/(08)01 amended 3 July 2015 (5855 – 5875 MHz). It recommends the frequency sub-band 5855 – 5875 MHz for ITS non-safety applications, designates the frequency sub-band 5875-5905 MHz on a non-exclusive basis for ITS traffic safety applications and considers the designation of the frequency sub-band 5905-5925 MHz for an extension of ITS spectrum noting that protection of ITS cannot be ensured in this sub-band. Additionally ECC Decision ECC/DEC/(09)01 allocates the 63-64GHz band for direct V2X traffic safety and management related communication systems. In addition it has been recommended that the 5855-5875 MHz, 5905-5925 MHz and the 63-64 GHz bands need to be designated to cope with future capacity demand for C-ITS services.
Observation#1:

· The ITS G5 Working Group has designed frequency bands 5795-5815 MHz and 5855-5925 MHz as candidate bands for V2X applications.

An additional major consideration of the above working group discussions has been the co-existence of the above-mentioned applications in their respective frequency bands. Furthermore in ETSI TR 103 319 [9] mitigation techniques to ensure co-existence between 5.8 GHz DSRC tolling applications and 5.9 GHz ITS applications have been identified. The approach that was developed to ensure the co-existence between 5.8 GHz tolling CEN DSRC and 5.9 GHz ITS is reflected in the update of the corresponding ECC DEC (08)01 and ECC REC (08)01 regulations and ETSI Technical Specifications TS 102 792.
Observation#2:

· Mitigation techniques to ensure co-existence between 5.8 GHz tolling DSRC and 5.9 GHz ITS applications have been identified by ETSI.

2.1.2 WAS/RLAN expansion in the 5 GHz band

The extension of Wireless Access Systems / Radio Local Area Networks (WAS/RLAN) bands for wireless broadband poses a certain risk if no appropriate mitigation measures can be assured with incumbent services and applications. This is especially true for EU priority services and applications, in particular the planned introduction of Global Monitoring for Environment and Security (GMES) in the band 5350-5450 MHz, the use of C-ITS services, including safety-related IEEE802.11p/ETSI ITS-G5 applications in the frequency band 5855-5925 MHz and the usage of TTT (Transport and Traffic Telematics) applications like electronic tolling in the 5795-5815 MHz and other current civil and/or military radio systems to which the bands 5350-5470 MHz and 5725-5925 MHz and adjacent bands have already been assigned or designated.

To enable an efficient use of the spectrum the European Commission has issued a Mandate to CEPT (RSCOM13-32rev3) to study and identify harmonised use and sharing conditions for spectrum use by Wireless Access Systems including Radio Local Area Networks in the bands 5350-5470 MHz and 5725-5925 MHz (WAS/RLAN extension bands) for the provisioning of wireless broadband services while ensuring uninterrupted robust operation of the GMES, IEEE802p/ETSI ITS-G5 and TTT services and applications. It was decided at the RSC#54 meeting on 9 December 2015 that the response on the Mandate should be delivered by CEPT by the end of 2016.
Observation#3:

· 5 GHz ITS applications will need to co-exist with Radio Local Area Networks in the band 5350-5470 MHz and 5725-5925 MHz
It should be noted that ITS is included for the agenda of the World Radio Conference in 2019 to consider possible global or regional harmonized frequency bands, to the maximum extent possible, for the implementation of evolving Intelligent Transport Systems (ITS) under existing mobile-service allocations, in accordance with Resolution COM6/13 (WRC-15)

RLAN is also included for the agenda of the World Radio Conference in 2019 [11] to consider issues related to wireless access systems, including radio local area networks (WAS/RLAN), in the frequency bands between 5150 MHz and 5925 MHz, and take the appropriate regulatory actions, including additional spectrum allocations to the mobile service, in accordance with Resolution COM6/22 (WRC-15) [10].  In this context there are also currently discussions in BRAN for mitigation techniques between RLAN and ITS and one of the scenarios under discussion is LAA and V2V. In addition co-existence of V2V and LAA is a use case for study in WRC-19 [11]. Additional details of potential co-existence scenarios can be found in ECC Report 244 [12].
2.1.3 
Short Range Communication
Given that the 5.9 GHz frequency band supports short range communications between vehicles, between vehicles & roadside equipment and other transportation users it is important to ensure that the same communication system is used by all users within that frequency band. Agreement has been reached within the ITS G5 Working Group that for short-range communications in the 5.9 GHz band the communication system to be used initially is IEEE802.11p/ETSI ITS-G5. This access technology is the most mature and closest to deployment, based on experiences in various demonstration projects.

