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1   Introduction
In RAN plenary #81 meeting, the updated study item description on NR V2X was approved [1]. This work follows the Rel-14 and Rel-15 LTE V2X study and work items. In this paper we will briefly outline the possible impact on RAN3 scope.
2   V2X Use cases

The following use cases are described in the SID [1]:

· Vehicles Platooning enables the vehicles to dynamically form a platoon travelling together. All the vehicles in the platoon obtain information from the leading vehicle to manage this platoon. These information allow the vehicles to drive closer than normal in a coordinated manner, going to the same direction and travelling together. 

· Extended Sensors enables the exchange of raw or processed data gathered through local sensors or live video images among vehicles, road site units, devices of pedestrian and V2X application servers. The vehicles can increase the perception of their environemnt beyond of what their own sensors can detect and have a more broad and holistic view of the local situation. High data rate is one of the key characteristics.

· Advanced Driving enables semi-automated or full-automated driving. Each vehicle and/or RSU shares its own perception data obtained from its local sensors with vehicles in proximity and that allows vehicles to synchronize and coordinate their trajectories or manoeuvres. Each vehicle shares its driving intention with vehicles in proximity too. 

· Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive by themselves or remote vehicles located in dangerous environments. For a case where variation is limited and routes are predictable, such as public transportation, driving based on cloud computing can be used. High reliability and low latency are the main requirements.
TS 22.186 specifies service requirements to enhance 3GPP support for V2X scenarios in the 3GPP systems, i.e. EPS and 5GS. Requirements include support for both safety and non-safety V2X scenarios:

-
Safety-related V2X scenarios: e.g. advanced Driving (e.g., Cooperative collision avoidance, Emergency trajectory alignment)
-
Extended Sensors (e.g., Sensor information sharing, video sharing)., vehicle platooning, etc.; 
-
Non-safety-related V2X scenarios: e.g., mobile high data rate entertainment, mobile hotspot/office/home, dynamic digital map update etc. 

Notably, Categories of Requirements (CoR) are defined to support eV2X scenarios. Five CoRs are defined: General Aspects, Vehicle Platooning, Advanced Driving, Extended Sensors and Remote Driving.

Additionally, the concept of Level of Automation (LoA) is defined, which reflects the functional aspects of the technology and affects the system performance requirements. The defined LoAs are: No Automation (0), Driver Assistance (1), Partial Automation (2), Conditional Automation (3), High Automation (4), Full Automation (5).

For each CoR and each LoA, end-to-end requirements are specified in terms of: Payload (Bytes), Transmission rate (Message/Sec), Maximum end-to-end latency (ms), Reliability (%), Data rate (Mbps), Minimum required communication range (meters). 

From the above CoRs, the reliability requirement may vary from 90% to 99.999% while latency requirement can vary from 3m to 100ms for different LoA and V2X service requirements. Some scenarios where the reliability and latency requirement is ultra-high are:

· Platooning use case with high LoA (reliability of 99.99% and 10ms e2e latency)

· Cooperative collision avoidance in advanced driving use case (reliability of 99.99% and 10ms e2e latency)
· Emergency trajectory alignment in advanced driving use case (reliability of 99.999% and 3ms e2e latency)
· Extended sensor sharing information with high LoA (reliability of 99.99-99.999% and e2e latency 3-10ms)

· Tele-operated Driving (reliability of 99.999% and e2e latency of  5ms)
Observation 1: Many advanced V2X services (e.g., advanced driving, extended sensors, platooning) have demanding QoS requirements (e.g., end-to-end latency, reliability, etc).
According to TS 22.186 there is no predefined mapping between V2X use cases and the communication interface that could be selected (i.e., NR-Uu or PC5 interface). Specifically, the General Requirement [R.5.1-020] of TS 22.185 specifies:

“The 3GPP system shall allow UEs supporting V2X application to use NR for direct communication when the UEs are not served by a RAN using NR.”
Both communication interfaces (PC5, Uu) could be used to support advanced V2X use cases, taking into account radio conditions and the environment where the eV2X scenario takes place. For instance, the NR-Uu interface could provide guaranteed QoS (i.e., high reliability, low latency) in the case of:

· urban road environments or without Line-of-sight (LOS) among communicating vehicles (e.g., intersections)

· poor radio conditions in the PC5

· high vehicles’ density, where PC5 may not be efficient or may be overloaded.
Observation 2: NR-Uu could be used to support advanced V2X scenarios with demanding QoS requirements, according to radio and road environment conditions. 

In addition, the  minimum required communication range requirement may vary from 50 to 1000m for different LoA and V2X service requirements (depending also on the UE mobility). Some scenarios where the communication range requirement is high are:

· Platooning use case with low LoA (350m)

· Information sharing in advanced driving use case  (360-700m)
· Emergency trajectory alignment in advanced driving use case (500m)
· Extended sensor sharing information (up to 1000m)

The minimum required communication range in NR V2X is up to 1000 m for extended sensors, 700 m for advanced driving, and 350 m for vehicle platooning. This means that, often, the information-sharing V2X-UEs within a group are spread in an area larger than the coverage of a single cell. 

But even for shorter distances, especially in urban environments a group/pair of communication UEs could be located at different cells.

