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1.
Introduction

As per the revised LTE Work Item entitled “Revised WID: Support for V2V services based on LTE sidelink” [2] LTE-based V2X (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) functionality is to be defined as part of Release 14. 
This contribution discusses possible V2V multi-carrier scenarios and the possible impact on RAN4 RF requirements analysis in Release 14.

2.
Background
From [2], RAN4 has a mandate to investigate and complete the following objectives:

1) To specify a solution/requirement (if needed) for coexistence of PC5-based V2V operation and legacy Uu operation with LTE in the same carrier frequency [RAN1] and in an adjacent carrier frequency [RAN4] 
2) To specify UE Tx and Rx RF requirements covering operations at up to 6 GHz carrier [RAN4]
3) To specify RRM core requirements [RAN4]
4) To specify a solution/requirement for coexistence of LTE-based ITS operation and IEEE 802.11p on adjacent carrier frequencies within the 5.9GHz ITS spectrum. [RAN4] 
5) To specify a solution/requirement for co-channel coexistence of LTE-based ITS operation and IEEE 802.11p within the 5.9GHz ITS spectrum. [RAN1, 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. 
Furthermore at RAN4#78, a number of assumptions with regard to simulation V2V adjacent channel co-existence performance were agreed to in the WF [3] from RAN4#78, namely, the following scenarios for evaluation of co-existence:

· Coexistence scenarios
· 1st Scenario (Aggressor-Victim) in licensed band
· V2V UE-to-LTE BS
· LTE-UE-to-V2V UE
· 2nd Scenario (Aggressor-Victim) in unlicensed band
· Need further discussions to define the coexistence scenarios in unlicensed band. 
2.
Discussion of V2X Scenarios 
In [2] a number of scenarios are identified for possible deployment of V2X services; namely,
a) V2V on PC5 

b) V2I on Uu

c) V2X supporting both PC5 and Uu

Furthermore, TR36.885[5] details V2V scenarios for multi-carrier and multi-operator support.
Multi-carrier scenarios for V2V can occur for both PC5 LTE-based licensed V2V, V2V over unlicensed carriers supporting ITS functionality as well as V2I over Uu. A plausible scenario is for LTE-based V2V to be supported on a first serving carrier and legacy LTE supported on a second serving carrier. This type of scenario is supported in D2D as specified in TS36.101 section 5.5.D
TR36.885 [2] discusses the trade-offs of a number of factors including: 

Single versus Multiple Carrier Operation: Multiple carrier operation can support a number of configurations including for example: 

(a)  V2V communication over PC5 on multiple carriers; 

(b)  V2V communication over PC5 and V2I over Uu both on the same single carrier
(c)  V2V communication over PC5 and V2I over Uu, each on a separate carrier
For the adjacent channel co-existence as well as RF requirements analysis in RAN4 for Release 14, it is proposed that V2V communication over PC5 and V2I over Uu on the same single carrier be initially considered as discussed in [7]. Deployments with V2V on PC5 and V2I on Uu over multiple carriers can also be considered as a second priority. Note that in the above discussions V2I is assumed to be supporting eNB type road side units (RSU’s). For UE type RSUs, the PC5 interface could also be considered for V2I scenarios. 
Additionally in the unlicensed band at 5GHz, it may be possible to have simultaneous transmissions on more that one V2V band such as LTE-based ITS (i.e. V2V) or 802.11p based V2V. For example V2V communications could be supported on a first serving carrier acting as a Pcell, in combination with one or more additional carriers supporting V2V communication as Scells. It is proposed that a scenario with V2V simultaneously transmitting on multiple bands be considered as an aggressor network for co-existence analysis with legacy LTE as a victim network. For scenarios in which simultaneous transmission of V2V messages occur on multiple carriers, the level of interference to victim networks could increase. In particular RAN4 should assess, from an adjacent channel co-existence perspective, the potential impact to co-located legacy LTE networks from multiple aggressor V2V transmissions. 
Single Versus Multiple Operators: Single or multiple operator deployments can support a number of configurations including for example: 
(a)  V2V communication over PC5 on one or more carriers employing a single operator; 

(b)  V2V communication over PC5 on one or more carriers employing different operators on different carriers; 

