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1 Introduction
SA1#69 agreed a new Rel-14 study on ‘LTE support for V2X services’ to investigate use cases and potential requirements. The objective of this study is to identify use cases and associated potential requirements for LTE support of V2X services taking into account V2X services and parameters defined in other SDOs (e.g. GSMA Connected Living, ETSI ITS (Intelligent Transportation System), US SAE or relevant government agency (e.g. C-ITS project in Korean Ministry of Land, Infrastructure and Transport). The essential use cases for LTE V2X (V2V, V2I, and V2P) to be studied and the requirements identified are as follows: 
-
V2V: covering LTE-based communication between vehicles.

-
V2P: covering LTE-based communication between a vehicle and a device carried by an individual (e.g. handheld terminal carried by a pedestrian, cyclist, driver or passenger). 

-
V2I: covering LTE-based communication between a vehicle and a roadside unit. 
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Figure 1.1: Types of V2X (V2V, V2P, and V2I) 

At RAN #68, it was agreed to start a SI on LTE support for V2X services [1]. RAN1 #82 is to focus on evaluation methodology for LTE-based V2V, V2I/N and V2P services to compare the performance of different technical options, including the following aspects:
a) Deployment scenarios, considering the above operating scenarios
b) Modeling of vehicle density and mobility
c) Traffic models and performance metric

At least the aspects of the methodology relevant to PC5 for V2V shall target RAN#69.

In this contribution, we discuss requirements based on the use cases from the SA1 TR [2], as well as the deployment scenarios and modeling for V2X (V2V, V2I/N, and V2P).
2 Requirements of use cases
Table 1 summarizes some of the key parameters for a variety of V2X user cases captured in [2]. It should be noted that there are other requirements for these user cases. However, only those that may have impact on RAN1 evaluations are listed in Table 1. From the parameters in Table 1, the control loss warning is one of the most challenging use cases, for which the velocity is up to 280kmph with 10 messages per second. 

Proposal 1: The evaluation and study on V2X shall consider the most challenging use cases, e.g. consider typical message size up to 400 bytes, maximum relative velocity of 280kmph, 10 messages per second. The latency requirement shall be assessed by RAN2.
Table 1: Example parameters for V2X Services

	
	Range
	Typical Message Size(Bytes)
	Max Message Size(Bytes)
	Relative Velocity
	Max Latency
	Frequency

(message/second)
	Service Type

	Forward Collision Warning
	/
	50-300
	1200
	160kmph
	100ms
	10
	V2V

	Control Loss Warning
	/
	50-300
	1200
	280kmph
	100ms
	10
	V2V

	emergency vehicle warning
	300m
	50-300
	/
	280kmph
	100ms
	10
	V2V

	Emergency Stop
	/
	400
	1200
	160kmph
	100ms
	10
	V2V

	Cooperative Adaptive Cruise Control
	/
	/
	/
	/
	1000ms
	1
	V2V

	Emergency Stop
	/
	400
	1200
	160kmph
	100ms
	10
	V2I

	Queue Warning
	/
	50-400
	1200
	160kmph
	100ms
	/
	V2I

	Road safety services
	/
	/
	1200
	160kmph
	100ms
	10
	V2I

	Automated Parking System
	/
	50-400
	/
	160kmph
	100ms
	/
	V2I

	Wrong way driving warning
	/
	/
	/
	280kmph
	/
	/
	V2V

	Pre-crash Sensing Warning
	/
	/
	TBD
	160kmph
	20 ms
	/
	V2V

	V2I / V2N Traffic Flow Optimization
	/
	50-300
	/
	/
	1000 ms
	1
	V2I/N

	Curve Speed Warning
	200m
	80-200
	/
	/
	1000ms
	/
	V2I

	Vulnerable Road User (VRU) Safety
	/
	50-300
	1200
	
	100ms
	1
	V2I


3 Deployment scenarios and modeling
3.1 Scenarios of carrier deployment
Based on the use cases identified by SA1, it is useful to define the evaluation scenarios for this SI. Minimizing the number of scenarios is important in order to complete the study in time.
From carrier deployment point of view, the V2X scenarios can be classified as:
a) The cellular service and V2X service share the same carrier;

b) A dedicated carrier is used for V2X service.

Sharing the cellular traffic with the V2X traffic on the same carrier would limit the amount of resources available for V2X, if the time-frequency resources for the cellular and V2X traffic are made orthogonal to avoid the interference between them. It needs careful assessment on the amount of required time/frequency resources to support V2X traffic, to meet the required QoS. Furthermore, the interference between among different V2X services also needs to be investigated. For instance, in case a vehicle communicates with a macro eNB, the vehicle may transmit at a relatively high power depending on its coupling loss to the macro eNB. The interference generated by this vehicle can be significant to the nearby V2V link. 

