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1. Introduction
RAN approved Rel-13 Study Item “FS_LTE_V2X (Feasibility Study on LTE-based V2X Services)” and the WID includes the following aspect which is planning to be finished in RAN1 #82 [1].
· To define the evaluation methodology for LTE-based V2V, V2I/N and V2P services to compare the performance of different technical options, including the following aspects: [RAN1]

1) Deployment scenarios, considering the above operating scenarios

2) Modeling of vehicle density and mobility 

3) Traffic models and performance metric

At least the aspects of the methodology relevant to PC5 for V2V shall target RAN#69, to enable completion of objective 2.
This paper discusses the operating scenarios, deployment scenarios that are key issues to progress the LTE V2X study item. 
2. Discussions
Vehicular communications are on the verge of commercial use in car industry as the standards related to C-ITS (Cooperative-Intelligent Transport Systems) were successfully developed and DSRC (Dedicated Short Range Communications) spectrums are allocated to IEEE 802.11p vehicular communications. 

LTE V2X study item is targeting at providing LTE transport for vehicular communications by using the potential capability of LTE. If we consider market trends related to vehicle industry, the study requires fast progress to shorten time to market. So, use cases and deployment priority should be discussed first to narrow down the scope of discussion based on SA1 LTE V2X TR [2].
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Figure 5.8.1-1: Road safety services via an eNB [2]
2.1 Operating Scenarios
According to the LTE V2X SID, the study item includes both dedicated carrier and shared carrier scenarios for LTE-based V2X services. However, the operating scenario should include additional scenario because the vehicular communication has to consider DSRC carriers. Moreover, each scenario would have various alternatives if we include carrier frequency (e.g. 2 GHz, 6 GHz), system bandwidth (e.g. 10 MHz, 20 MHz), and multiple carrier/PLMN features. We think the features can be handled separately in the performance metric discussion to focus on the operating scenarios. Then, the operating scenario can be divided into the following scenarios and briefly explains key features: 

· Dedicated carriers to LTE-based V2X: carriers are specifically allocated to LTE-based V2X communications.

· It can easily support V2X requirements since it doesn’t need to consider any collision or coexistence issues.
· It may be difficult to occupy frequency bands exclusively to LTE V2X services among various types of services.

· Shared carriers with normal LTE operation: the existing licensed LTE carriers are concurrently shared for LTE-based V2X communications.
· The approach can efficiently deploy LTE V2X systems by avoiding regulation issues.
· The performance of LTE V2X services may be seriously limited by higher priority LTE Uu communication.
· Shared carriers with non-LTE V2X communication: the existing DSRC carriers are used for LTE-based V2X communications (e.g. 5.850–5.925 GHz allocated for DSRC).

· It can provide common carriers to LTE-V2X communications among multiple operators which support LTE-V2X services.
· Regulation issue must be conducted to ensure coexistence with IEEE 802.11p based V2X.

Though we remind the result of Rel-12 ProSe, the spectrum issue may not be strictly handled by following the ProSe approach since the urgency of LTE V2X service would be different with Public Safety services. So, we need to clarify scenarios considering operator’s position and vehicle industry and then prioritise the operating scenarios at initial stage of the feasibility study. 

2.2 Deployment scenarios
LTE V2X SID includes both in-coverage and out-of-coverage scenarios in the deployment scenarios [2].
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Figure 5.13.1-1: Vehicles outside network coverage [2]
We think that the out-of-coverage scenario is essential for road safety services to cover coverage hole or rural areas. D2D spec. can support the scenario efficiently because the spec provides out-of-coverage operations with SyncRef UE and Autonomous Resource Selection mechanisms [3].
One concern is that which Release is used for V2V communication, Rel-12 or Rel-13. Using Rel-12 D2D spec. would be a straightforward approach because the Rel-12 is the stable spec. However, the Rel-12 may not provide indispensable features for LTE V2X operations assuming the following Rel-13 features:
· Priority handling: Rel-12 D2D doesn’t provide priority handling features that are requisite to road safety applications.

