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1
Introduction
SA1 has been studying the use cases and requirements for vehicular communication [1], or V2X (vehicle-to-everything), and RAN1 has started feasibility study on the RAN PHY aspects to support V2X communication according to agreed RAN Study item [2]. The RAN1focus is initially on the communication between the vehicles (V2V) elaborating potential enhancements needed for the ProSe D2D as well as defining the evaluation assumptions and principles.
In this contribution we discuss what kind of operator and spectrum scenarios there can be with the defined connection types and what those will imply for the RAN2 study.
2
Discussion

The services provided by vehicular communication system are not limited to those between the vehicles but there will be also connections from vehicles to infrastructure/network from where some of the services are provided. Additionally, the vehicles may communicate with pedestrian (drivers, passengers, etc) carrying for example normal cellular devices. The SA1 definition for the connection types is following [3]:

-
Vehicle-to-Vehicle (V2V) Communications
-
Vehicle-to-Infrastructure (V2I) Communications
-
Vehicle-to-Pedestrian (V2P) Communications
As the connection types should operate jointly to provide all services intended for the V2X system in various operational scenarios, there is a need to elaborate what kind of requirements there will be for the RAN operation in order to define V2V and V2I/P communications complementing each other. V2I includes also V2N (vehicular-to-network) case where the V2I can be a connection to an infrastructure node, including a road side unit (RSU), or a connection to server via LTE Uu connection. The RSU can be either UE – type (communicating over PC5 to vehicles) or eNB type with Uu connection.

RAN1 is focusing on the D2D, i.e. PC5 transport for V2V services, enhancements to meet the link performance, reliability and spectrum (resource allocation) requirements posed by the anticipated V2V communication. The messages transmitted by the vehicles are based on the definitions mainly by ETSI (CAM, DENM) and SAE (BSM) which SA1 has elaborated and listed in the TR [3]. 
Some of the use cases and services require centralized function (e.g. Road safety service via infrastructure, Automated parking system, V2N Traffic Flow Optimisation, etc. [3]) providing the service to multiple vehicles. Such cases require connection to the LTE network and further to the application server itself. In response to possible information from the vehicles, an application may send relevant information locally to multiple vehicles. There information may have only local relevance and therefore the data transmission may be limited to certain cell(s) only. The study addresses these use cases and services with its third objective, i.e. the study for support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services.
2.1
Spectrum and operator scenarios
In SA1 study multiple aspects of the spectrum usage have been identified for LTE-based V2X: 
· Aspect 1: Shared Spectrum (with V2X Service and others)
· 1A: A spectrum used for V2X several operators will use concurrently 
· 1B: A spectrum used for V2X Service used by a MNO exclusively
· Aspect 2: Designated / Non-designated Spectrum (for V2X)
· 2A: A spectrum on which V2X Service can be provided is designated for use only by V2X (3GPP based V2X or other V2X technologies)
· 2B: A spectrum on which V2X Service can be provided is not designated to V2X only and is open for use by other radio technology.
· Aspect 3:  Multi-operator / Single operator
· 3A: In one region, several operators provide V2X Service. 
· 3B: In one region, no more than one operator provides V2X Service. 
· Aspect 4: Overlapping / Non Overlapping MNO areas (in case of multi operators environments)
· 4A: In some part of one region, service area of one operator overlaps with service area of other operators providing V2X Service 
· 4B: In one region, service area of different operators does not overlap.
· Aspect 5: 
· 5A: Operator designating part of its own spectrum for V2X Service.
· 5B: Operators do not use own spectrum for V2X Service
The number of combinations would be 32 when calculating just mathematically the combinations for the 5 aspects with two options. There can be, however, several cases per combination when considering different number of operators, different number of carriers on dedicated vehicular bands and cellular bands, various deployment scenarios for multi-operator case, single operator RAN (for Uu connection) or shared RAN by multiple operators. In total there will be large number of cases of V2X system deployment to be considered. In order to manage the specification efforts, some kind of prioritization of the cases should be done but still covering sufficient number of options to meet anticipated requirements for the V2X services and capabilities.
Observation 1: There is large number of cases for the V2X system deployment calling for prioritization of cases to be studied. However, all cases essential for the V2X system deployment should be covered.
2.2
Type of the Road Side Unit (RSU)
A Road Side Unit as per SA1 definition is:

Road Side Unit: an entity supporting V2I Service that can transmit to, and receive from a UE using V2I application. RSU is implemented in an eNodeB or a stationary UE. 
An example of the role of the RSU has been given in use case of intersection safety described in Annex <A4> of [3]. The RSU is assumed to receive and analyze awareness messages send by vehicles and pedestrians (or more generally by “vulnerable” road users, VRUs). The RSU is supporting V2X services and is able to analyze the received data. When necessary, the RSU can broadcast (I2V) warning messages to the vehicles in order to avoid potential collisions. This would be helpful especially at the urban intersections where the visibility and also the V2V link can be poor around street corners.
Based on the communication interface between UE and RSU types, we identify two logical architectures as shown in Table 1.

