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1 Introduction
A study item on vehicle to everything (V2X) services in 5G NR networks has been initiated for Rel-16 [1]. While NR Sidelink is expected to provide broadcast/groupcast/unicast communication between V2X UEs, it is important that Sidelink is closely integrated with the cellular connectivity over Uu as well, especially when operating on licensed spectrum. This contribution describes a general scenario for utilizing a multiple connectivity framework for V2X, which leverages multiple NR carriers for providing control plane signalling and configuration with user plane traffic carried over Uu or Sidelink.
2 V2X Multi-Connectivity Scenarios
The use of dual or multi-connectivity (i.e. 3 or more simultaneous communication links) is especially critical for the operation of vehicle-to-everything (V2X) services where mobility and communication robustness requirements can be the most stringent. As shown in Figure 1, V2X services can include both vehicle-to-infrastructure (V2I) between vehicles and gNBs or roadside access point units over Uu, and vehicle-to-vehicle (V2V) communications over Sidelink.
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Figure 1: Example of V2X communications

An example of a V2X Multi-connectivity deployment is shown in Figure 2 below, where three different links are used to provide control and data communication with the V2X UEs: 

1. LTE or NR Uu link on a macro tier (e.g. FR1 carrier)
2. NR Uu on a secondary carrier (e.g. FR2/mmWave)
3. NR sidelink on either FR1 or FR2 carrier
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Figure 2: Example of a V2X deployment with multi-connectivity

A benefit of this approach is that multiple types of communication traffic can be provided on the different links. For example the control plane signalling (e.g. SRB) is provided on FR1, while data signalling for core-network based traffic is provided on a FR2 carrier (e.g. DRB). This may be achieved by either CA or DC between the different cellular carriers (including EN-DC) since macro base stations nodes may be used for providing basic coverage and mobility support, while a dense deployment of small cells/road-side access point units, can provide higher throughput, but with smaller coverage. 

The third level of connectivity in this scenario is over the NR Sidelink, which enables direct communication between UEs whether they are inside or outside network coverage. Sidelink communication can be established between two UEs or can be facilitated by a special type of V2X UE called a Local Manager [2]. A Local Manager can manage the discovery and link management of one or more V2X UEs which are connected/associated to the Local Manager. Additionally, the Local Manager can provide resource allocation/scheduling for direct communication between individual or groups of V2X UEs without requiring “full” connectivity that would be required for a UE to be scheduled by a fixed infrastructure node.

To fully leverage the different links and integrate them efficiently under the network, enhancements to the existing dual-connectivity framework for EN-DC and NR-DC, where a device can only maintain two simultaneous connections between a Master Cell Group (MCG) and a Secondary Cell Group (SCG) should be considered as part of the NR SI. The benefits and complexity of different options should be considered, for example, Sidelink may be configured as an additional SCG in addition to a SCG which is providing cellular connectivity. Alternatively it may be beneficial to define Sidelink as a different type of connectivity leg altogether with reduced signalling overhead/functionality required since the Sidelink radio resource configuration for can be provided by the MCG.
Proposal 1: V2X should support scenarios with multi-connectivity including both Uu and Sidelink connectivity legs.

Proposal 2: Enhancements to the existing EN-DC and NR-DC framework which leverage Uu signalling and procedures to enable control and data communication over Sidelink should be further studied.
3 Conclusion
This contribution analyzed scenarios for V2X Multi-Connectivity between Uu and Sidelink. The following proposals were made:
Proposal 1: V2X should support scenarios with multi-connectivity including both Uu and Sidelink connectivity legs.

Proposal 2: Enhancements to the existing EN-DC and NR-DC framework which leverage Uu signalling and procedures to enable control and data communication over Sidelink should be further studied.
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