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1. Introduction
The Objective of the V2X WI in RP-190766 [1] includes:
-	NR sidelink scheduling by NR Uu and LTE Uu;
-	Sidelink pre-configuration and configuration by NR Uu and LTE Uu.
TR 38.885 [2] or the V2X WI objective discuss the interaction between NR Uu or LTE Uu with the PC5 protocol stack, actually with the PC5 MAC sublayer and the RRC sublayer. 
In this contribution we demonstrate that it is needed to logically split the UE into a U-UE, including the Uu protocol layers and a V-UE, including the sidelink protocol layers. The motivation is that such a separation is friendlier for deployment and testing and more future proof to technology upgrades. It will also allow the carmakers to select the categories of Uu system independently from the categories of the PC5 system. 
The logical split should be applied during the development of NR-V2X, as it may later be used to define an interface between the U-UE and the V-UE. 

2. Discussion
2.1 V2X as a subsystem 
SAE (Society of Automotive Engineers) document J3161 has defined in [3] the communication between two LTE V2X sub-systems in communicating cars. In Fig.1 is shown the On-Board Equipment (OBE) based on SAE description, the main blocks being the PC5 radio system, the GNSS receiver for satellite positioning and the dedicated processor of this ECU (Electronic Control Unit).
ECU further communicates with the Safety Application ECU.
Note that in this diagram the connection with the cellular system is not shown, being considered a different subsystem. 
Observation 1: Uu UE and the PC5 UE are two separate units.
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Fig. 1	V2X system in SAE J3161 

2.2 C-ITS device may be a combination of a PC5 standalone and a Uu device 
Based on draft EC regulations in “COMMISSION DELEGATED REGULATION on C-ITS”, the “C-ITS stations installed on vehicles, handheld or alongside the road infrastructure are considered as products that can be placed on the market as stand-alone assemblies or as parts of larger assemblies. The extent to which C-ITS stations to be installed on vehicles comply with the applicable requirements can be tested before or after installation.”

A C-ITS station based on NR/LTE PC5 mode 4 (out-of-coverage) complies with C-ITS regulations and can be put as such on the market. The Mode 3 C-ITS station based on NR/LTE PC5 could be achieved by connecting the PC5 UE, through an interface defined in 3GPP, to an Uu UE implementing the functionality according to the WI in [1].  
Based on USA and European regulations, the resulting functionality shall be tested.
Observation 2: The regulation of V2X in EU already assumes that carmakers may select a device architecture in which the Uu UE is separated from the PC5 UE.

2.3 Interaction between Uu and PC5
Based on TR 38.885, Uu interface (MAC, RLC, PDCP, RRC layers) will control the PC5 interface, few examples being provided below: 
· Scheduling of transmissions over PC5 (dynamic or SPS) where grants are sent through Uu; 
· Synchronizing PC5 with Uu; 
· Reporting measurements relative to PC5 to Uu scheduler; 
· Configuring the PC5 radio resources by Uu. 
These interactions between the two radio interfaces will need coordination. It will be needed to design Rel. 16 protocols in a way assuming an underlying interface between Uu-based UE and PC5-based UE.
Observation 3: Any interaction between the Uu and PC5 for MAC, RLC, PDCP, RRC procedures is handled by an interface between Uu to PC5.
2.4 Testing the On-Board V2X module
The testing of the On-Board modules can take place at different moments in time:
· Compliance with the regulatory V2X requirements and the following certification takes place before putting a V2X module on the market;
· Each module may be tested for correct operation in the production phase;
· V2X module testing is executed every year in a Service Center as part of the car maintenance; this testing may be required by regulations and/or may be enforced by producer.

The regular testing provides reliability and cost reduction of car maintenance operations. 
 A Tester apparatus or a computer-driven tester is needed for all the above operations; the tester is directly connected to the V2X module or to the whole car electronic system. Ethernet is frequently used for such connection. 
We do not see how the testing procedure can be executed without:
a. Emulation by the tester of the scheduling commands given by the Uu protocol stack to the PC5 protocol stack;
b. Ability to exhaustively test the V2X system.
 
To achieve the testing is needed a standardized interface between the Uu-UE and PC5-UE, interface which can be used by the V2X module tester and by the development and test engineers.
Conclusion 1: Separation between the Uu-UE and PC5-UE is needed for development, testing and certification.

