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Introduction
In Rel-14 LTE-based V2X, a basic set of requirements for V2X service [1] has been supported, which are considered sufficient for basic road safety service.  Vehicles (i.e., UEs supporting V2X applications) can exchange their own status information, such as position, speed and heading, with other nearby vehicles, infrastructure nodes and/or pedestrians. With the consideration of desirable new application in automotive industry, automotive industries have begun to see V2X applications beyond road safety service, e.g. vehicle platooning and automated driving, and some of these advanced applications may expect higher data rate, higher reliability, more stringent latency and larger communication range. 
3GPP has identified twenty-five use cases for eV2X services and related potential requirements in [2], which are splitted into five groups of use cases including vehicle platooning, advanced driving, extended sensors, remote driving and general). Additionally, RAN has recently agreed that it is not intended for NR-based V2X to replace the services offered by LTE-based V2X. Instead, the NR-based V2X shall complement LTE-based V2X for advanced V2X services and support interworking with LTE-based V2X [3]. 
In this contribution, we will analyze the eV2X use cases and related potential performance requirements, and provide our considerations on future work plan to eV2X.
Rel-14 LTE-based V2X performance metric
In Rel-14 LTE-based V2X, only broadcast communication is supported, and the supported performance metrics are illustrated in Table 1.
Table 1: Rel-14 LTE-based V2X performance metrics
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max latency
(ms)
	Reliability (%)
	Communication
 range (meters)

	50-1200
	1-10, 20, 50
	201, 501, 100,
	Larger than 95
	4 sec * (max. relative speed) [m/s]

20 for the Imminent crash use case


Note: 1it is lack of evaluation conclusion that the current design supports the combined requirement of such low latency and reliability. The design principle follows latency of 100ms though. 

In the procedure of LTE-based V2X specification, the typical scenarios are evaluated (payload size: 300/190 bytes, transmission rate: 100 message/second, max latency: 100ms), which can meet the reliability and communication range requirements. However, for the cases of shorten transmission period, e.g. 20ms and 50ms, they are only supported in specification aspect, whether the performance metrics of shorten transmission period cases can be met needs further evaluation. It is because that the shorten period cases will increase the transmission data rate, which requires larger sidelink capacity than that of the typical evaluation cases. 
Observation 1: From the specification aspects, Rel-14 LTE-based V2X can support shorten transmission period, e.g. 20 ms and 50 ms, but the performances of PRR and effective communication range need further evaluation. 
Discussion on eV2X use cases and performance requirements
In general, the use cases for eV2X can be categorized into five groups including vehicle platooning, advanced driving, extended sensors, remote driving and general, which are shown in Table 2 [2]. There are 3 use cases which are not grouped into any existing use case group, e.g. Cooperative lane change (CLC) of automated vehicles.
Table 2: eV2X use case group
	Use case group
	Use case #
	Use case name

	Vehicle Platooning
	5.1
	eV2X support for Vehicle Platooning

	
	5.2
	Information exchange within platoon

	
	5.5
	Automated Cooperative Driving for Short distance Grouping

	
	5.12
	Information sharing for limited automated platooning

	
	5.13
	Information sharing for full automated platooning

	
	5.17
	Changing Driving-Mode

	Advanced Driving
	5.9
	Cooperative Collision Avoidance (CoCA)