(c)  V2V communication over PC5 on a first carrier supported by a first operator, as well as V2I communication over Uu on a second carrier supported by a second operator.  
As part of the multi-carrier scenarios discussed above, the PLMN’s of multi-carrier V2V may be the same for each carrier or have unique PLMNs for each carrier. For the adjacent channel co-existence as well as RF requirements analysis in RAN4 for Release 14, it is proposed that initially V2V operation over PC5 be assumed for a single operator on a single carrier [7]. Scenarios with multiple operators can also be considered as a second priority.  
Co-existence with Uu communications: V2V communication over PC5 and/or V2X over Uu can co-exist with legacy Uu communication on the same carrier or on different carriers.
For the adjacent channel co-existence and adjacent channel co-existence RF requirements analysis in RAN4 for Release 14, it is proposed that V2V operation over PC5 and V2X over Uu is assumed to be on the same carriers. Scenarios with V2V operation over PC5 and V2X operation over Uu with separate multiple operators can also be considered as a second priority.
Based on the discussion above Table 1 below summarizes V2V multi-carrier and multi-operator scenarios for consideration in RAN4 and a relative priority for each scenario. The list of potential scenarios is large and as such in Tables 2 and 3 we have highlighted high priority licensed and unlicensed V2V multi-carrier scenarios respectively. Note that for each scenario the impact on RF requirements will potentially need to be assessed separately.  
Table 1: Possible V2V Multi-carrier Scenario Options for RAN4 Release 14 Analysis
	Scenario
	Operation bands
	Single or multiple V2V carriers
	Single or multiple operators
	Single or multiple legacy LTE carriers
	Priority for analysis

	V2V on PC5
	Licensed 
	single
	single
	V2V on same carrier and PLMN as legacy LTE
	High

	V2V on PC5
	Licensed 
	Single V2V carrier 
	single
	Legacy LTE on different single carrier and same PLMN as V2V
	High

	V2V on PC5
	unlicensed
	2 or more V2V carriers 
	single
	Legacy LTE on different single carrier as V2V carriers and same PLMN 
	High

	V2V on PC5
	Licensed 
	Single V2V carrier 
	multiple
	Legacy LTE on different single carrier and different PLMN as V2V
	Medium

	V2V on PC5
	unlicensed
	Single LTE basedV2V carrier (safety) 
	multiple
	LTE based V2V on different single carrier and different PLMN as V2V (safety)
	Medium

	V2V on PC5
	unlicensed
	Single LTE basedV2V carrier (non-safety) 
	multiple
	LTE based V2V on different single carrier and different PLMN as V2V (non-safety)
	Medium

	V2V on PC5
	unlicensed
	Single LTE basedV2V carrier (safety) 
	multiple
	LTE based V2V on different single carrier and different PLMN as V2V (non-safety)
	Medium

	V2V on PC5
	unlicensed
	Single LTE basedV2V carrier (non-safety) 
	multiple
	LTE based V2V on different single carrier and different PLMN as V2V (safety)
	Medium

	V2V on PC5
	unlicensed
	2 or more LTE based V2V carriers (Safety) 
	multiple
	802.11p on different single carrier as V2V carrier(s) and different PLMN(s) as V2V (safety)
	High

	V2V on PC5
	unlicensed
	2 or more LTE based V2V carriers (non-Safety) 
	multiple
	802.11p on different single carrier as V2V carrier(s) and different PLMN(s) as V2V (non-safety)
	High

	V2V on PC5
	unlicensed
	2 or more LTE based V2V carriers (non-Safety) 
	multiple
	802.11p on different single carrier as V2V carrier(s) and different PLMN(s) as V2V (safety)
	High

	V2V on PC5
	unlicensed
	2 or more LTE based V2V carriers (Safety) 
	multiple
	802.11p on different single carrier as V2V carrier(s) and different PLMN(s) as V2V (non-safety)
	High

	V2V on PC5
	unlicensed
	LTE based V2V on different single carrier and different PLMN as V2V (safety)
	multiple
	Single LTE basedV2V carrier (safety) 
	Medium

	V2V on PC5
	unlicensed
	LTE based V2V on different single carrier and different PLMN as V2V (non-safety)
	multiple
	Single LTE basedV2V carrier (non-safety) 
	Medium

	V2V on PC5
	unlicensed
	LTE based V2V on different single carrier and different PLMN as V2V (non-safety)
	multiple
	Single LTE basedV2V carrier (safety) 
	Medium

	V2V on PC5
	unlicensed
	LTE based V2V on different single carrier and different PLMN as V2V (safety)
	multiple
	Single LTE basedV2V carrier (non-safety) 
	Medium

	V2V on PC5
	unlicensed
	802.11p on different single carrier as V2V carrier(s) and different PLMN(s) as V2V (safety)
	multiple
	2 or more LTE based V2V carriers (Safety) 
	Medium

	V2V on PC5
	unlicensed
	802.11p on different single carrier as V2V carrier(s) and different PLMN(s) as V2V (non-safety)
	multiple
	2 or more LTE based V2V carriers (non-Safety) 
	Medium