2.5 Different evolution paths and configuration options of Uu and PC5
In time, PC5 technology may be improved, within future releases of 3GPP, based on the automotive market requirements, regulatory requirements and new spectrum allocations, on a different timing as compared with the evolution of the Uu interface. Keeping Uu and PC5 as separate entities will allow a reduced time to market for each technology.
Carmaker may use an older version of PC5 to assure interoperability and continuity of service. Carmakers may decide to use different combinations of PC5, for example, Rel. 14 alone, or Rel. 14+ Rel. 16, based on the class of the vehicle. 
[bookmark: _Hlk4582615]Independent of that, carmakers define their Uu capability. The capability is derived from the communication grade of the vehicle, which is typically classified by carmakers to HIGH (highest available Uu Category), MID and LOW (minimal connectivity requirement). Uu / PC5 mix-and-match flexibility is required. Correct V2X operation is required regardless of Uu configuration.
Observation 4: Older releases of PC5 may be used by the carmakers for many years to come; 
Observation 5: Different configurations are needed for PC5 and for Uu without impacting PC5 operation correctness.
2.6 Global profiling
3GPP standardization provides a toolbox for V2X operation. Regional profiles are needed to specify operational parameters. Unfortunately, there is not a single profile used worldwide, but each geography, currently US, Europe and China, is defining its own profile. 
The profiling process is complicated and time consuming. A clear separation of interfaces would improve the clarity and visibility of the specification, which in turn would contribute to faster completion of profile writing, to higher accuracy, and with that to a faster C-V2X deployment.  
Observation 6: Clear definition of PC5 unit contributes to clarity and visibility.
Observation 7: Clarity and visibility will simplify, accelerate and enhance quality of global C-V2X profiles.

3. Example of UE split in V2X applications
Our UE split example is based on the separation of the Uu and PC5 RATs.
Fig. 2 reflects this approach; U-UE is the master UE, including the Uu protocol stacks and at least the scheduler of the PC5 interface, while V-UE is the PC5 (Vehicular) UE including the PC5 protocol stack.


 
Fig. 2   Split UE with V1 interface

The V1-C (V1-Control) interface may be later defined. It transfers the relevant messages generated by U-UE and V-UE. 
Conclusion 2: The split-UE approach enables the implementation of an interface between Uu UE and PC5 UE. 
The split-UE architecture is highly suitable for inter-RAT operation, as RAT-specific Information Elements can be used for the implementation of the generic procedures on this interface.
Conclusion 3:  The split-UE architecture is highly suitable for inter-RAT operation.

4. Standardization efforts
We believe that the split-UE concept will not introduce additional burden in RAN2, if the U-UE and PC5-UE will be considered from start as separate entities.
We propose to adopt the terminology of V-UE during RAN2 related discussions and related specifications. This is not a new concept in 3GPP and already exists in LTE specifications for example, NB-IoT UE and BL-UE. Similar to the given examples, this notation is important to emphasize that V2X is not a sub-feature of NR UE but a complete system with its own protocol stack and HW components and specific capabilities. 
In addition, a clear interface will simplify test development in RAN5, so the overall effort will be lowered.
Observation 8: The impact of split-UE approach on standardization efforts will be low, if the Uu UE and the PC5 UE will be considered from start as logical separated entities.
Observation 9: A clear interface will simplify test development in RAN5, so the overall effort will be lowered.
Conclusion 4:  It will be needed to design Rel. 16 protocols in a way to minimize the standardization efforts for adding this interface in the future.

5. Conclusions and proposal
In the above discussion we had a number of Observations which are listed below:
Observation 1: Uu UE and the PC5 UE are two separate units.
Observation 2: The regulation of V2X in EU already assumes that carmakers may select a device architecture in which the Uu UE is separated from the PC5 UE.
Observation 3: Any interaction between the Uu and PC5 for MAC, RLC, PDCP, RRC procedures is handled by an interface between Uu to PC5.
Observation 4: Older releases of PC5 may be used by the carmakers for many years to come. 
Observation 5: Different configurations are needed for PC5 and for Uu without impacting PC5 operation correctness.
Observation 6: Clear definition of PC5 unit contributes to clarity and visibility.
Observation 7: Clarity and visibility will simplify, accelerate and enhance quality of global C-V2X profiles.
Observation 8: The impact of split-UE approach on standardization efforts will be low, if the Uu UE and the PC5 UE will be considered from start as logical separated entities.
Observation 9: A clear interface will simplify test development in RAN5, so the overall effort will be lowered.
We derived the following conclusions and proposal:
Conclusion 1: Separation between the Uu-UE and PC5-UE is needed for development, testing and certification.
Conclusion 2: The split-UE approach enables the implementation of an interface between Uu UE and PC5 UE. 
Conclusion 3:  The split-UE architecture is highly suitable for inter-RAT operation.
Conclusion 4:  It will be needed to design Rel. 16 protocols in a way to minimize the standardization efforts for adding this interface in the future.

Proposal1: RAN2 is invited to consider the split-UE approach in its further standardization work on V2X Release 16.
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