	
	5.10
	Information sharing for limited automated driving

	
	5.11
	Information sharing for full automated driving

	
	5.20
	Emergency Trajectory Alignment

	
	5.22
	Intersection Safety Information Provisioning for Urban Driving

	Remote Driving
	5.4
	eV2X support for Remote Driving

	
	5.21
	Teleoperated Support (TeSo)

	Extended Sensor
	5.3
	Automotive: Sensor and State Map Sharing

	
	5.6
	Collective Perception of Environment

	
	5.16
	Video data sharing for automated Driving

	General
	5.7
	Communication between vehicles of different 3GPP RATs

	
	5.8
	Multi-PLMN environment

	
	5.15
	Use case on Multi-RAT

	
	5.19
	Use case out of 5G coverage

	
	5.14
	Dynamic Ride Sharing

	
	5.18
	Tethering via Vehicle



Based on the analysis of the performance requirements in [2], it can be observed that some use cases can be easily supported by Rel-14 LTE-based V2X with minor specification efforts, and some cases may not be supported by current LTE-based V2X mechanism due to much more stringent requirements on data rate, latency, reliability and communication range. 
With the consideration of the evolution of LTE-based V2X, the use cases can be divided into three categories:
·  Category 1 use cases: Similar as Rel-14 LTE-based V2X 
These use cases have the similar or slightly higher performance requirements as those in study of Rel-14 LTE-based V2X, and the performance requirements of these uses cases are provided in Table 2. These requirements can be easily supported by Rel-14 LTE-based V2X mechanism. Only the use case #5.1 in high density requires more stringent transmission period (10 ms), which needs minor specification efforts and further evaluation. In category 1 use cases, the typical performance requirements are provided as following:
· Payload size: 300-400 bytes
· Transmission rate: 40 message/sec
· Max latency: 25 ms
· Reliability: 90%
· Communication range: less than 100 m
Table 2: Category 1 use cases summary
	Communication scenario
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max latency
(ms)
	Reliability (%)
	Data rate (Mbps)
	Communication
 range (meters)

	Use case
#
	Description
	
	
	
	
	
	

	5.1
	Among a group of UEs (or two UEs) supporting V2X application
	Set 1:
Normal density
	300-400 
	At least 30, 
Up to 40
	[25]
	[90]
	N/A
	At least within the platoon range. Almost 100

	
	
	Set 2:
High density
	50-1200
	Up to 100
	10
	N/A
	N/A
	At least within the platoon range. Almost 80

	5.2
	Between UE supporting V2X application  and RSU via another UE supporting V2X application
	[50-1200]
	[2]
	[500]
	N/A
	N/A
	N/A

	5.5 
	Between UEs supporting V2X application 
	Phase 1:
Driver control
	300-400
	Up to 40
	25
	90
	N/A
	N/A

	5.23
	Between UEs supporting V2X application
	Set 1:
Semi-automated driving
	[300-400]
	N/A
	[25]
	[90]
	N/A
	N/A



· Category 2 use cases: Higher data rate and larger communication range  
These use cases require higher data rate and larger communication range than that of Rel-14 LTE-based V2X, and the performance requirements of these uses cases are summarized in Table 3. In Rel-14 LTE-based V2X, the maximum modulation order is 16QAM, and the maximum transmission bandwidth is 96 PRBs, then the maximum payload size shall not exceed 8*12*96*4=36864 bits which cannot meet payload requirements of any use cases in Table 3. Therefore, in order to fulfill these performance requirements, some enhancements on LTE-based V2X need to be introduced to support higher data rate(e.g. larger bandwidth operation, multi-antenna technology, or higher modulation) and larger communication range(e.g. relay operation). Some challenges to sidelink, e.g. high communication range and data rate without very low latency, can be further supported/complementary in Uu design, depending on applications. In category 2 use cases, typical data rate and communication range are provided as following:
· Data rate: less than [2.75]Mbps
· Communication range: almost 800 m in case of 250km/h






Table 3: Category 2 use cases summary
	Communication scenario
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max latency
(ms)
	Reliability (%)
	Data rate (Mbps)
	Communication
 range (meters)

	Use case
#
	Description
	
	
	
	
	
	

	5.6
	Between UEs supporting V2X application
	Phase 1:
Driver control
	[1600]
	N/A
	[100]
	[99]
	N/A
	[1000]

	5.10, 
	Between UEs supporting V2X application 
	Driver control/
Limited automated driving
	[6500]
	[10]
	[100] 
	High
	[0.55]
	[10] sec * (max. relative speed) [m/s]

	5.10, 
	Between  UE supporting V2X application and RSU
	Driver control/
Limited automated driving
	[6000]
	[10]
	[100] 
	High
	[0.5]
	[10] sec * (max. relative speed) [m/s]

	5.12, 
	Between UEs supporting V2X application 
	Driver control/
Limited automated driving
	[6500]
	50
	[20] 
	High
	[2.75]
	[10] sec * (max. relative speed) [m/s]

	5.12, 
	Between  UE supporting V2X application and RSU
	Driver control/
Limited automated driving
	[6000]
	50
	[20] 
	High
	[2.5]
	[10] sec * (max. relative speed) [m/s]

