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Abstract: This paper presents different V2X deployment scenarios and analyzes the corresponding requirements. It is proposed to document the scenarios in the TR 22.885.

Discussion

In clause 5 of TR 22.885, use cases for different V2X communications are presented. Based on these descriptions, it is clear that most vehicles must participate in the V2X communication in order for the system to function properly. Therefore, reviewing the potential deployment scenarios and identifying proper requirements are imperative for the V2X design. 
Deployment scenarios

There are three possible deployment scenarios for V2X communication, based on the level of mobile operator involvements:


- Infrastructure-less or out-of-coverage scenario;

- Multiple MNO shared V2X scenario; and

- Single MNO managed V2X scenario.

Infrastructure-less or out-of-coverage scenario
In this scenario, mobile operators do not participate in the V2X communication management, as depicted in figure 1. All UEs/vehicles can communicate with each other directly using the V2X spectrum. This is similar to the DSRC communication model. Consequently, a UE/vehicle does not need any subscription to a mobile network in order to participate in the V2X communication. 


[image: image11.png]V2X Spectrum





Figure 1. Infrastructure-less/Out-of-coverage V2X deployment sceanrio

Given the lack of 100% cellular coverage on all roads, a UE/vehicle can find itself out of coverage at any time. However, the absence of mobile networks should not result in any interruption to the safety related services. Therefore, the V2X system must be designed to operate in this mode (for at least at some basic level for safety) without any mobile network involvement. Furthermore, a UE may may either take some significant time  to register or even not be able to succesfully register to a mobile network, e.g. a new out-of-factory car, a new aftermarket V2X UE, vehicles imported from a region with different access technology. All these are equivalent to the out-of-coverage sceanrio. 

It is clear from the above that the Infrastructure-less scenario is the baseline and needs to be supported regardless if other deployment options are exercised.  

In order to support this scenario, all the UE/vehicles must be configured with the same parameters for the V2X communication. These can be provided to the UE/ME/vehicle at the time of manufacturing or through the configuration stored on a UICC, or provisioned via a mobile network while in coverage. Mechanisms defined for the ProSe out of coverage communication parameter provisioning can be reused. These configuration parameters can be also region-specific.  

It is also expected that when operating in this mode, only some of the V2X use cases described in clause 5 can be supported because of the absence of mobile network and subscription verification. A pre-configured service set for this scenario should be supported based on standards or regulatory requirements.   

Multi-MNOs shared V2X services scenario
This scenario is similar to the existing mobile network deployment, i.e. multiple MNOs offer V2X services to their subscribers. As shown in figure 2, the UEs/Vehicles are controlled by the MNOs for the access to the V2X spectrum and services.
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Figure 2. Multi-MNOs shared V2X scenaario

As the UEs/Vehicles have subscriptions from different MNOs, the different MNOs must ensure the consistent configurations of the UE/vehicles for V2X communication, such that the UEs can transmit to and receive from UEs of other MNOs. The mobile networks can broadcast such configurations, e.g. via system information announcements, or via dedicated configurations for the individual UE/vehicles. In this case, all the MNOs are allowed to point their subscribers to the V2X spectrum, i.e. the V2X spectrum is shared by all MNOs. 
For a particular UE/vehicle, WAN access or potential V2X control is done in the each of the MNOs' spectrum, and the V2X communication happens in the independent V2X spectrum. All the services described in clause 5 can be supported with this scenario, subject to UE/vehicles' subscription authorization.     
It should be noted that for this scenario, when the UE/vehicle goes out of coverage, it would fall back to the infrastructure-less case as discussed above. Therefore, the configurations from the MNOs should also contain the necesary parameters to support such operation mode.
Single MNO managed V2X scenario

In this scenario, a single mobile operator is granted the ownership/lease of the V2X spectrum and thus manages the V2X services. The decision of such V2X spectrum grant are made by a regional regulatory entity. 
This scenario requires all V2X UE/vehicle to have a valid subscription to the MNO that manages the V2X spectrum. This subscription could be independent of WAN access subscriptions. Alternatively, the MNO that manages the V2X spectrum would need to now support international and national roaming, i.e. allowing other subscription to other MNOs to be used in V2X authorization. 

The scenario can be futher divided into two subcases: a) split control, and b) co-channel deployment, as depicted in figure 3.   
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Figure 3. Single MNO managed V2X sceanrio

In the split control subcase, the control channel for the V2X service access is provided in the MNO's WAN spectrum. In this case, only V2X services transmission can occur on the V2X spectrum. The MNO can also perform fine control of the UE's access to the V2X spectrum. A particular UE would need to support both WAN and V2X access. 

In the co-channel deployument subcase, the control of the V2X services is also performed over the V2X spectrum. For a V2X UE, it can only implement the V2X access. WAN access (e.g. for V2I services or general V2X control) could be provided via the V2X access if allowed by operator. 

Similarly, for this deployment scenario, when the UE/vehicle goes out of coverage, it would also fall back to the infrastructure-less case.

V2X subscription and service profile
In order for the V2X system to be functional, all the UEs/vehicles should be granted access to a basic V2X service set by default, e.g. the V2X saftety services that relies on periodic broadcasting the basic safety messages. This basic service set profile must be standardized or mandated by regulators. 

As discussed above, the V2X service shall not rely on a subscirption to the mobile network, because there is no guarantee that the UE has acces to the mobile network in all cases. 

