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1. Introduction
The automotive industry is currently undergoing the demand to support or deal with increasingly complex road situations. Also, some governments and industry consortia such as SAE, VDA, C2C-CC, POLIS, ASECAP, US DoT, Korea KATRI, Japanese SIP, and Amsterdam Group have defined roadmaps to target that highly automated driving will start around 2020, and mature by 2025 [1]. In addition to automated driving, other advanced use cases are identified including assisted driving, high density platooning, vulnerable road user discovery, remote processing for vehicles and so on. In 3GPP RAN plenary #70 agreed NR study item in TR38.913 which contains eV2X study. In addition, SA1 recently agreed an SI for eV2X in [2] with the following objective:
The objective of this study is to identify use cases and potential service requirements to enhance 3GPP support for V2X service in the following areas:
· Support for non-safety V2X services (also, referred to as “comfort service”) (e.g. connected vehicle, mobile high data rate entertainment, mobile hot-spot/office/home, dynamic digital map update)
· Support for safety-related V2X services (e.g. autonomous driving, car platooning, priority handling between safety-related V2X services and other services) 
· Support for V2X services in multiple 3GPP RATs (e.g. LTE, New RAT (NR)) and networks  environment, including aspects such as interoperability with non-3GPP V2X technologies (e.g. ITS-G5/DSRC/ITS Connect) 
In this study, V2X-related use cases and potential requirements already included in TR 22.891 will be considered and new ones could be introduced. 
The identification of use cases and potential requirements will not only cover both evolved LTE RAT and new 3GPP RAT (e.g. NR) but also cover V2X operation using 3GPP RATs where there are non-3GPP V2X technologies (e.g. ITS-G5). 
In this contribution, we discuss our high level view on supporting eV2X use cases in NR.

2. Design approach for eV2X in NR
Two key performance indicators are important in realizing eV2X services mentioned in the above section. One is reliability, and the other is latency. The automated driving in safety-related services requires the reliability of 10-5 to prevent car crashes. The value can be derived by the number of frontal crashes [1]. Also, cooperative collision avoidance requires with a maximum end-to-end latency of 10 ms for vehicles to exchange driving situation and trajectories. 
The target error rate of LTE downlink/uplink is around 10-2-10-3, for sidelink of LTE V2X it is about 10-1 and transmission time interval (TTI) length is 1ms with the HARQ RTT not shorter than 8 ms. Thus, it is very challenging to fulfill the requirement of such a very low error rate under the tight end-to-end latency requirement unless the fundamental part of NR design takes into account the eV2X-related operations from the beginning. In addition, a higher data rate compared to LTE V2X is expected for the eV2X service, even for those requiring tight reliability and latency requirement due to the increase of information to be shared among vehicles.
LTE V2X are considering all the uplink, downlink, and sidelink or their combination for the interface connecting vehicles with other vehicles, pedestrians, and infrastructure. The same consideration should be taken for eV2X as well because different interface/link can be the optimal selection for different use cases. For example, SL can provide better efficiency by more spatial resource reuse for the short-range communication such as that for platooning. On the other hand, the use of UL/DL is evident for remote driving where the vehicle is controlled by a remote entity. More detailed discussions are provided in the following sections.

