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1   Introduction
In R14, the LTE based V2X targets to study and specify the enhancement to both LTE PC5 transport and Uu transport to support basic safety and non-safety V2X services, such as collision warning, emergency stop warning, automated parking assistance, traffic route information support, and so on. Three types of vehicular communication, such as V2V, V2P and V2I/N) are studied in the R14 V2X relevant WI. According to the LTE based V2X WID [1], the core part WI is planned to be 100% complete in March 2017.
On the other hand, in order to support the technological and societal change in the near future for automotive verticals, SA1 initiated the study on enhancement of 3GPP support for V2X services [2]. Currently, the requirement study of eV2X has been completed in SA1. According to outputted TR 22.886 [3], 25 use cases and corresponding service requirements are identified to support enhanced V2X services, which are featured by low latency, high reliability, high data rate and large transmission range. 
In order to support these advanced V2X applications, it is anticipated that RAN could initiate the eV2X study once the LTE based V2X WI is completed. However, there is divergence on the future work plan, for example, whether the LTE based eV2X enhancement, or NR based eV2X study or both LTE-based eV2X and NR-based eV2X should be started. 
In this paper, we first discuss the eV2X service requirements identified by SA1 and analyze the performance requirements of eV2X such as latency, reliability, message size, data rate and communication range. Then we compare the performance requirement of eV2X with that of V2X and discuss the feasibility of LTE based eV2X. Finally, we present our idea towards future work plan of eV2X. 
2   Discussion
SA1 requirements for eV2X
In this section, we first introduce the eV2X use cases and potential requirements in terms of latency, reliability, message size, data rate and transmission range. According to TR 22.886 [3], 25 eV2X use cases are identified and they can be divided into five families of use scenarios: platooning, extended sensors, remote driving, automated driving and general case. The performance requirements of the five eV2X families of usage scenarios are summarized in Table 1.
Table 1 eV2X use cases and performance requirements
	eV2X family
	Use cases
	Latency
	Reliability
	Message size
	Data rate
	Transmission range

	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
	5ms,
10ms,
20ms,
25ms,
500ms
	90%,
99.99%
	50~1200bytes
300~400bytes
6000bytes, 
6500bytes
	2.5Mbps, 2.75Mbps, 
50Mbps,
65Mbps,
	5/10sec * (max. relative speed) 

	Extended sensors
	5.3 Automotive: sensor and state map sharing
5.6 Collective perception of environment
	3ms,
10ms,
50ms, 
100ms
	90%,
99%,
99.99%,
99.999%
	1600bytes
	25Mbps,
1Gbps 
	200m, 
500m, 
1000m

	Remote driving
	5.4 eV2X support for remote driving
5.21 Teleoperated support
	5ms, 
20ms
	99.999%
	
	1Mbps at DL,
20/25Mbps at UL
	

	Automated driving
	5.9 Cooperative collision avoidance of connected automated vehicles
5.10 Information sharing for limited automated driving 
5.11 Information sharing for full automated driving
5.16 Video data sharing for assisted and improved automated driving
5.17 Changing driving-mode
5.20 Emergency trajectory alignment
5.22 Intersection safety information provisioning for urban driving
5.23 Cooperative lane change of automated vehicles
	3ms, 
10ms,
25ms,
50ms,
100ms
	90%, 99.99%, 99.999%
	300~400bytes;6000bytes, 6500bytes, 
12Kbytes,
2MByte
	0.55Mbps, 
0.5Mbps, 
10Mbps, 
30Mbps,
50Mbps, 
53Mbps, 
700Mbps,

	100m, 500m,  5/10sec * (max. relative speed) 

	General case
	5.7 Communication between vehicles of different 3GPP RATs
5.8 Multi-PLMN environment
5.14 dynamic ride sharing
5.15 Use case on multi-RAT
5.18 Tethering via vehicle
5.19 Use case out of 5G coverage
5.24 Secure software update for electronic control unit
5.25 3D video composition for V2X scenario
	
	
	