	5.16
	Between UEs supporting V2X application
	Set 1:
Driver control
	N/A
	N/A
	[50]
	[90]
	[10]
	[100]



· Category 3 use cases: Extreme high data rate, extreme low latency and extreme high reliability   
These use cases are mainly correlated with fully automated driving, they require extreme high data rate, extreme reliability and extreme lower latency, and the performance requirements are summarized in Table 4. It can be observed that these requirements are highly beyond the current LTE-based V2X capability. For example, in use case #5.20, the max latency is 3ms, in order to meet the latency requirements, shorten-TTI mechanism can be considered in sidelink design. In use case #5.16, the required data rate is 700Mbps between UEs supporting V2X application, it will be a really challenge to support such a data rate in sidelink.  In category 2 use cases, some extreme performance requirements are provided as following:
· In use case # 5.16:
· Data rate: [700] Mbps
· Max latency: [10] ms
· Reliability: [99.99]%
· In use case # 5.20:  
· Data rate: [30] Mbps
· Max latency: [3] ms
· Reliability: [99.999]%
Table 4: Category 3 use cases summary
	Communication scenario
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max latency
(ms)
	Reliability (%)
	Data rate (Mbps)
	Communication range (meters)

	Use case #
	Description
	
	
	
	
	
	

	5.3
	Between UEs supporting V2X application
Fully automated driving
	N/A
	N/A
	10
	90
	Peak data rate [25]
	N/A

	5.5 
	Between UEs supporting V2X application 
	Phase 2:
Fully automated driving
	Up to 1200
	Up to 100
	10
	[99.99]
	N/A
	80

	5.6
	Between UEs supporting V2X application
	Phase 2:
Fully automated driving
(Note 1)
	N/A
	N/A
	[3]
	[99.999]
	N/A
	[200]

	
	
	
	N/A
	N/A
	[10]
	[99.99]
	N/A
	[500]

	
	
	
	N/A
	N/A
	[50]
	[99]
	N/A
	[1000]

	
	
	
	N/A
	N/A
	N/A
	N/A
	[1000]
	[50]

	5.9
	Between UEs supporting V2X applications
Fully automated driving
	Up to [2000000]
	N/A
	[10]
	[99.99]
	[10]
	N/A

	5.11
	Between UEs supporting V2X application
	Fully automated driving
	N/A
	N/A
	[100]
	High
	[53]
	[5] sec * (max. relative speed) [m/s]

	5.11
	Between the UE supporting V2X application and the RSU
	Fully automated driving
	N/A
	N/A
	[100]
	High
	[50]
	[5] sec * (max. relative speed) [m/s]

	5.13
	Between UEs supporting V2X application
	Fully automated driving
	N/A
	N/A
	[20]
	High
	[65]
	[5] sec * (max. relative speed) [m/s]

	5.11
	Between the UE supporting V2X application and the RSU
	Fully automated driving
	N/A
	N/A
	[20]
	High
	[50]
	[5] sec * (max. relative speed) [m/s]

	5.16
	Between UEs supporting V2X application
	Set 2:
Fully automated driving
	N/A
	N/A
	[10]
	[99.99]
	[700]
	[500]

	5.20
	Between UEs supporting V2X application
Fully automated driving
	N/A
	N/A
	[3]
	[99.999]
	[30]
	[500]

	5.23
	Between UEs supporting V2X application
	Set 2:
fully automated
	[12000]
	N/A
	[10]
	[99.99]
	N/A
	N/A



· Particular Uu enhancement use case: Extreme higher reliability in Uu transmission 
These use cases require extreme high reliability in Uu transmission, and they are mainly correlated with remote driving. The performance requirements are summarized in Table 5. The extreme higher reliability may be an issue, which needs further study.
Table 5: Uu enhancement use cases summary
	Communication scenario
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max latency
(ms)
	Reliability (%)
	Data rate (Mbps)
	Communication range (meters)

	Use case #
	Description
	
	
	
	
	
	

	5.4
	Between a UE supporting V2X application & V2X Application Server.

either a human operator or cloud computing
	N/A
	N/A
	5
	99.999
	DL: 1
UL: 20
	[500]

