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1. Introduction
In 3GPP RAN #66 meeting, the study item on LTE-based V2X services was approved [1]. According to the SID, the study should cover LTE-based V2X both with and without LTE network coverage, and cover both the operating scenario where 1) the carrier(s) is/are dedicated to LTE-based V2X services …being shared by multiple operators and the operating scenario where 2) the carrier(s) is/are licensed spectrum and also used for normal LTE operation.

This contribution will discuss LTE-based V2X operation scenarios, including network coverage, spectrum, and operation.
2. Overview of LTE-based V2X operation
In [2], 18 use cases summarized  in table 1 are discussed.
Table 1 summary of LTE-V2X use cases
	V2V use cases
	V2I use cases
	V2P uses cases

	Forward Collision Warning
	V2I Emergency Stop Use Case
	Warning to Pedestrian against Pedestrian Collision

	Control Loss Warning
	Queue Warning
	Vulnerable Road User (VRU) Safety

	V2V Emergency Stop Use Case
	Road safety services
	

	V2V Use case for emergency vehicle warning
	Automated Parking System
	

	Cooperative Adaptive Cruise Control
	V2X Road safety service via infrastructure
	

	Wrong way driving warning
	V2I / V2N Traffic Flow Optimisation
	

	 Pre-crash Sensing Warning
	Curve Speed Warning
	

	V2V message transfer under operator control
	
	

	V2X in areas outside network coverage
	
	


In figure 1, we give an overview of LTE-based V2X operation. In this picture, all the above use cases could be captured. With network participation and with a cloud platform of V2X, a wide area V2X service could be achieved. For example, RSUs located in different crossroad could share traffic information via LTE network, and traffic information could be transmitted to vehicles in a wide range.
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Figure 1 overview of  LTE-based V2X operation

For V2V application, PC5 transport and Uu transport are both possible approach to offer V2V service. However, considering delay and uplink capacity limitation, PC5 transport with help of network could be more feasible and efficient. It should be noted that the PC5 transport should be under full control of LTE network. Considering in most world, road/highway are covered well by cellular network, the scenario that PC5 transport under network control should be the most common and prioritized scenario, while the control/authorization may be on a normal LTE carrier but PC5 transport is on a different V2X dedicated carrier. 
V2I is another interesting application. Because RSU (road side unit) could have more powerful processing capability, V2I could offer more road safety service. For example, RSU could collect and process nearby vehicles’ information, and give collision warning when the V2V link is not working. For V2I application, RSU could be either an eNodeB or a stationary UE [2]. 
· If RSU is an eNodeB, then the V2I service could be carried via Uu transport on licensed spectrum. This V2I mode could be similar to V2N mode, which is based on a licensed spectrum with normal LTE operation. 
· If RSU is a stationary UE, then the V2I service could be carried via PC5 transport on dedicated spectrum, while the requirements and traffic model are different from V2V application (exact values pending on SA1 input). Another LTE carrier would be used for exchanging information between RSU and eNB.
Among the two types of RSU, the stationary UE type may be more popular.
V2P application is also important in the case of pedestrian collision warning and vulnerable road user warning. In V2P application, the path of pedestrian is hard to predict, and the density of pedestrian is high in urban scenario. Therefore, support of V2P service should be carefully studied and should be jointly designed with V2V and V2I.
There are multiple ways to specify V2V/V2I/V2P enhancement. From operator point of view, it is expected to deploy V2V/V2I/V2N services altogether to ensure satisfactory user experience, therefore it is better that V2V/V2I/V2N are to be specified integrated. V2P are to be specified together if possible.
According to above discussion, we propose that  
Proposal 1: LTE-based V2V,V2I,V2N,V2P should be jointly designed to make sure that all the V2X service could work together.   
3. Discussion on spectrum
According to [1] and [2], the V2X study will cover both the operating scenario where the carrier(s) is/are dedicated to LTE-based V2X services and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. 
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Figure 2 spectrum usage of LTE-based V2X
For Uu transport, it is reasonable and feasible to use licensed spectrum which is also used for normal LTE operation. However, dedicated carrier is more suitable for road safety service via PC5 transport, considering that shared carrier will cause co-existence issue and may decrease V2X service quality. If PC5 transport uses licensed spectrum, communication among vehicles subscribed to different operators will be more complex, i.e. a vehicle may need to monitor other operator’s licensed spectrum. 
Uu interface could also be used for authorization/control of PC5 transport. There may be no eNodeB deployed on V2X dedicated carrier in the early stage of V2X implementation; in that case, the authorization/control of PC5 transport is carried on licensed spectrum.
Therefore, we propose that 
Proposal 2: As a starting point, 
· PC5 transport uses a dedicated carrier;
· Uu transport and authorization/control for PC5 transport could use a licensed carrier which is also used for LTE network coverage.
4. Discussion on operation
Some potential requirements related to multi-operator scenario are described in [2]:
· [PR.5.1.5-011] A UE that supports V2V Service shall be able to support transmission and reception of the V2V message from other UEs that supports V2V Service in different PLMNs and of different countries.
· [PR.5.15.5-007] All UEs supporting V2I/N independent of their association with different HPLMN or roaming condition shall experience the same service quality from the 3GPP network, for example on delays, latency and ease of use of the service. 
Comparing to single-operator scenario, multi-operator scenario is a major case, because in most countries road safety services are provided by multiple providers/insurance companies to allow sufficient competition in the market.