On the other hand, the UE/vehicle will likely be in a mobile network's coverage most of the time. When it is in coverage, certain enhancements could be provided to the UE/vehicle, such that the V2X communication could be optimized, and additional functions could be provided. This may not require any specific V2X subscription, as existing WAN access subscription could be reused, or the subscription could be embedded in the equipment/device cost.  

In order to generate additional revenue for operators, additional V2X services could be offered, such that different MNOs can realize service differentiation and attract users. In this case, the UE/vehicle needs to have a additional subscription profile for the V2X services, and based on that subscription, the mobile network will manage the additional services. 
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Figure 4. V2X subscription and service profile

For the V2X system, all these subscription models should be supported with corresponding service set profiles, as shown in figure 4:


-a)  No subscription (to mobile network);


-b) Basic mobile subscription without V2X profile;


-c) Premium V2X subscription.  
Proposals:
It is proposed to add the following to the corresponding clauses of TR 22.885:
*****Start of changes *****
6.X 
Considerations for V2X deployment

6.X.1 
V2X operation without MNO involvement

In this scenario, mobile operators do not participate in the V2X communication management, as depicted in figure 6.X.1-1. All UEs/vehicles can communicate with each other directly using the V2X spectrum. This is similar to the DSRC communication model. Consequently, a UE/vehicle does not need any subscription to a mobile network in order to participate in the V2X communication. 
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Figure 6.X.1-1. Infrastructure-less/Out-of-coverage V2X deployment sceanrio
Given the lack of 100% cellular coverage on all roads, a UE/vehicle can find itself out of coverage at any time. However, the absence of mobile networks should not result in any interruption to the safety related services. Therefore, the V2X system must be designed to operate in this mode (at least at some basic level for safety) without any mobile network involvement. Furthermore, a UE may not be able to succesfully register to a mobile network, e.g. no subscription for an out-of-factory car, vehicles imported from a different region, failure/congestion of the network. Obviously, all these are equivalent to the out-of-coverage sceanrio. 

It is clear that the infrastructure-less scenario is the baseline and needs to be supported regardless if other deployment opitons are used.
In order to support this scenario, all the UE/vehicles must be configured with the same parameters for the V2X communication. This can be provided to the UE/vehicle at the time of manufacturing or through the configuration stored on a UICC, or provisioned via a mobile network while in coverage. Mechanisms defined for the ProSe out of coverage communication parameter provisioning can be reused. These configuration parameters can be also region specific.  

It is also expected that when operating in this mode, only some of the V2X use cases described in clause 5 can be supported because of the absence of mobile network and subscription verification. A pre-configured service set for this scenario should be supported based on standards or regulatory requirements.   
6.X.2
Multi-MNOs shared V2X services scenario
This scenario is similar to the existing mobile network deployment, i.e. multiple MNOs offer V2X services to their subscribers. As shown in figure 6.X.2-1, the UEs/vehicles are controlled by the MNOs for the access to the V2X spectrum and services.
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Figure 6.X.2-1. Multi-MNOs shared V2X sceanrio

As the UEs/vehicles have subscriptions from different MNOs, the different MNOs must ensure the consistent configurations of the UE/vehicles for V2X communication, such that the UEs can transmit to and receive from UEs of other MNOs. The mobile networks can broadcast such configurations, e.g. via system information announcements, or via dedicated configurations for the individual UE/vehicles. In this case, all the MNOs are allowed to point their subscribers to the V2X spectrum, i.e. the V2X spectrum is shared by all MNOs. 

For a particular UE/vehicle, WAN access or potential V2X control is done in the MNOs' spectrum, and the V2X communication happens in the independent V2X spectrum. All the services described in clause 5 can be supported with this scenario, subject to UE/vehicles' subscription authorization.     

It should be noted that for this scenario, when the UE/vehicle goes out of coverage, it would fall back to the infrastructure-less case as discussed above. Therefore, the configurations from the MNOs should also contain the necesary parameters to support such operation mode.

6.X.3
Single MNO managed V2X scenario
In this scenario, a single mobile operator is granted the ownership/lease of the V2X spectrum and thus manages the V2X services. The decision of such V2X spectrum grant are made by a regional regulatory entity. 

This scenario requires all V2X UE/vehicle to have a valid subscription to the MNO that manages the V2X spectrum. This subscription could be independent of WAN access subscriptions. Alternatively, the MNO that manages the V2X spectrum would need to now support international and national roaming, i.e. allowing other subscription to other MNOs to be used in V2X authorization. 

The scenario can be futher divided into two subcases: a) split control, and b) co-channel deployment, as depicted in figure 6.X.3-1.
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Figure 6.X.3-1. Single MNO managed V2X sceanrio
In the split control subcase, the control channel for the V2X service access is provided in the MNO's WAN spectrum. In this case, only V2X services transmissions can occur in the V2X spectrum. The MNO can also perform fine control of the UE's access to the V2X spectrum. A particular UE would need to support both WAN and V2X access. 

In the co-channel deployment subcase, the control of the V2X services is also performed over the V2X spectrum. For a V2X UE, it can only implement the V2X access. WAN access (e.g. for V2I services or general V2X control) could be provided via the V2X access if allowed by operator. 

Similarly, for this deployment scenario, when the UE/vehicle goes out of coverage, it would also fall back to the infrastructure-less case.

*****Next change *****
6.Y 
Considerations for V2X subscription and service profile

The V2X system shall support the following subscription models and corresponding service set profiles:

a) No subscription (to mobile network) with the basic V2X service set;


b) Basic mobile subscription without V2X profile, with the basic and extended V2X service set;


c) Premium V2X subscription with the basic, extended, and additional V2X service sets.  
*****End of changes *****
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