	5.21
	Between a UE supporting V2X application & V2X Application Server.

Driver Control
	N/A
	N/A
	[20]
	[99.999]
	UL: [25]
DL: 
[1]
	N/A

	5.22
	Between RSU and UE supporting V2X application
	450
	50
	N/A
	N/A
	DL: [0.5] UL: [50]
	N/A



Observation 2: Based on the analysis of the performance requirements of eV2X, the use cases can be further divided into following categories:
· Category 1 use cases:  These use cases have the similar or slightly higher performance requirements compared with Rel-14 LTE-based V2X, which is expected to be supported by Rel-14 LTE-based V2X with minor specification efforts.
· Category 2 use cases: These use cases require higher data rate and larger communication range than that of Rel-14 LTE-based V2X which needs further enhancements on LTE-based V2X on sidelink and Uu links.
· Category 3 use cases: These use cases require extreme high data rate, extreme high reliability and extreme low latency. Some of them will be a really challenge to support by LTE-based V2X enhancements.
· Particular Uu enhancements use cases: These use cases require 99.999% reliability with median/high data rate in Uu transmission, that should also be involved in work of URLLC in LTE-based evolution (LTE-advanced-Pro)
Work plan for eV2X
Based on the above analysis of the performance requirements, it is possible to support some of the eV2X use cases through enhancement of Rel-14 LTE-based V2X. And LTE-based V2X solutions should be enhanced to cover eV2X services as much as possible. NR-based V2X is specified as complementary to LTE based solutions to cover more advanced services. The work plans for eV2X are provided as following:
· Release 15 WI: Support category 1 and 2 use cases by enhanced LTE-based V2X.
· To specify solutions to meet the requirements from category 1
· To evaluate and identify necessary enhancements to support requirements from category 2 
· To specify solutions to meet the requirements from category 2
· To further discuss work to support category 3 by LTE-advanced-pro and/or 5G NR
With the Rel-15 WI on LTE-based V2X, LTE-based V2X can meet the basic requirement of vehicle platooning application and limited automated driving application. Further work will be expected to support fully automated driving application by LTE-advanced-pro and/or 5G NR.
Proposal 1: LTE-based V2X solutions should be enhanced to cover eV2X services as much as possible. NR based V2X is specified as complementary to LTE based solutions to cover more advanced services.
Proposal 2: Based on the analysis of the eV2X performance requirements, the work plans for eV2X are provided as following:
· Release 15 WI: Support category 1 and 2 use cases by enhanced LTE-based V2X.
· To specify solutions to meet the requirements from category 1
· To evaluate and identify necessary enhancements to support requirements from category 2 
· To specify solutions to meet the requirements from category 2
· To further discuss work to support category 3 by LTE-advanced-pro and/or 5G NR
Conclusion 
In this contribution, the eV2X use case and performance requirements are analysis. Particularly, we have following observations and proposals:
 Observation 1: From the specification aspects, Rel-14 LTE-based V2X can support shorten transmission period, e.g. 20 ms and 50 ms, but the performances of PRR and effective communication range need further evaluation. 
Observation 2: Based on the analysis of the performance requirements of eV2X, the use cases can be further divided into following categories:
· Category 1 use cases:  These use cases have the similar or slightly higher performance requirements compared with Rel-14 LTE-based V2X, which is expected to be supported by Rel-14 LTE-based V2X with minor specification efforts.
· Category 2 use cases: These use cases require higher data rate and larger communication range than that of Rel-14 LTE-based V2X which needs further enhancements on LTE-based V2X on sidelink and Uu links.
· Category 3 use cases: These use cases require extreme high data rate, extreme high reliability and extreme low latency. Some of them will be a really challenge to support by LTE-based V2X enhancements.
· Particular Uu enhancements use cases: These use cases require 99.999% reliability with median/high data rate in Uu transmission, that should also be involved in work of URLLC in LTE-based evolution (LTE-advanced-Pro)
Proposal 1: LTE-based V2X solutions should be enhanced to cover eV2X services as much as possible. NR based V2X is specified as complementary to LTE based solutions to cover more advanced services.
Proposal 2: Based on the analysis of the eV2X performance requirements, the work plans for eV2X are provided as following:
· Release 15 WI: Support category 1 and 2 use cases by enhanced LTE-based V2X.
· To specify solutions to meet the requirements from category 1
· To evaluate and identify necessary enhancements to support requirements from category 2 
· To specify solutions to meet the requirements from category 2
· To further discuss work to support category 3 by LTE-advanced-pro and/or 5G NR
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