Table 1: Logical architecture of LTE based V2X system with RSU
	RSU Logical Architecture
	Comments
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	- RSU receives V2V messages on PC5 interface

- RSU may transmit V2V messages on PC5 interface

- RSU may transmit V2V messages on Uu interface
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	- RSU receives V2V messages on Uu interface
- RSU may transmit V2V messages on Uu interface


The SA1 TR [3] says that the RSU is assumed to analyze the received messages. It should be further clarified whether/how this applies to eNB-Type RSU and UE-type RSU. In the current user plane architecture of E-UTRAN (see Figure 1), the eNB is a relay between PDCP and GTP-U. The text of [3] regarding RSU being implemented in eNB can be interpreted in two ways;
a) The intention is to modify the E-UTRAN architecture and enhanced eNB with RSU functions such as V2V message analysis; or
b) In the context of eNB-Type RSU, RSU functions are provided by the network either by other logical entity of 3GPP network other than eNB or a network entity outside 3GPP network.  
Observation 2: It shall be clarified whether RSU related functions are to be provided by eNB or other network element, in which case eNB provides just a transport of user plane data.
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Figure 1: UE - P GW user plane with E-UTRAN (3GPP TS 23.401)
Based on the use case example of the RSU network entity, it shall have following capabilities

· Ability to receive V2V messages; e.g. CAM and DENM messages [5]

 REF _Ref430605803 \r \h  \* MERGEFORMAT 
[6]
· Ability to analyze the received data
· Determination when (e.g. in case of risk for collision) to transmit warning messages to the vehicles 
Based on the use cases it can be assumed that the RSU should have a priority of using radio resources. The priority should be there for both types of the RSUs, eNB or stationary UE –type of RSUs. This is relevant particularly when warning messages have to be transmitted.

Observation 3: There shall be means to prioritize the radio resource allocation for a RSU.

If the RSU is an eNB-type RSU (i.e. RSU entity in the network), the usage of resources is controlled by eNB based on the current QoS and bearer architectures. 
Note: An eNB may not able to receive messages over PC5. If the RSU is suppose to receive those, should it be UE-type, see RSU logical architecture A) in Table 1.
Observation 4: An eNB as eNB-type RSU is able to control radio resources and thus has possibility to prioritize traffic when needed.
If the RSU is a (stationary) UE communicating over PC5, the RSU face similar issues as the vehicles regarding the half duplex restrictions, radio resource selection (from allocated pools), power control, etc.

Observation 5: An UE –type RSU will have the same issues as the vehicles when using the PC5 interface for the message transmission and reception.

Considering that the V2V communication may be supported over PC5 and Uu and also V2I/N communication can be supported over the same interfaces, the UE may be required to transmit and receive V2V messages concurrently on the interfaces as shown in Table 2.
Table 2: V2V and V2I/N Interfaces

	V2V Interface
	V2I/N Interface
	Comments

	PC5
	PC5 (UE-type RSU)
	- All V2X communication over one interface

	PC5
	Uu (eNB-type RSU)
	- Depending on V2X application the UE may have concurrent transmission of messages over the two interfaces. It is up to the application/service to decide on what interface the V2V message shall be transmitted

	Uu
	PC5 (UE-type RSU)
	- Unclear if this combination is a realistic deployment scenario

.

	Uu
	Uu (eNB-type RSU)
	- The SID objective is to evaluate the feasibility of Uu transport for V2V and V2P. 

- It should be clarified whether Uu transport for V2V is in fact a special use case of V2N communication, i.e. two-leg communication comprising V2N and N2V parts, and what are the differences between Uu transport for V2N and Uu transport for V2V if any.


Observation 6: It should be discussed when and how the PC5 and Uu interfaces can be used concurrently by a vehicular UE. 
2.3
Traffic and vehicular scenarios
Working assumptions for the message size as per RAN1#82 agreements [4]:

· Periodic: One 300-byte message followed by four 190-byte messages; 
· Event-triggered messages: six 800 bytes messages, how often is up to each company
· No message size/frequency based on vehicle speed
The periodic traffic corresponds to ITS (Intelligent Transport System) definitions for CAM (Coordinated Awareness Message) messages [5] whereas the event-triggered messages represent DENM (Decentralized Environmental Notification Message). 
SA1 has listed 6 different environments for the vehicular scenarios (see Table 1 below). For evaluations RAN1 defined two environments, urban and freeway, by defining the parameters appropriately to be close enough for multiple SA1 defined environments. The environments and scenarios will have indirect impact on RAN2 work via the performance and capacity requirements.
Observation 7: RAN2 shall take into account the scenarios as much as required for performance and capacity. Input mainly coming from RAN1 evaluations.
2.4
Latencies and performance requirements
The SA1 (informative) definitions for the performance requirements are listed in Table 3. REF _Ref430606115 \h 
.
Table 3: Performance requirements for vehicular communication defined by SA1
	
