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1.	Introduction
[bookmark: _Ref352842173]The LTE Work Item entitled “LTE-based V2X Services” [1] (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) has been approved for 3GPP Release 14 with the objectives to specify enhancements to both Uu transport and PC5 transport in E-UTRAN to support LTE-based V2X (V2V, V2I/N, and V2P).  
From [1], RAN4 has a mandate to investigate and complete the following objectives:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
This work item should take into account the functionalities that are to be specified in the related work on sidelink V2V. This work item should also incorporate the important aspects that cannot be completed on time in V2V WI, if any, subject to decision by RAN plenary.
This contribution discusses the relevant V2X scenarios and adjacent channel co-existence assumptions to be employed by RAN4 in Release 14 for the analysis of V2X performance.

2.	V2X Scenarios
The  study report 3GPP TR36.885 [3] identifies three categories of V2X communication which are defined as detailed below and illustrated in Figure 1:
a) V2V: covering LTE-based communication between vehicles.
b) V2P: covering LTE-based communication between a vehicle and a device carried by an individual (e.g. handheld terminal carried by a pedestrian, cyclist, driver or passenger). 
c) V2I: covering LTE-based communication between a vehicle and a roadside unit. 
[image: ]
Figure 1: Types of V2X (V2V, V2P, and V2I)  

For each of these possible deployment scenarios, TR36.885 discusses the trade-offs of a number of factors including: 
(1) The possible operation bands. In broad terms the operation bands can be on legacy LTE spectrum, nominally in the 1 to 2 GHz range, or on new higher frequency spectrum, nominally in the 5 to 6 GHz range. Spectrum in the 5 to 6 GHz range can be dedicated licensed spectrum or also possibly unlicensed spectrum supporting for example LAA in combination with a licensed carrier. For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2X operation in both 5 GHz and legacy RAN4 band classes be considered. Additional details are provided in [3].
(2) 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 RF requirements analysis in RAN4 for Release 14, it is proposed that V2X communication over PC5 and V2I over Uu on the same single carrier be initially considered. 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.
(3) 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.  
For the RF requirements analysis in RAN4 for Release 14, it is proposed that initially V2X operation over PC5 be assumed for a single operator on a single carrier. Scenarios with multiple operators can also be considered as a second priority.
(4) 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 RF requirements analysis in RAN4 for Release 14, it is proposed that V2V operation over PC5 and V2X Uu be 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.
(5) Single versus multiple eNB V2I communication: V2I communications can be on one or more than one eNB, served by the same or different carriers, served by the same or different operators.
For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 
(6) Coverage considerations:  V2I communications is by definition in coverage of a serving network cell, whereas V2V communication can be in-coverage, in partial coverage ( i.e. one of the nodes in the V2V communication is within coverage of an eNB) or out-of-coverage (OOC).
Based on the above discussion, the following proposals are put forward for approval:

Proposal #1:
· For the RF requirements analysis in RAN4 for Release 14 it is proposed that V2X operation in both the 5 GHz and legacy RAN4 band classes be considered. 
Proposal #2:
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2X communication over PC5 and V2I over Uu on the same single carrier be initially considered. Deployments with V2V on PC5 and V2I on Uu over multiple carriers are also to be considered as a second priority.
Proposal #3
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that initially V2X operation over PC5 or Uu be assumed for a single operator on the same single carrier. Scenarios with multiple operators are also to be considered as a second priority.
Proposal #4
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2V operation over PC5 and V2X Uu is supported on the same carrier. Scenarios with V2V operation over PC5 and V2X operation over Uu with separate multiple operators are also to be considered as a second priority.
Proposal #5
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 
Proposal #6
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with LTE-based V2X transmitting on a single licensed carrier at a power of 33 dBm and acting as an aggressor network to a victim legacy LTE network be investigated with high priority.





3.	Discussion of V2X Co-existence Analysis 
As part of the analysis for the Work Item on “V2V Services on the LTE Sidelink” [2] detailed simulation assumptions were defined and agreed to for adjacent channel co-existence analysis of V2V implementations for both legacy licensed band LTE and unlicensed V2V services at 5.9 GHz as defined in [7]. 
In 3GPP RAN4 the co-existence evaluation methodology has been based on the methods and assumptions defined in 3GPP TR36.942 [4]. Furthermore, in TR36.885 [3] Appendix A, detailed assumptions are defined on use case scenarios, channel models, deployment scenarios, as well as drop and mobility models for the simulation of V2V performance.  It is proposed that these assumptions be adopted for the Release 14 RAN4 co-existence analysis for V2X operation. Table 1 below summarizes the specific references for the given requirements. In particular, the co-existence impact of PC5 based V2X on legacy Uu operations needs to be assessed.

Table 2: V2X Simulation Assumptions
	Parameter
	Assumption

	Evaluation Scenarios
	TR 36.785 and TR36.885 Appendix A.1.1

	UE Drop and Mobility Model
	TR 36.785 and TR36.885 Appendix A.1.2

	eNB and RSU deployment
	TR 36.785 and TR36.885 Appendix A.1.3

	V2V and V2I Channel Model
	TR 36.785 and TR36.885 Appendix A.1.4

	Traffic Model
	TR 36.785 and TR36.885 Appendix A.1.5



Proposal #7:
· The RAN4 Release 14 co-existence evaluation methodology shall be based on the methods and assumptions defined in 3GPP TR36.942.
Proposal #8:
· For RAN4 Release 14 co-existence evaluations, the use case definitions, channel models and deployment scenarios of TR36.785 are to be employed as a basis for V2X adjacent channel co-existence simulation assumptions.

3	Conclusions
The following proposals should be taken into consideration when defining the Release 14 V2X RF co-existence requirements:
Proposal #1:
· For the RF requirements analysis in RAN4 for Release 14 it is proposed that V2X operation in both the 5 GHz and legacy RAN4 band classes be considered. 

Proposal #2:
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2X communication over PC5 and V2I over Uu on the same single carrier be initially considered. Deployments with V2V on PC5 and V2I on Uu over multiple carriers are also to be considered as a second priority.
Proposal #3
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that initially V2X operation over PC5 or Uu be assumed for a single operator on the same single carrier. Scenarios with multiple operators are also to be considered as a second priority.
Proposal #4
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2V operation over PC5 and V2X Uu is supported on the same carrier. Scenarios with V2V operation over PC5 and V2X operation over Uu with separate multiple operators are also to be considered as a second priority.
Proposal #5
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 
Proposal #6
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with LTE-based V2X transmitting on a single licensed carrier at a power of 33 dBm and acting as an aggressor network to a victim legacy LTE network be investigated with high priority.
Proposal #7:
· The RAN4 Release 14 co-existence evaluation methodology shall be based on the methods and assumptions defined in 3GPP TR36.942.
Proposal #8:
· For RAN4 Release 14 co-existence evaluations, the use case definitions, channel models and deployment scenarios of TR36.785 are to be employed as a basis for V2X adjacent channel co-existence simulation assumptions.
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