3. Study on NR sidelink for eV2X
In terms of NR sidelink for eV2X, main study points include the following:
· How to achieve the required resilience and availability (e.g., 1-10-5) for critical messages
As discussed above, very high reliability should be attained under strictly latency requirement. Path loss between the transmitter and receiver is generally large in SL due to lower antenna height, so achieving the target coverage can be a challenge. Also, restrictions in the resource usage can be another difficulty. Transmission and/or reception of SL may be unavailable in some time duration, e.g., for multiplexing with UL/DL operations or due to half duplex constraint. The required reliability and latency should be fulfilled under these restrictions.
· How to support higher traffic load
LTE SL has assumed relatively low traffic load such as VoIP (in Rel-12/13 D2D) and road safety messages (in Rel-14 V2X). As eV2X message size and message generation rate can increase to deliver more information more frequently in the use cases such as sensor sharing, NR SL needs to target a higher data rate.
· How to coexist NR SL and LTE SL
For smooth migration from LTE SL to NR SL, coexistence between NR SL and LTE SL needs to be studied. Since LTE SL is designed prior to NR SL, there would be transient time from LTE SL to NR SL, where LTE SL and NR SL coexist. Message exchanges between LTE SL UEs and NR SL UEs could be necessary, for example, to support basic road safety services based on CAM, DENM, BSM, while more advanced services can be limited to NR SL operations. This may require some level of compatibility between LTE SL and NR SL for better coexistence. For example, LTE SL and NR SL can share the same synchronization reference so that they can be orthogonalized within a carrier, or, NR SL can take some features of LTE SL as one of its operation configurations if NR SL can have enough flexibility.
Related to the above study points, technical areas for the initial study can be listed as follows:
· Enhanced resource allocation covering uncast and multicast/broadcast
Specification work is ongoing on the enhancement to LTE SL resource allocation covering both scheduling from BS and autonomous resource selection by UE. This can be a good starting point of NR SL resource allocation design. However, LTE SL has been focused on multicast/broadcast, but eV2X is expected to include use cases where unicast operation is more suitable. So the resource allocation scheme optimized not only for multicast/broadcast but also for unicast needs to be studied to achieve the requirement effectively. One possible point that needs to be additionally considered in NR SL is to mitigate the impact of half-duplex constraint in achieving very high packet reception ratio. Let us assume that UE 1 needs to perform transmission for some time duration in order to reach the required coverage and needs to perform reception from UE 2. In this example, if the portion of UE 1’s transmission time is larger than the required packet reception ratio and UE 2’s transmission time is determined independently of UE 1’s transmission time, even if UE 1 receives UE 2’s transmission with no error, the service requirement cannot be met when not performing transmission. 
· SL physical format design
SL physical format should be carefully considered. Though eV2X requires a tight end-to-end latency such as 10 ms, unless multi-hop relaying is used, SL has relatively more room than UL/DL-based operation in terms of the latency due to its direct communication nature. Thus, more time budget can be assumed for SL format design and this can be helpful in overcoming relative large path loss in SL by allowing a longer transmission time for each SL channel. In any case, commonality to NR UL/DL channels should be considered for the simplicity of specification and implementation.
· Multi-antenna technology for diversity as well as spatial multiplexing
LTE SL design did not take multi-antenna technology into consideration. When vehicle UEs are equipped with multiple TX and/or RX antennas, diversity in the antenna domain can be exploited to improve the communication reliability. Also, if the channel condition is allowed, multi-rank transmission can be introduced to NR SL in order to support higher traffic load more efficiently.
· Introduction of HARQ
Currently LTE SL has no HARQ operation, but introduction of HARQ may be essential to achieve high reliability which is difficult or inefficient to be attained by a single-shot message transmission. HARQ operation can be considered not only for unicast transmissions but also for multicast/broadcast transmissions as the reliability improvement can be necessary for both cases.