· UE-to-Network Relay: coverage extension by using Relays would enhance performance of V2X communications. 
If we are aiming at early deployments, Rel-12 D2D spec. can be a baseline for LTE V2X. However, the priority handling feature of Rel-13 D2D should be mandatorily supported for V2X requirements. In addition, UE-to-Network Relay can be considered as an optimization and Vehicle enabled UE can be a UE-to-Network Relay. 
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Figure 1. Relay Scenario
More specifically, type of cells can be considered whether a microcell is separately included in the deployment scenario. V2X services’ typical scenarios assume macro cells due to road traffic environments such as freeway and autobahn. Exceptions are the scenario related to parking lots (5.9 Automated Parking System in SA1 TR) [2]. Though it is a V2I service scenario, indoor micro cell case can be discussed as a deployment scenario.
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Figure 2. Indoor Micro Cell Scenario

2.3 Challenges
SA1 TR includes link-layer parameters that can be referenced in RAN for V2X communications [2].
Table A.1: Example parameters for V2X Services [2]
	
	Effective range
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	100ms
	90%

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	100ms
	95%


Additionally, the TR includes potential requirements for V2X, V2I, and V2P use cases. So, it will be a starting point for summarizing challenges which should be evaluated in the feasibility study.
Furthermore, the following issues should be included in the LTE V2X challenges because the issues are different between D2D ProSe environments.
· Capacity: the number of users that the LTE V2X can support may be different where D2D ProSe Communication assumes smaller amount of users (e.g. 50-70 uses). In order to accommodate many vehicle users, capacity should be evaluated as a challenge.   
· Protocol architecture: the existing C-ITS researches consider non-IP protocol stacks to reduce latency and signaling overheads. If LTE V2X assumes those kinds of application layers, the design complexity of LTE transport may be unavoidable. So, RAN needs to discuss whether IP or non-IP protocols are considered for LTE V2X communications.
· Unicast: most V2V communications uses broadcast type transmission. But there exists uses cases which require 1-to-1 communications, so including the unicast would be required not only for V2I but also for V2V communications.
3. Conclusion
In this contribution, we have reviewed the LTE V2X SID and proposed the text proposal for LTE_V2X TR.  

4. References
[1] RP-151109 Feasibility Study on LTE-based V2X Services, LG Electronics, CATT, Vodafone, Huawei
[2] TR 22.885 V0.2.0 (S1-151330) Study on LTE Support for V2X Services (Release 14)
[2] TR 36.843 Study on LTE Device to Device Proximity Services; Radio Aspects (Release 12)
5. Text Proposal 

X.1 Operating scenarios

LTE V2X considers following operating scenarios in initial stage of discussion.

· Dedicated carriers to LTE-based V2X: carriers are specifically allocated to LTE-based V2X communications.
· Shared carriers with normal LTE operation: the existing licensed LTE carriers are concurrently shared for LTE-based V2X communications.

· Shared carriers with non-LTE V2X communication: the existing DSRC carriers are used for LTE-based V2X communications (e.g. 5.850–5.925 GHz allocated for DSRC).

X.2 Deployment scenarios

LTE V2X considers the following scenarios for LTE V2X communications. 
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(a) Scenario 1A                                                             (b) Scenario 1B
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(c) Scenario 1C                                                            (d) Scenario 1D
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(e) Scenario 1E                                                            (f) Scenario 1F

Figure x-1 LTE V2X Scenarios

	Scenarios
	UE1
	UE2

	1A: Out-of-Coverage
	Out-of-Coverage
	Out-of-Coverage

	1B: Partial-Coverage
	In-Coverage
	Out-of-Coverage

	1C: In-Coverage-Single-Cell
	In-Coverage
	In-Coverage

	1D: In-Coverage-Multi-Cell
	In-Coverage
	In-Coverage

	1E: Relay
	In-Coverage
	Out-of-Coverage

	1F: Indoor Micro-Cell
	In-Coverage (Micro-Cell)
	In-Coverage (Micro-Cell)


X.3 Challenges
LTE V2X should consider the following link-layer parameters for figuring out V2X challenges.

Table A.1: Example parameters for V2X Services [2]
	
	Effective range
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	100ms
	90%

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	100ms
	95%


Additionally, the study should consider potential requirements for V2X, V2I, and V2P use cases in SA1 TR [2]. 
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