An example of multi-operator scenario is shown in figure 3. Vehicle A and vehicle B subscribe to operator A and operator B respectively. Operator A and operator B provide Uu transport on respective licensed spectrum A and B. Vehicle A and vehicle B could communicate to each other directly via PC5 transport on V2X dedicated spectrum, which means that the V2X dedicated spectrum is shared by multiple operators. Inter-operator information exchanging is necessary.
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Figure 3. multi-operator scenario
Certainly, multi-operator scenario is more complex than single-operator scenario. Resource sharing on V2X dedicated carrier, synchronization on V2X dedicated carrier should be considered carefully in multi-operator scenario. Even information exchanging among different PLMN may need to be considered as well.
Proposal 3: Multi-operator scenario should be considered. In such scenario, different vehicles may be subscribed to different operators. The V2V communication is conducted on V2X dedicated carrier, while the licensed spectrum of each operator provides 1)authorization to access the dedicated V2X carrier and 2) data access to potential V2X cloud server.
5. Discussion on in-coverage/out-of-coverage
eNB is important for V2X services. There are many in-coverage use case defined in [2], such as “road safety services via an eNodeB”, “V2V message transfer under operator control”, “V2I / V2N Traffic Flow Optimisation”. V2X in coverage could provide more road safety services and traffic flow optimization than V2X out of coverage. Besides, eNodeB could provide authorization/ control for PC5 transport via Uu interface, which is expected to offer better user experience and network security. In areas outside network coverage, some important road safety services should also be supported. However, some use case, such as traffic flow optimisation, may be not necessary in areas outside network coverage. 
According to current and future LTE coverage rate, in-coverage should be a major scenario. Moreover, considering that traffic flow of in-coverage scenario is usually larger than out-of-coverage scenario, in-coverage is more challenging than out-of-coverage.  Therefore, we propose that 
Proposal 4: The following scenario is categorized as in-coverage:

· UE carries PC5 transport on a V2X dedicated carrier, in which the UE is not served by an eNB of the registered PLMN on this V2X dedicated carrier
· Meanwhile UE is under the coverage of an eNB of the registered PLMN on another normal LTE carrier
Proposal 5: The above in-coverage scenario is to be completed, optimized and prioritized in V2X SI. where example V2X dedicated carrier frequency is 5.9 GHz, and normal LTE carrier frequency is 2 GHz, and PC5  transport on V2X dedicated carrier is authorized/controlled by the normal LTE carrier.
6. Conclusion
This contribution will discuss LTE-based V2X operation scenarios, including network coverage, spectrum, and operation. We propose that 
Proposal 1: LTE-based V2V,V2I,V2N,V2P should be jointly designed to make sure that all the V2X service could work together. 
Proposal 2: As a starting point, 
· PC5 transport uses a dedicated carrier;
· Uu transport and authorization/control for PC5 transport could use a licensed carrier which is also used for LTE network coverage.
Proposal 3: Multi-operator scenario should be considered. In such scenario, different vehicles may be subscribed to different operators. The V2V communication is conducted on V2X dedicated carrier, while the licensed spectrum of each operator provides 1)authorization to access the dedicated V2X carrier and 2) data access to potential V2X cloud server.

Proposal 4: The following scenario is categorized as in-coverage:

· UE carries PC5 transport on a V2X dedicated carrier, in which the UE is not served by an eNB of the registered PLMN on this V2X dedicated carrier

· Meanwhile UE is under the coverage of an eNB of the registered PLMN on another normal LTE carrier

Proposal 5: The above in-coverage scenario is to be completed, optimized and prioritized in V2X SI, where example V2X dedicated carrier frequency is 5.9 GHz, and normal LTE carrier frequency is 2 GHz, and PC5  transport on V2X dedicated carrier is authorized/controlled by the normal LTE carrier.
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