4. Study on NR uplink/downlink for eV2X
We discussed in [3] about how to evaluate eV2X use cases based on uplink/downlink. As there are two types of packet loss that can be separately evaluated and analyzed as discussed in [3], technical consideration can also be separated accordingly as follows:
· Handling packet loss caused by communication interruption
Here, packet loss happens when a packet cannot be sent via the air interface because the communication between UE and network is interrupted, e.g., due to radio link failure, handover failure, and so on. Simulation result for the LTE case is provided in Appendix, and this reveals that the target CAR in [3] cannot be met if no enhancement is made compared to LTE due to high probability of communication unavailability.
In order to cope with this loss, more robust communication needs to be set up between UE and network. Several examples can be considered as follows:
· Enabling communication to/from multiple BSs: A UE can transmit and/or receive to/from multiple BSs in parallel such that the overall communication can be maintained even when communication to/from a single BS is temporally broken.
· Connectionless uplink transmissions: A UE can perform UL transmissions even when connection to network is not set up. This may also be useful in reducing the overhead of managing a large number of vehicles moving fast.
· Mobility management: General mobility management procedure can be enhanced, e.g., in order to minimize the interruption caused by handover.
· Handling packet loss caused by channel error
Here, packet loss happens when a packet is transmitted via the air interface but not correctly delivered due to the error in the channel, e.g., due to channel fading, interference, etc. In order to maintain the required reliability level, the following areas need to be studied:
· Robust control/data channel TX/RX design: When the communication is available, high level reliability could be achieved if many time/frequency resources are used for a single packet transmission. However, the number of UEs participating in eV2X can be very large, so the target performance should be obtained with efficient resource usage. So, the physical channel should be sufficiently reliable even under high UE mobility with limited resource consumption.
· Reliable HARQ operation for unicast and multicast/broadcast: HARQ can be a solution to provide high reliability in an efficient way. As eV2X use cases are expected to cover all the unicast, multicast, and broadcast, HARQ design should be considered for them. In designing HARQ, control channel performance needs to be carefully considered as eV2X requires tight latency. For example, if UE fails to receive DL transmission but its HARQ feedback has an error so that the network assumes that the corresponding packet is successfully received, it may take a long time to recognize this error in other operations (e.g., by the upper layer protocol) and violate the latency requirement.
· Multicast/broadcast: Some eV2X use cases require multicast/broadcast operations typically in relatively localized area. So it is needed to study mechanisms for low latency and high reliability multicast/broadcast.

Another area to consider is tight inter-working between SL and UL/DL. NR coverage may be limited in the initial phase, so the benefit of switching between UL (when NR coverage is available) and SL (when NR coverage is not available) needs to be studied to ensure the continuous eV2X service in NR. It is noteworthy that Rel-14 LTE V2X has the objective of the path switching between UL/DL and SL, and this study can be regarded as its enhancement.

5. Conclusion
In this contribution, we overviewed eV2X for New RAT. The automotive industry, governments, and industry consortia plans to make the automated driving possible by 2020 year. Also, the other advanced services are defined related to vehicles, and should be prepared. In order to support high quality of services, e.g. ultra low delay and high reliability, MIMO techniques and sophisticated HARQ process are essential in NR eV2X field. Also, for the transient time from LTE sidelink to NR sidelink, coexistence of LTE and NR SLs has to be studied. 
______________________________________________________________________
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Appendix Evaluation of LTE handover mechanism under eV2X scenario

This appendix shows the evaluation result of LTE handover mechanism under eV2X scenario. The deployment scenario is aligned with the highway scenario in [4] and assumptions for the LTE mobility management mechanism are based on [5]. Details are summarized in the following table:

Table A.1: Simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Layout
	Macro only with one dimensional highway as in Figure A.1

	ISD
	500 m

	BS transmission power
	46 dBm

	Number of antenna
	2 TX @ BS, 2 RX @ vehicle

	Vehicle speed
	140 km/h

	TimeToTrigger [ms]
	160

	a3-offset [dB]
	2

	L1 filtering time
	200ms

	L3 filter parameter K
	1

	Measurement error modeling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133). The RSRP measurement error can be added before or after L1 filter as long as the error requirement mentioned above is met at the input of L3 filter.
For calibration purposes, there is no measurement error modelling with wideband CQI for radio link monitoring and HOF decision.

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms



[image: ]
Figure A.1. One dimensional highway on the hexagonal cell layout of ISD = 500m.

The following table summarizes the simulation results which are expressed in terms of the handover failure rate and the average interval between handover failures. For example, when the cell loading is 50 %, a vehicle moving at 140 km/h experiences handover failure once in about 100 sec. If this failure leads to one message loss and the message is generated every 10 ms, the results leads to at least 1 message loss in every 10000 generated messages. As a result, the message loss rate becomes around 10-4 even if all the messages other than those interrupted by the handover failure are successful. It cannot be met with the target reliability of 10-5.

Table A.2. Handover failure simulation results
	
	Cell loading 25 %
	Cell loading 50 %
	Cell loading 100 %

	Average time of stay in a cell
	4.27 sec
	4.21 sec
	4.31 sec

	Handover failure rate
	0.53 %
	4.37 %
	21.05 %

	Average interval between handover failures
	797.28 sec
	96.38 sec
	20.48 sec
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