Observation#4:

· The ITS G5 Working Group has recommended that for short-range communications in the 5.9 GHz band the communication system to be used initially is IEEE802.11p/ETSI ITS-G5.
2.2
V2X in the USA
Figure 3 below summarizes the existing and proposed FCC part 15 rules for 5 GHz unlicensed spectrum usage in the USA.
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Figure 3: Summary of existing and proposed new FCC part 15 rules for 5GHz unlicensed spectrum usage
In [8] the FCC has raised concerns over the viability of DSRC technology and its exclusive use of the 5 GHz bands. Furthermore the FCC supports sharing of the 5 GHz band and that “as the Commission considers the best way to share the 5.9 GHz band with nonautomotive users, we must ensure that the DSRC technology focuses on human safety, which needs to be defined reasonably, but narrowly. For Commission purposes, safety does not include functions better suited for commercial spectrum bands and partnerships with commercial wireless providers.” Furthermore feedback was provided that the FCC won’t be tied to any future upper 5 GHz decisions from WRC.

Observation#5:

· FCC band proposals for V2V in 5 GHz may not be harmonized with European proposals.
2.3
V2X in the Asia
The 5150-5350 MHz frequency band is open to unlicensed WAS/RLANs indoor deployment in China and may be a candidate for ITS operation. Additionally licensed bands may also be considered. 
ITS studies in Japan have identified the frequency band of 755.5 to 764.5 MHz as a candidate for V2X functionality, based on the fact that it provides superior non-line-of-site  (NLOS) performance with respect to V2X implementation in 5 GHz or higher frequency bands.
It should be noted that the above frequency bands are candidates for the full range of V2X functionality (i.e. V2V, V2I and V2P) over either a PC5 interface or a Uu interface. In addition to the above bands, V2X functionality could also be supported on legacy LTE bands. The selection of legacy candidate bands for V2V operation is TBD pending operator input.
3
Summary of V2X Candidate Bands
Table 1 below summarizes the candidate bands discussed above in section 2.

Table 1: Summary of Candidate V2X Bands

	Service
	Region
	Band
	Usage

	ITS 5 GHz
	Europe
	5795 – 5805 MHz

5805 – 5815 MHz as a possible extension


	

	
	
	5855 - 5905 MHz
	ITS safety and non-safety  applications

	ITS
	China
	5150 – 5350 MHz
	Under consideration

	ITS
	Japan
	755 – 765 MHz
	

	ITS and DSRC
	USA
	5 GHz unlicensed band
	


Based on the discussion in Section 2, the following proposals are recommended.
Proposal #1:

· The candidate frequency bands identified in Table 1 be employed for the initial RAN4 RF analysis of V2X functionality.
Proposal #2:

· The selection of additional legacy candidate bands for RAN4 RF analysis of V2V operation is TBD pending operator input.
Proposal #3:

· Co-existence analysis between the band classes identified in Table 1 and Radio Local Area Networks operating in the bands 5350-5470 MHz and 5725-5925 MHz be carried out in RAN4.
3
Conclusions
The following observations and proposals should be taken into consideration when defining the Release 14 V2X RF requirements:

Observation#1:

· ITS has designed frequency bands 5795-5815 MHz and 5855-5925 MHz as candidate bands for V2X applications.

Observation#2:

· Mitigation techniques to ensure co-existence between 5.8 GHz tolling DSRC and 5.9 GHz ITS applications have been identified by ETSI.

Observation#3:

· 5 GHz ITS applications will need to co-exist with Radio Local Area Networks in the band 5350-5470 MHz and 5725-5925 MHz
Observation#4:

· The ITS G5 Working Group has recommended that for short-range communications in the 5.9 GHz band the communication system to be used initially is IEEE802.11p/ETSI ITS-G5.
Observation#5:

· FCC band proposals for V2V in 5 GHz may not be harmonized with European proposals.
Proposal #1:

· The candidate frequency bands identified in Table 1 be employed for the initial RAN4 RF analysis of V2X functionality.
Proposal #2:

· The selection of additional legacy candidate bands for RAN4 RF analysis of V2V operation is TBD pending operator input.
Proposal #3:

· Co-existence analysis between the band classes identified in Table 1 and Radio Local Area Networks operating in the bands 5350-5470 MHz and 5725-5925 MHz be carried out in RAN4.
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