	10Mbps at UL for use case 5.25
	


With platooning as an example, it is operating a group of vehicles in a closely linked manner so that the vehicle moves like a train. There are five eV2X use cases related with it and these use cases have different performance requirements. As we can see in Table 1, the maximum end-to-end latencies for V2X message transfer in platooning scenario vary within 5ms, 10ms, 20ms, 25ms and 500ms. The reliability requirements are 90% and 99.99% respectively for different use cases. In addition, it is necessary to support variable V2X message size of 50~6500bytes. The data rate requirement ranges from 2.5Mbps to 65Mbps. And the V2X message transmission range varies with maximum relative vehicle speed. 
For the extended sensors, remote driving and automated driving, they also have different ranges of performance requirements. It is worth noting that the end-to-end latency of several extreme use cases can be as low as 3ms whereas the data rate can be as high as 700Mbps/1Gbps. And the reliability requirement could reach 99.999%. Different transmission ranges are related with different reliability, latency and data rate requirements. 
When it comes to the transport of V2X message, both uplink/downlink and sidelink should be considered. For the remote driving, it requires the human operator or cloud computing to remotely control vehicle and it is natural to use the uplink and downlink delivery. For the other eV2X categories, both uplink/downlink and sidelink could be used. 
Observation 1: eV2X use cases can be divided into five families of use scenarios: platooning, extended sensors, remote driving, automated driving and general case. They have different requirements on latency (3ms~500ms), reliability (90%~99.999%), message size (50~2MByte), data rate (0.55Mbps~1Gbps) and transmission range (variable with vehicle speed).
Considerations on the eV2X study
Considering the growing importance of advanced V2X applications, it is necessary for the 3GPP system to increase its capability to meet the KPIs of these eV2X use cases. Since the SA1 has completed the eV2X requirement study, it is natural for RAN to initiate the eV2X study as soon as possible. 
However, it is controversial whether the eV2X study should be based on LTE or NR or both. As we know, LTE-based V2X in R14 is designed to support the basic set of V2X services. One possible way is to enhance it to support some eV2X use cases with moderate requirements. For the eV2X use case with very stringent requirement, only NR has the potential to meet the requirement. In this section, we will present our ideas about how to precede the eV2X study. 
LTE based eV2X
The performance requirement for basic V2X services is shown in Table 2. In this subsection, we will compare the performance requirement of V2X and eV2X and then discuss whether the performance requirement could be supported by LTE based enhancement.
Table 2 LTE based V2X performance requirements
	Types of V2X
	Latency
	Reliability
	Message size
	Data rate
	Transmission range

	V2V, V2P, V2I
	20ms, 100ms, 
	80% ~ 95%
	50~1200bytes
	93kbps (maximum frequency of 10 V2X messages with message size 1200bytes per second)
	4 sec * (max. relative speed) [m/s]