Observation 3: NR-Uu could be used to support better coverage for a group/pair of communicating UEs for advanced V2X use cases located at same or neighboring cells.

3   Possible impact
It is assumed that the impact from this new SI will be similar to the existing support over RAN3 interfaces. There are however some considerations to look further into. 

Consideration 1: Architectural options
We note that there is a remaining key issue to be resolved in SA2 scope regarding whether the UE may be allowed to use NR based PC5 communication scenarios when connected to EPC, i.e. architectural option 1 
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Figure 1:  Option 1
SA2 has listed the following aspects that need to be studied and needs alignment with outcome of RAN work:

-
Whether and how the UE indicates its NR PC5 capability to the network;

-
Whether and how the MME authorizes to use V2X service operation for NR PC5;

-
Whether and which V2X policy and parameters need to be provisioned for NR based PC5 communication in the UE.

From this it seems the second bullet is related to RAN3 work, but it seems the other bullets are not, and that it is probably these two that requires more work in other RAN groups (RAN2). From RAN3 point of view, it could be worth noticing that we may see some impact on S1AP and X2AP, depending on the outcome from discussions other groups. One possible impact would be that the current authorisation is extended to cover NR over S1AP.
It seems however more clear that this will be needed for option 2 and option 5. For this, we would need similar support as in legacy, e.g. authorization over NGAP and XnAP and side link AMBR over NGAP.

Furthermore, for option 2 5GC-C may need to interact with NR for QoS, session and mobility management for in-direct V2V communications (via NR-Uu). It should be studied how to re-use 5GC features for QoS, session and mobility management of V2V communications over NR-Uu and whether it needs to be extended.
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Figure2: Option 2







Figure3: Option 5
With respect to the above V2X authorization information, in LTE V2X, two types are defined: Vehicle UE and Pedestrian UE. For NR V2X, it is pending on SA2 whether the RAT specific authorization information should be defined and whether new types should be introduced. So for the detailed impact on the above interfaces, we expect some additional discussion is needed. This discussion is anyway not the most urgent to finalize (at least from RAN3 point of view) since the impact on RAN3 is more related to stage 3 coding. Similar discussion may be needed for the definition of AMBR.
Proposal 1: It is proposed RAN3 to start study the signalling requirements for option 2 and 5
Proposal 2: It is proposed RAN3 to study the signalling requirements over NGAP, XnAP, S1AP, X2AP for e.g. authorization and sidelink AMBR, subject to agreed architectural options

Consideration 2: RAT/Interface Selection
One new functional impact is the decision on RAT/interface, i.e. whether the NR PC5, LTE PC5, NR Uu or LTE Uu should be used. The selection is performed by the UE in legacy systems, but this is one important part of the SI to discuss and this is already captured in a separate objective an separate agenda item. 

Proposal 3:  It is proposed RAN3 to study the signalling requirements over NGAP, XnAP, S1AP, X2AP for RAT/Interface selection, subject to agreed architectural options
Consideration 3: F1 Support for CU-DU split deployment
In addition to this, in RAN3 scope there is also a need to support this functionality over F1. This may require some more discussions. But following the principles for F1AP so far, we believe that a possible scheme could be:

· CU receives information from CN

· CU decides RAT/interface to be used for V2X 
· CU informs DU which interface to be used (includes e.g. SL AMBR, ...)

· DU assigns detailed L1/L2 resources and send to CU

· CU send to UE in RRC container

Note1: This is just an illustration since the selection of RAT/interface will also be discussed in this SI and the above scheme may be modified depending on the outcome of this discussion. But in any case, we expect that there will be F1 impact from this work. 
Proposal 4: It is proposed RAN3 to study the signalling requirements over F1 in CU-DU split scenarios, subject to agreements for RAT/interface selection
Consideration 4: Dual Connectivity Support
One additional thing that may be needed to consider depending on progress in other groups is the support for V2X in DC scenarios. If, for example, there is no support for mode 1 scheduling in another RAT, there may be a need to support this by DC solutions, e.g. option 3, 4 and 7 where each node performs scheduling within it’s own RAT for the side link. In this case, each NG-RAN node would handle only side link transmission of the same RAT. 
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Figure4: Option3









Figure5: Option4/7

Proposal 5: It is proposed RAN3 to study the signalling requirements over XnAP, X2AP for Dual Connectivity, subject to agreements in other groups 
4   Summary
This paper briefly goes through the possible RAN3 impact on RAN3 from the new Sid on V2X we propose the following:
Proposal 1:
It is proposed RAN3 to start study the signalling requirements for option 2 and 5
Proposal 2:
It is proposed RAN3 to study the signalling requirements over NGAP, XnAP, S1AP, X2AP for e.g. authorization and sidelink AMBR, subject to agreed architectural options
Proposal 3:
It is proposed RAN3 to study the signalling requirements over NGAP, XnAP, S1AP, X2AP for RAT/Interface selection, subject to agreed architectural options
Proposal 4:
It is proposed RAN3 to study the signalling requirements over F1 in CU-DU split scenarios, subject to agreements for RAT/interface selection
Proposal 5:
It is proposed RAN3 to study the signalling requirements over XnAP, X2AP for Dual Connectivity, subject to agreements in other groups
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