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1 Justification
A fundamental part of 5G is to expand the scope of mobile networks to also include support of vertical industries. It is therefore of interest to complement the 4G-focused studies with studies on concepts and technologies that are defined in a 5G context, with specific attention to C-V2X and automotive requirements. Important requirements from the automotive industry [2] are:
· End-to-end (E2E[footnoteRef:1]) performance fulfillment  [1:  UE, RAN, Transport, Core, and Data network.
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· Predictability of QoS levels (e.g., latency, throughput), reliability
· Isolation, security and privacy
One key technology for addressing these requirements is Network Slicing [2][4][5][6]. Network Slicing means that a communication network is divided into multiple, logical E2E networks (slices), all sharing the same physical network infrastructure [3]. Network Slicing is defined in 5G and not in 4G, but there are mechanisms in 4G, such as DECOR [7], that can be seen as a first step towards Network Slicing. Customized topologies can be achieved already in 3GPP R14 with the combination of CUPS [8] and DECOR, even though such a solution would not be E2E but be limited to the Core Network. Evolution into 5G will then add E2E scope of slicing, as well as E2E Network Slice management and orchestration. 
Other technologies to consider are the QoS framework as defined in 4G [9] and evolved in 5G [10], and edge computing [11][12]. Machine learning capabilities, like supervised learning, could also bring some relevant added value in terms of QoS estimation [13]. Network Slicing in combination with an evolved QoS framework and edge computing is expected to provide a better architecture support for the automotive requirements and use cases. 
[bookmark: OLE_LINK2]E2E Network Slicing is an enabling key technology for customized E2E QoS for the automotive industry. An important aspect of predictability of QoS is the possibility to provide notification to a UE in advance, in order for a vehicle to be able to act on the information that the required QoS cannot be maintained. Predictability of QoS can be a standalone enabler for automotive functions. In conjunction with E2E network slicing, even more advanced use cases can be achieved. 
A detailed study is motivated by the fact that 5GAA WG2 has been explicitly asked to study solutions for enhanced QoS provisioning and predictability for C-V2X [16]. Furthermore, the BARNS work item [17] in 5GAA WG5 on business aspects of network slicing and predictable QoS will benefit from a corresponding work item in 5GAA WG2, which is responsible for the technical solutions. 
This study will concentrate on the mobile network supported (V2N/V2N2X) use cases and network aspects, with focus on use cases that include requirements on low latency and high reliability. Such use cases are typical to critical communications. This category of use cases is not only for augmenting situational awareness in security scenarios (such as adding real-time/near real-time information on slippery road conditions), but are also important in the longer term scenarios towards full automation. The study shall however not be limited to critical communications use cases, but also include efficiency and comfort related use cases. The aim of the study is to describe a network architecture, which can cater for the use cases described by 5GAA WG1 in Waves 1-4 [18], with priority on the use cases described in outputs from the BARNS [17] work item. The architecture shall also as far as possible be future proof, supporting envisioned future use cases as well as 5G evolution to R16 and onwards.
2	Objective
The objective of this work item is to:
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK3]Identify and evaluate potential architecture enhancements needed in order to provide Predictable QoS for C-V2X in 5G for the automotive industry, utilizing e.g. Network Slicing and edge computing technologies. 
2. Communicate identified liability aspects of the enhancements, if any, to other relevant 5GAA WGs.
3. Provide guidelines for the design of Network Slice Templates (NST) applicable to the automotive industry, that enables support of different categories of C-V2X use cases and 5GAA requirements
4. Provide the results and output of this work item to WG4 for possible requirements recommendations to relevant standardization organizations and industry forums, e.g. 3GPP, ETSI, ISO and GSMA. This includes recommendations on requirements relevant to system architecture, QoS and network slicing features. 

The study shall identify network slice requirements from (but not limited to) the UCs identified in [18] and upcoming TRs from other WGs, including both safety and non-safety critical applications. The output from the WG5 WI on business aspect and requirements of 5G network slicing [17], as well as network requirements and architectural enhancements identified in the eV2X study [19], shall be used as technical input to the study. It shall also include a gap analysis from 5G Network Slicing standards (at a minimum) regarding applicability on 5GAA specifications, including the analysis of the existing 3GPP SA2 and SA5 interfaces and network functions. 
The baseline for the study is [2][4][5][6], existing functionality and architectures as defined in 3GPP R15 Network Slicing Feature, 3GPP R15 Network Architecture (supporting the Network Slicing feature), ETSI Multi-Access Edge Computing [11][12], 3GPP R14 C-V2X Network Architecture [20], 3GPP R14/R15 QoS frameworks [9][10] and Automotive use cases as defined by 5GAA WG1 in packages Wave1–4 [18]. The study shall include, but not be limited to, the following aspects: 
· Investigate means to provide notifications to/from the UE in advance of available QoS KPIs; e.g. send in-advance notification about potential QoS changes to OEM servers/vehicles/applications. 
· Propose a customized and standardized Network Slice Template to support the C-V2X requirements and use cases.
· Investigate the usage of Machine Learning techniques in order to provide an accurate prediction of QoS
· Investigate the possibility for the UE’s C-V2X application to steer its QoS requirements dynamically as traffic and driving conditions change, including the possibility to relate charging to QoS updates
· Investigate usage and edge deployment of UPF for C-V2X applications. Specific attention shall be given to edge deployment in combination with Network Slicing and QoS.
· The general aspects of inter-MNO coordination and coordination between vehicle manufacturers and Road Authorities shall be considered.
 3	Expected Output, Deliverables and Time Scale
	New document

	Doc No.
	Title
	Lead WG
	 Start date + duration
	Type of document & additional comments

	WG2-00XX
	Architectural enhancements for providing QoS Predictability in C-V2X 
· Phase 1: In-advance notifications including predictable QoS based on appropriate algorithms such as, Machine Learning M0+9
· Phase 2: Network slicing, edge deployment M6+6
	WG2
	M0 (Munich)+12
(M0=start date)
	Technical report

	WG2- 00YY
	Network Slicing Template for the automotive industry, Guidelines
	WG2
	M6 (Paris)+6
	Technical report

	WG2-00ZZ
	[bookmark: _GoBack]Recommendations to SDOs on requirements relevant to architectural considerations for C-V2X. Depending on progress and interest, consider liaising with appropriate SDOs, even before completion of the WI.
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	M0+12
	Technical report
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