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1 Introduction

In this contribution, we discuss different deployment scenarios that should be addressed within the V2X framework, in the dimension of resource selection mode, operating scenarios.
2 Discussion
2.1 Resource selection mode

In Rel-12 ProSe communication, two different ProSe communication modes have been considered, i.e. mode 1 where the network provides the UE with sidelink grants on PDCCH for sidelink transmissions, and mode 2 where the UE autonomously (randomly) selects transmitting resources from a certain resource pool provided by the network via SIB18.

When it comes to V2x, one of main challenges is the increased traffic load, from a few UE (transmitting VoIP packets) per cell [1] to possibly as high as hundreds of vehicles per cell [2], for which both Rel-12 mode 1 and 2 might be constrained. The following resource allocation strategies can be considered:
· Centralized resource allocation: In such high load scenarios, it is more important to minimize co-RB / inter-RB (in-band emission) interference when allocating resources. To achieve this, the network has to get more information on inter-UE geographical location or essentially interference relationship, which is more challenging than using listen-before-talk behaviour in a distributed mode.

· Distributed resource allocation: Network assistance can be helpful for UEs to adapt transmission parameters with the time-varying system load that is affected by time varying message size and generation frequency. 

In our companion contribution [3], we provide more details on traffic management and possible resource allocation strategies.

Proposal 1 RAN2 studies both distributed and centralized resource allocation.

2.2 Operating scenarios

The operating scenarios are summarized as Figure 1, which is divided into four cases:

· Scenario 1 - out of coverage case: where there is not network coverage for vehicles to rely on, either on the spectrum dedicated to V2x communication, or any other spectrum licensed to operator(s).

· Scenario 2 - single operator case: where the V2x spectrum is licensed to a single operator, and vehicles are within the coverage of this operator for V2x communication.

· Scenario 3 – multi-operator on the shared spectrum case: where the V2x spectrum is shared by several operators, and vehicles are within the coverage of the operators for V2x communication. Please note that this scenario can be further divided into two sub-scenarios:

· Scenario 3a
: where the coverage is available directly at the V2x spectrum, where a shared RAN is more feasible (in a form of both GWCN or MOCN) considering inter-operator collision [4];

· Scenario 3b: where the coverage is only available at a different spectrum licensed and managed by each operator. 

· Scenario 4 – multi-operator on the independent spectrum case: where the V2x message transmission happens at dedicated spectrum licensed and managed by each operator, and reception on all (intra- and inter-) spectrum.
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Figure 1 scenario definition for each case

Table 1 summarizes the four scenarios, in terms of 

· Whether PC5 interface can be used to carry V2x messages: PC5 based transmission is feasible for all scenarios.
· Whether Uu interface can be used to carry V2x messages: Uu transmission can happen when there is infrastructure deployed and therefore coverage at the spectrum, so not applicable to Scenario 1.

· How inter-operator resource coordination can be implemented: For inter-operator resource coordination, it is even more important, since intra-operator resource coordination gain may vanish without inter-operator coordination, and both are important to solve the resource collision in a contention based access scheme, e.g., IEEE 802.11p based system, in order to show system gain. It can be further divided into three cases:

· Not needed: this applies to Scenario 1, 2 and 4, where there is no inter-operator problem, the V2x activity would be limited to intra-operator scenario.

· Independent RAN: this applies to scenario 3b, where each respective RAN for different operators are independent, and may use different spectrum licensed for each operator individually.

· Shared RAN: this applies to scenario 3a, where RAN for different operators is shared, in a form of both GWCN and MOCN scenarios, and may locate at the shared spectrum directly.

Obviously, shared RAN solves the problem in a way that the inter-operator resource is scheduled with exactly the same degree of flexibility and efficiency as for the intra-operator scenario. Yet when it is not available, solution is needed for independent RAN, in terms of how to do the resource division between operators. 

Table 1 Scenario analysis for operator-based scenario categorization

	Scenario
	PC5-based message delivery
	Uu-based message delivery
	Inter-operator resource coordination

	1
	Y
	N
	N

	2
	Y
	Y 
	N

	3
	Y
	Y 
	Y (scenario 3b)

	
	
	
	N (scenario 3a)

	4
	Y
	Y 
	N


Therefore, we have the following observations.

Observation 1 PC5-based message delivery is applicable to all scenarios.

Observation 2 Uu-based message delivery is applicable to in-coverage scenarios, and inter-operator communication is needed in multi-operator scenarios.

Observation 3 Inter-operator resource coordination is required to scenario 3b.

And we have the following proposal.
Proposal 2 RAN2 studies the optimizations of Uu-based message delivery considering inter-operator communication.

Proposal 3 RAN2 studies the optimization of resource allocation considering the inter-operator coordination.

Furthermore, Scenario 3 would trigger the problem of cross-carrier management of V2x communication in different forms, i.e., coverage is available at carrier A licensed and managed by the operator, but the V2x communication happens at carrier B shared by multi-operator for V2x, where RAN coverage is available (shared RAN for scenario 3a) or not (scenario 3b). So we have the following proposal.

Proposal 4 RAN2 studies the cross-carrier V2x traffic management for scenario 3.
3 Conclusion

In section 2 we made the following observations:
Observation 1
PC5-based message delivery is applicable to all scenarios.
Observation 2
Uu-based message delivery is applicable to in-coverage scenarios, and inter-operator communication is needed in multi-operator scenarios.
Observation 3
Inter-operator resource coordination is required to scenario 3b.


Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 studies both distributed and centralized resource allocation.
Proposal 2
RAN2 studies the optimizations of Uu-based message delivery considering inter-operator communication.
Proposal 3
RAN2 studies the optimization of resource allocation considering the inter-operator coordination.
Proposal 4
RAN2 studies the cross-carrier V2x traffic management for scenario 3.
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� In this sub-scenario, the coverage at a different spectrum licensed and managed by each operator may be also available.
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