	Effective range*
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum radio layer message reception reliability (probability that the recipient gets it within 100ms)
	Example Cumulative transmission reliability***

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%
	99%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%
	96%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%
	96%

	#4 (NLOS / urban)
	150m
	50kmph
	100kmph
	100ms
	90%
	99%

	#5 (urban intersection**)
	50m
	50kmph
	100kmph
	100ms
	95%
	-

	#6 (campus/ shopping area)
	50m
	30kmph
	30kmph
	100ms
	90%
	99%


The basis for the expected performance requirements has been the assumptions for the use cases and traffic for the transmission of ITS (mainly CAM -type) messages. Vehicles are transmitting (broadcasting) high frequency component of the CAM messages once per 100ms and the other vehicles within the given range shall be able to receive the messages with the reliability indicated in the table with the given absolute or relative speeds. The probability for correct reception within 100ms refers to a single message reception whereas the cumulative reliability (rightmost column in the table) indicates the “application level” probability; in this case probability of correct reception of a message with two attempts.
The most challenging scenarios will be the cases where large number of vehicles is within the radio communication range. This poses problems for radio capacity (resource allocation, in PC5 pool allocation) and latency. Configured radio resource pools should provide sufficient capacity and possibility for transmission of vehicles own messages as well as reception of the other vehicles’ broadcast messages.

Observation 8: There can be challenges to provide sufficient capacity with required latency requirements in high traffic density scenarios. This calls for appropriate control of radio resources for V2V communication.
2.5
V2I/N connections
Initially RAN1 has focus on the applicability and enhancements for PC5 interface in order to meet the anticipated requirements set for the vehicular communications. However, as mentioned above, V2V communication does not cover the connection to V2N services running in the network side. For many use cases vehicular services are running in the dedicated servers collecting data from the vehicles and providing information on downlink channels, in LTE over the Uu interface.
As already indicated in the approved SID, the connection to infra (V2I/I2V) or network (V2N/N2V) can use dedicated (unicast) connection or can utilize (in downlink) multi-/broadcast transmission (MBMS or SC-PTM). V2I/N connection can be used to support V2V connection by providing possibility to forward messages to wider area than can be reached with merely V2V connections over PC5 interface. This is particularly useful in challenging radio propagation conditions, e.g. in urban areas at street crossings and multiple obstacles, see discussion in paragraph 2.2.
When utilizing V2I/N connection the performance requirements shall still be met. In some cases the V2I/N connection may, however, result in shorter delays compared to the V2V connection with multiple hops from vehicle to another. Also the range of the message transmission can be extended even beyond the distances defined for minimum performance requirements. This is subject to RSU –type and deployment, though.
Observation 9: Provisioning of V2X services, including those using centralized functions, is complemented with V2I/N connections to meet the expected requirements for the V2X operation.

3
Conclusions
In this contribution we have listed multiple aspects that need to be addressed in RAN enhancements when studying the solutions for the V2X support. Notably these are related to:

· Spectrum allocation and potential sharing

· Operator scenarios; single/multi-operator cases

· Role and type of RSU

· Deployment scenarios

· Traffic assumptions; capacity (radio resource control/usage) requirements

· Usage of V2I/N connection to provide V2X services and support for V2V communication

While elaborating the aspects we ended up with following observations:

Observation 1: There is large number of cases for the V2X system deployment calling for prioritization of cases to be studied. However, all cases essential for the V2X system deployment should be covered.

Observation 2: It shall be clarified whether RSU related functions are to be provided by eNB or other network element, in which case eNB provides just a transport of user plane data.
Observation 3: There shall be means to prioritize the radio resource allocation for a RSU.

Observation 4: An eNB as RSU is able to control radio resources and thus has possibility to prioritize traffic when needed.

Observation 5: An UE –type RSU will have the same issues as the vehicles when using the PC5 interface for the message transmission and reception.

Observation 6: It should be discussed when and how the PC5 and Uu interfaces can be used concurrently by a vehicular UE. 
Observation 7: RAN2 shall take into account the scenarios as much as required for performance and capacity. Input mainly coming from RAN1 evaluations.

Observation 8: There can be challenges to provide sufficient capacity with required latency requirements in high traffic density scenarios. This calls for appropriate control of radio resources for V2V communication.

Observation 9: Provisioning of V2X services, including those using centralized functions, is complemented with V2I/N connections to meet the expected requirements for the V2X operation
Based on the observations we propose:
Proposal: While studying the RAN support for vehicular communication/services, RAN2 is asked to consider the issues and options listed in this contribution.
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