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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 V2X scenarios to be employed for RAN4 RF 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 of 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. 
As discussed in [4] the  study report 3GPP TR36.885 [5] 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. 
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Figure 1: Types of V2X (V2V, V2P, and V2I) [2] 

In addition to the above categories of V2X, communication by V2X can be defined in terms of 3 different coverage scenarios; namely in-coverage (i.e. inter-cell), partial coverage (i.e. cell-edge) and out-of-coverage (OOC) as illustrated in Figure 2 below.
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Figure 2: V2X coverage scenarios
3.
Discussion of V2X Scenarios 
In [5] 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
From the WID [2] it should be noted as discussed in section 2 above that in addition to considering the analysis of V2V services, extensions to V2I and V2P are to be considered as well. For the initial adjacent channel co-existence analysis in RAN4, it is proposed that scenarios with V2V services be considered as a first priority and scenarios with V2I and V2P services be considered as a second priority. 

From a coverage perspective, as noted above, V2V can be in-coverage of its serving network, in-partial coverage of its serving network, or out-of-coverage of its serving network. The coverage of the V2V service may impact the complexity of signalling, synchronization and power control of the transmitting V2V device. For the purpose of initial V2V co-existence analysis it is proposed that scenarios for which V2V is in-coverage be considered.
Observation #1:

· The work item on V2V covers analysis of V2V services as well as extensions to V2I and V2P. 
Proposal #1:

· For RAN4 adjacent channel co-existence analysis, scenarios with V2V services are to be considered as a first priority, and scenarios with V2I and V2P services be considered as a second priority.
Proposal #2:

· For RAN4 adjacent channel co-existence analysis, scenarios with V2V services in coverage of its serving network are to be considered as a first priority. 
For each of these possible deployment scenarios, TR36.885 [5] discusses the trade-offs of a number of factors including possible operating bands as well as multi-carrier and multi-operator scenarios.
For the adjacent channel co-existence and RF requirements analysis in RAN4 for Release 14, it is proposed that initially V2V operation over PC5 be assumed for a single operator on the same single carrier as the serving legacy LTE network in the licensed bands. Note that scenarios considering multiple carrier and multiple operator (i.e. different PLMNs) are considered in [7]. 

As discussed in [6] the V2V 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 unlicensed spectrum supporting ITS services. 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. 
Observation #2:

· From the WF [3], co-existence of licensed band V2V UEs as an aggressor to legacy LTE basestations is to be considered as a first priority scenario.
Furthermore in this context, for the 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 as the legacy LTE serving network be initially considered. 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. 
Proposal #3:

· For adjacent channel co-existence and RF requirements analysis in RAN4 for Release 14, it is proposed that licensed band V2V communication over PC5 on the same single carrier as the serving legacy LTE network be considered as a first priority.
For V2I operation it is possible that the V2I communication to multiple basestations is supported simultaneously (i.e. a transmission from a vehicle to multiple eNBs). For the initial RF requirements and adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 

Proposal #4

· For the adjacent channel co-existence and RF requirements analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 

For V2V communication over PC5, adjacent channel co-existence will need to be considered both for V2V as an aggressor onto adjacent channel legacy LTE victim networks as well as the impact of transmissions of aggressor adjacent channel legacy networks onto victim network V2V transmissions. For scenarios in which the V2V transmissions over PC5 act as an aggressor, the V2V transmissions can impact both Uu uplink transmissions in the legacy LTE network as well as PC5 D2D sidelink transmissions in the adjacent channel  legacy LTE network. The basic scenario is illustrated in Figure 3 below: 
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Figure 3: Co-existence scenario with V2V over PC5 as an aggressor to a legacy LTE network.

In the WF [3], no agreement was reached in RAN4#78 with regard to adjacent channel co-existence analysis for unlicensed band V2V. In [6], the issues related to the support of V2V in unlicensed bands are discussed including support of V2V in ITS bands, the support of V2V in 802.11p as well as safety versus non-safety V2V use cases. From a co-existence perspective, LTE-based ITS (i.e.V2V) in unlicensed bands will likely need to co-exist with 802.11p and as such scenarios in which LTE-based ITS transmissions acting as an aggressor to 802.11p as well as LTE-based ITS being a victim from 802.11p aggressor transmissions should be analysed.
From a safety versus non-safety perspective, given the importance of and time critical nature of ITS safety transmissions it is proposed that adjacent channel co-existence analysis between non-safety ITS and safety ITS be considered separately. 
A summary of possible aggressor network versus victim network scenarios for adjacent channel co-existence analysis is summarized in Table 1 below. Based on the agreed WF [3] and the discussion above it is recommended that indicated high priority scenarios be analyzed from an adjacent channel  co-existence perspective in RAN4. Note that all of the scenarios in Table 1 are assumed to be a comprised of single serving carrier for V2V and/or legacy networks. Unlicensed V2V is assumed to be LTE-based ITS.
Table 1: Proposed V2X Scenario Options Adjacent Channel Co-existence Analysis
	Scenario
	Licensed vs unlicensed
	Aggressor Network
	Co-existing Victim Network