Proposal 2: Evaluate the amount of time/frequency resources needed to support the V2X use cases with a certain vehicle density. 

Furthermore, the study item requires that the LTE-based V2X shall be supported both with and without LTE network coverage. With network coverage, it is possible that the parameters for V2X communication can be dynamically controlled by the network, which improves the V2X performance. Furthermore, with network coverage, e.g. on a carrier frequency different from the one used for V2X traffic, the V2I/N traffic can be dynamically moved to the cellular carrier if needed. Furthermore, V2X applications are primarily outdoors. Hence, it can be assumed that the network coverage exists to a large extent. 
Proposal 3: The study on V2X shall prioritize the scenario with LTE network coverage.
3.2 Modeling of vehicle density and mobility
A V2X communication is characterized by very short-lived links and then lacks of knowledge about neighborhoods (i.e., vehicular density can change in different areas of the same network). In general, broadcast techniques are frequently used in V2X for data sharing, traffic and emergency applications. However, different traffic regimes can have impact on data dissemination performances, as summarized as follows [3]:

a) Urban;

b) Rural;

c) Highway.
In an urban environment, the speeds are lower resulting in slower changes of the network topology. However, as buildings will obstruct the signal, vehicles can therefore suddenly disappear and reappear again. An example of this is when a vehicle travels through an intersection. The urban layout contributes to many nodes in certain areas being hidden to one another and this may have a major impact on the performance, i.e. due to the hidden terminal problem. The density of vehicles in large cities can be rather high so scalability is an important issue also in this scenario.

In rural areas the roads usually have one lane in each direction with occasional support for two lanes and thus the scalability of the V2X is likely not to be a major issue.

In a highway scenario, the relative speed can be as high as 280 km/h, see Table 2. Network topology sometimes changes rapidly due to high relative speeds between the driving directions (whereas the topology is more stable within one direction). The density of vehicles can be high, especially during rush hour and when an accident occurs. Based on the values in Table 2, the corresponding vehicle density for the different service level is shown in Table 3.
Table 2: Highway service level classification [4]
	service level
	density[pcu/(km·In)]
	Design velocity （km/h）

	
	
	120
	100
	80

	
	
	velocity(km/h)
	V/C
	max service traffic volume [pcu/(h·In)]
	velocity (km/h)
	V/C
	max service traffic volume [pcu/(h·In)]
	velocity (km/h)
	V/C
	max service traffic volume [pcu/(h·In)]

	1
	≤7
	≥109
	0.34
	750
	≥96
	0.33
	700
	≥78
	0.30
	600

	2
	≤18
	≥90
	0.74
	1600
	≥79
	0.67
	1400
	≥66
	0.60
	1200

	3
	≤25
	≥78
	0.88
	1950
	≥71
	0.86
	1800
	≥62
	0.78
	1550

	4
	≤45
	≥48
	1.0
	<2200
	≥47
	1.0
	<2100
	≥45
	1.0
	<2000

	5
	>45
	<48
	>1.0
	0~2200
	<47
	>1.0
	0~2100
	<45
	>1.0
	0~2000


Table 3: the corresponding vehicle density for different service level
	service level
	Vehicle density
(in coverage 300m of highway,
two lanes in each direction)
	Vehicle density
(in coverage 300m of highway,

four lanes in each direction)

	1
	≤8
	≤16

	2
	≤22
	≤44

	3
	≤30
	≤60

	4
	≤54
	≤108

	5
	>54
	>108


Proposal 4: Urban and highway scenarios should be studied with higher priority.
Proposal 5: V2X study shall consider the corresponding vehicle density for different service levels.

4 Conclusions
In this contribution, we summarize the use cases for V2X based on the study carried out by SA1. We further discuss the deployment scenarios and modeling. The following proposals are made:
Proposal 1: The evaluation and study on V2X shall consider the most challenging use cases, e.g. consider typical message size up to 400 bytes, maximum relative velocity of 280kmph, 10 messages per second. The latency requirement shall be assessed by RAN2.
Proposal 2: Evaluate the amount of time/frequency resources needed to support the V2X use cases with a certain vehicle density. 
Proposal 3: The study on V2X shall prioritize the scenario with LTE network coverage.
Proposal 4: Urban and highway scenarios should be studied with higher priority.
Proposal 5: V2X study shall consider the corresponding vehicle density for different service levels.
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