· Latency：For the latency requirement, only 100ms latency requirement is supported in current R14 V2X design. As we know, smaller packet transmission periodicities such as 20ms and 50ms are also supported on PC5 in R14, it is quite promising that the eV2X use cases with latency requirement of 20ms, 25ms and 50ms could be supported with enhancement for LTE based V2X communication on PC5. On the other hand, the shorten TTI and processing time for LTE is under study. The objective of this WI is to specify shortened TTI operation and shortened processing time for both legacy TTI(1ms) and shortened TTI. According to the LTE based sTTI study, one 0.5ms time slot could be divided into 3 sTTI. And it is assumed that the timing between DL grant and HARQ feedback as well as between UL grant to sPUSCH is n+6. In this case, the RTT time is 2ms for Uu transmission. For the RRC_CONNECTED UE, suppose the initial transmission success probability is 90%, the data plane latency is 1.2ms (1+2*0.1). In our opinion, the study result of LTE sTTI WI could be leveraged in LTE based eV2X. In that case, it may be possible to support the 3ms latency requirement through LTE based eV2X sidelink enhancement. 
· Reliability: The maximum reliability requirement for basic V2X services is 95%. Current R14 V2X design only utilizes multiple retransmissions to ensure the reliability. As we know, the WAN packet error loss rate in LTE should reach to 10-6. This is achieved by the aid of HARQ/ARQ feedback and collision free resource allocation (eNB scheduled resource allocation). For the eV2X, the reliability could also be improved by introducing more retransmissions and HARQ/ARQ feedback for V2X sidelink communication. On the other hand, the resource allocation for V2X sidelink communication could be further enhanced to resolve the potential collisions. Therefore, it is possible to support the high reliability requirement comparable to WAN (99.999%) in eV2X through the enhancement of LTE. 
· Message size：LTE based V2X support a message size of 50~1200 bytes whereas the eV2X requires to support message size of 50~6500bytes. In our opinion, it should not be an issue for LTE to support eV2X message size of 50~6500bytes. The large V2X message size could be support by larger TB allocation in MAC layer and the segmentation mechanism in RLC layer. 
· Data rate: Most V2X use cases require the maximum frequency of 10 V2X messages per second and the message size is of 50-300 Bytes, which can be up to 1200 Bytes. Based on these requirements, the maximal data rate for V2X is 93kbps. When it comes to the eV2X, higher data rate is required, which can be up to 1Gbps. Assume 20M bandwidth is exclusively used for LTE based V2X sidelink communication with 16QAM modulation order, 0.8 code rate and 4 symbols DMRS and gap overhead, the achievable throughput for sidelink is 0.0384Gbps (100(RB) * 12(subcarrier) * (14-4)(symbols) * 4(bits) * 0.8(code rate) * 1000(ms)). However, if we increase the MCS as well as the number of carriers used for V2X sidelink, the achievable data rate for sidelink could be improved substantially. What is more, the MIMO could be used to further increase the data rate. For example, if 64QAM modulation, 2*2 MIMO and 8 carriers are used simultaneously, the data rate for V2X sidelink communication could reach 0.9216Gbps. As we can see, it may be possible to support the data rate of tens of mega bps by means of LTE based V2X enhancement, such as higher MCS, MIMO and multi-carrier techniques.
· Transmission range: The maximal transmission range requirements for V2X and eV2X are 4 sec * (max. relative speed) [m/s] and 10sec * (max. relative speed) respectively. The transmission range of eV2X is relatively higher than that of eV2X. In our opinion, the larger transmission range could be achieved by increasing the V2X sidelink transmission power of vehicle UE. It is worth noting that this kind of transmission power adjustment may lead to more interference and collision. However, this could be achieved by enhanced resource allocation and the multi-carrier techniques as mentioned before. 
As we can see, it is possible to support most of eV2X use cases through the LTE based V2X enhancement. The techniques, such shortened TTI, HARQ/ARQ feedback, MIMO, multi-carrier and advanced resource management could be enhanced for sidelink communication to meet the eV2X requirements. In addition to the technical factors, operator’s preference should be considered. Taking into account the deployment and operation cost and RAN agreement that it is not intended for NR based eV2X to replace the services offered by LTE based eV2X but to complement LTE based eV2X for advanced eV2X services and support interworking, smooth evolution of LTE based eV2X is expected to support many eV2X use cases in E-UTRAN. Based on the above analysis, it is suggested that the LTE based eV2X be studied first to support the eV2X use cases with moderate service requirement as much as possible.
Proposal 1: It is suggested that the LTE based eV2X be studied in R15 to support the eV2X use cases as much as possible. The techniques, such shortened TTI, HARQ/ARQ feedback, MIMO, multi-carrier and advanced resource management could be enhanced for sidelink communication to meet the eV2X requirements.
NR based eV2X
According to TR 38.913 [4], the RAN design for NR V2X shall provide communication via infrastructure as well as sidelink for V2X services and advanced V2X services. Instead of replacing the services offered by LTE V2X, the NR V2X shall complement LTE V2X for advanced V2X services and support interworking with LTE V2X. For the eV2X use case with extreme performance requirement, such as 1Gbps data rate, NR is more eligible to meet the requirement. 
As a matter of fact, the performance requirement in NR is even higher than that of eV2X. For example, the target for peak data rate should be 20Gbps for downlink and 10Gbps for uplink. For URLLC in NR, the target for user plane latency should be 0.5ms for UL and 0.5ms for DL. A general URLLC reliability requirement in NR for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms. Based on the above NR design target, it should be not difficult to support the eV2X extreme use case requirement with NR. 
As we know, the NR access technology was initiated in March 2016. The normative specification would occur in two phases. Phase I is to be completed in June 2018 whereas Phase II is to be completed in December 2019. The NR study targets a technical framework addressing the usage scenarios and requirements of eMBB, mMTC and URLLC. In our opinion, the solution for eMBB could possibly be reused to realize the high data rate requirement of eV2X. And the solution for URLLC could possibly be reused to realize high reliability and low latency requirement in eV2X. However, the study of eMBB and URLLC is still ongoing without detailed specification yet. It means it’s too early to make a determination without having the details. 
In a sum, it is suggested that NR based eV2X study begin in R16. During the course of NR WI study, the LTE based eV2X could be studied first in R15 to support the eV2X use cases as much as possible, as shown in Figure 1. For the eV2X use cases with extreme service requirement, it could be studied in NR based eV2X in R16. 
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Figure 1 Illustration of V2X study phase
Observation 2: The NR based eV2X may require more substantial changes and depends on a lot of other technologies (eMBB for high data rate, URLLC for low latency and high reliability) which is still under discussion and should to be studied in a unified manner to Rel-14 V2X/Rel-15 eV2X and NR design for eMBB/URLLC.  
Proposal 2: It is suggested that NR based eV2X be studied in R16 in a unified manner to Rel-14 V2X/Rel-15 eV2X and NR design for eMBB/URLLC in support of eV2X use cases with extreme service requirements. 
3   Conclusion
In this paper, we first discussed the eV2X service requirements identified by SA1 and analyze the performance measures of eV2X such as latency, reliability, message size, data rate and communication range. Then we compared the performance measures of eV2X with that of V2X and discuss the feasibility of LTE based eV2X. Finally, we presented our idea towards future work plan of eV2X. Several observations and proposals were derived.
Observation 1: eV2X use cases can be divided into five families of use scenarios: platooning, extended sensors, remote driving, automated driving and general case. They have different requirements on latency (3ms~500ms), reliability (90%~99.999%), message size (50~2MByte), data rate (0.55Mbps~1Gbps) and transmission range (variable with vehicle speed).
Proposal 1: It is suggested that the LTE based eV2X be studied in R15 to support the eV2X use cases as much as possible. The techniques, such shortened TTI, HARQ/ARQ feedback, MIMO, multi-carrier and advanced resource management could be enhanced for sidelink communication to meet the eV2X requirements.
Observation 2: The NR based eV2X may require more substantial changes and depends on a lot of other technologies (eMBB for high data rate, URLLC for low latency and high reliability) which is still under discussion and should to be studied in a unified manner to Rel-14 V2X/Rel-15 eV2X and NR design for eMBB/URLLC.  
Proposal 2: It is suggested that NR based eV2X be studied in R16 in a unified manner to Rel-14 V2X/Rel-15 eV2X and NR design for eMBB/URLLC in support of eV2X use cases with extreme service requirements. 
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