	V2V on PC5
	unlicensed
	802.11p on different single carrier as V2V carrier(s) and different PLMN(s) as V2V (safety)
	multiple
	2 or more LTE based V2V carriers (non-Safety) 
	Medium

	V2V on PC5
	unlicensed
	802.11p on different single carrier as V2V carrier(s) and different PLMN(s) as V2V (non-safety)
	multiple
	2 or more LTE based V2V carriers (Safety) 
	Medium


Based on the possible multi-carrier scenarios identified in Table 1 above, Table 2 and 3 below summarizes the specific multi-carrier scenarios that will have an impact on V2V adjacent channel co-existence analysis in licensed spectrum and unlicensed spectrum, respectively, and proposes priorities for analysis in RAN4. 
Table 2: Proposed V2V Licensed band Multi-carrier Scenarios for Adjacent Channel Co-existence Analysis 
	Scenario
	Licensed vs unlicensed
	Aggressor Network
	Co-existing Victim Network
	Priority

	
	
	
	
	

	V2V on PC5 with 2 or more V2V carriers
	licensed 
	V2V
	Legacy LTE on Uu
	High

	V2V on PC5 with 2 or more V2V carriers
	licensed
	V2V
	D2D on PC5 sidelink in a legacy licensed LTE network
	medium

	
	
	
	
	


Table 3: Proposed V2V Unlicensed band Multi-carrier  Scenarios for Adjacent Channel Co-existence Analysis 
	Scenario
	Licensed vs unlicensed
	Aggressor Network
	Co-existing Victim Network
	Priority

	V2V on PC5 with 2 or more V2V carriers
	unlicensed 
	LTE-based V2V (safety)
	V2V 802.11p (safety)
	High

	V2V on PC5 with 2 or more V2V carriers
	unlicensed 
	LTE-based V2V (non-safety)
	V2V 802.11p (non-safety)
	High

	V2V on PC5 with 2 or more V2V carriers
	unlicensed
	V2V 802.11p (safety)
	LTE-based V2V (safety)
	High

	V2V on PC5 with 2 or more V2V carriers
	unlicensed
	V2V 802.11p (non-safety)
	LTE-based V2V (non-safety)
	High


In Table 2, it is proposed that for licensed band V2V systems multi-carrier scenarios as aggressor networks impacting a single legacy LTE network and D2D on a legacy LTE network be investigated.
In Table 3, it is proposed that unlicensed band multi-carrier V2V systems acting as an aggressor network into an unlicensed band V2V victim network be investigated for both LTE-based V2V and 802.11p networks, for both non-safety and safety scenarios.
In the above tables we assume that the impact of LTE-based V2V or 802.11p (non-safety)  aggressor networks to V2V on 802.11p or LTE-based V2V (safety) victim networks is the same as the impact of LTE-based V2V or 802.11p (safety) aggressor networks to V2V 802.11p or LTE-based V2V (safety) victim networks and also that the impact of  LTE-based V2V or 802.11p (safety)  aggressor networks to V2V 802.11p or LTE-based V2V (non-safety) victim networks is the same impact as LTE-based V2V/11p (non-safety) aggressor networks  to V2V 802.11p/ LTE-based V2V (non-safety) victim networks ( i.e. the most relevant parameter is the nature of the protected system). 
Based on the summaries in Tables 1, 2 and 3, the following proposals are made.
Proposal #1
· For the adjacent channel co-existence and RF requirements analysis in RAN4 for Release 14, it is proposed that multi-carrier scenarios with V2V on separate carrier(s) from the serving LTE carrier be investigated. 

Proposal #2:

· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim legacy LTE network be investigated for licensed bands. 
Proposal #3
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim LTE networks supporting D2D on PC5 be investigated in licensed spectrum. 
Proposal #4
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim 802.11p networks supporting V2V and vice-versa, be investigated, for unlicensed spectrum. 
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Conclusions
The following proposals should be taken into consideration when defining the Release 14 V2X RF and adjacent channel co-existence requirements:

Proposal #1
· For the adjacent channel co-existence and RF requirements analysis in RAN4 for Release 14, it is proposed that multi-carrier scenarios with V2V on separate carrier(s) from the serving LTE carrier be investigated. 

Proposal #2:

· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim legacy LTE network be investigated for licensed bands. 
Proposal #3
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim LTE networks supporting D2D on PC5 be investigated in licensed spectrum. 
Proposal #4
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim 802.11p networks supporting V2V and vice-versa, be investigated, for unlicensed spectrum. 
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