	Priority

	
	
	
	
	

	V2V on PC5
	licensed
	V2V
	Legacy LTE on Uu
	High

	V2V on PC5
	licensed
	V2V
	D2D on PC5 sidelink in a legacy licensed LTE network
	medium

	V2V on PC5
	licensed
	Legacy LTE Uu
	V2V on PC5
	medium

	V2V on PC5
	licensed
	Legacy LTE D2D
	V2V on PC5
	medium

	V2I on Uu
	licensed
	V2I on Uu
	Legacy LTE on Uu
	high

	V2I on Uu
	licensed
	V2I on Uu
	D2D on PC5 sidelink in a legacy licensed LTE network
	medium

	V2V on PC5
	unlicensed
	LTE-based V2V (safety)
	V2V on 802.11p (safety)
	High

	V2V on PC5
	unlicensed
	LTE-based V2V (safety)
	V2V on 802.11p (non-safety)
	medium

	V2V on PC5
	unlicensed
	LTE-based V2V (non-safety)
	V2V on 802.11p (safety)
	high

	V2V on PC5
	unlicensed
	LTE-based V2V (non-safety)
	V2V on 802.11p (non-safety)
	medium

	V2V on PC5
	unlicensed
	V2V on 802.11p (safety)
	LTE-based  V2V (safety)
	high

	V2V on PC5
	unlicensed
	V2V on 802.11p (safety)
	LTE-based  V2V (non-safety)
	medium

	V2V on PC5
	unlicensed
	V2V on 802.11p (non-safety)
	LTE-based  V2V (safety)
	high

	V2V on PC5
	unlicensed
	V2V on 802.11p (non-safety)
	LTE-based V2V (non-safety)
	medium

	V2V on PC5
	unlicensed
	LTE-based V2V (safety)
	LTE-based V2V (safety)
	medium

	V2V on PC5
	unlicensed
	LTE-based V2V (non-safety)
	LTE-based V2V (non-safety)
	medium

	V2V on PC5
	unlicensed
	LTE-based V2V (non-safety)
	LTE-based V2V (safety)
	medium

	V2V on PC5
	unlicensed
	LTE-based V2V (safety)
	LTE-based V2V (non-safety)
	medium


Based on the summary in Table 1, the following proposals are made:
Proposal #5

· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with LTE-based V2V transmitting on a single licensed carrier and acting as an aggressor network to a victim legacy LTE network be investigated with high priority.
Proposal #6
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with LTE-based V2V transmitting on a single licensed carrier and acting as an aggressor network to a victim LTE network supporting D2D on PC5 be investigated.
Proposal #7
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with LTE-based V2V transmitting on a single unlicensed carrier and acting as an aggressor network to a victim network supporting V2V over 802.11p be investigated.
Proposal #8

· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that the analysis between LTE-based V2V and 802.11p based V2V networks differentiate between safety and non-safety operation.
Proposal #9
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with V2V transmitting on a single licensed or unlicensed carrier and acting as an aggressor network to a victim network supporting V2V over LTE be investigated.
3
Conclusions
The following observations and proposals should be taken into consideration when defining the Release 14 V2X RF and adjacent channel co-existence requirements:

Observation #1:

· The work item on V2V covers analysis of V2V services as well as extensions to V2I and V2P. 
Observation #2:

· From the WF [3], co-existence of V2V UEs as an aggressor to legacy LTE BS is to be considered as a first priority scenario. 

Proposal #1:

· For RAN4 adjacent channel co-existence analysis, scenarios with V2V services are to be considered as a first priority, and scenarios with V2I and V2P services be considered as a second priority.
Proposal #2:

· For RAN4 adjacent channel co-existence analysis, scenarios with V2V services in coverage of its serving network are to be considered as a first priority. 
Proposal #3:

· For adjacent channel co-existence and RF requirements analysis in RAN4 for Release 14, it is proposed that licensed band V2V communication over PC5 on the same single carrier as the serving legacy LTE network be considered as a first priority.
Proposal #4

· For the adjacent channel co-existence and RF requirements analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 

Proposal #5

· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with LTE-based V2V transmitting on a single licensed carrier and acting as an aggressor network to a victim legacy LTE network be investigated with high priority.
Proposal #6
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with LTE-based V2V transmitting on a single licensed carrier and acting as an aggressor network to a victim LTE network supporting D2D on PC5 be investigated.
Proposal #7
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with LTE-based V2V transmitting on a single unlicensed carrier and acting as an aggressor network to a victim network supporting V2V over 802.11p be investigated.
Proposal #8

· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that the analysis between LTE-based V2V and 802.11p based V2V networks differentiate between safety and non-safety operation.
Proposal #9
· For adjacent channel co-existence analysis in RAN4 for Release 14, it is proposed that scenarios with V2V transmitting on a single licensed or unlicensed carrier and acting as an aggressor network to a victim network supporting V2V over LTE be investigated.
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