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1. Introduction
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 [1] 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. Also, in our companion contribution in [2], the evaluation results and analysis of the mobility management are shown.

2. Study on NR eV2X
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 [3]. Also, some use cases, e.g. collective perception of environment described in SA1 TR require of 10^-5 reliability. For the latency, it is discussing in TR38.913 that user plane latency is [3-10 msec] for direct communication via sidelink and [2msec] when the packet is relayed via BS. 
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.
· HARQ
HARQ can be an effective way achieving the high reliability requirement as far as the retransmissions can fulfill the latency requirement. Especially, HARQ operation based on ACK/NACK feedback can provide resource efficiency. As the probability of the final failure after the HARQ operation should be very low, it can be assumed that the target BLER of the initial transmission is not so large (e.g., much less than 10% which was the typical assumption in LTE). Thus, if HARQ with ACK/NACK feedback is operated, the “average” resource consumption for the overall eV2X message transmission will be slightly higher than the resource amount used for the initial transmission. However, if no ACK/NACK feedback is used such as TTI bundling, the total resource consumption to achieve a very low error rate can be substantially higher.
In the design of ACK/NACK feedback based HARQ, ACK/NACK channel reliability can be a bottleneck. Assuming scheduling, data and ACK/NACK channel are independent, we derived the equation of HARQ error in Appendix. Based on the equation, HARQ error is plotted in Fig. 1. In this figure, DC-x, DL-y and UC-z represent the scheduling error rate of 10^-x, the data error rate of 10^-y and the ACK/NACK error rate of 10^-z, respectively.
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Fig.1 HARQ error rate based on the derived equation as the number of retransmission
We can see in Fig. 1 that the final HARQ error is bounded by the multiplication of the data error rate and ACK/NACK error rate. This is because, if data reception fails but the corresponding NACK transmission also fails, the transmitter will assume that the data is successfully received and no further retransmission will be issued as a result. Thus, HARQ design for eV2X should provide sufficiently reliable channel design, especially for the channel used for ACK/NACK transmission. It is noteworthy that such high reliability should be provided even in high UE mobility in eV2X use cases.
In some cases, the channel for scheduling, data, and ACK/NACK is not independent. If data and ACK/NACK transmission happen in the same frequency band with a short time gap for a low HARQ RTT, error probability of data and ACK/NACK can be correlated. In such a case, the NACK-to-ACK error problem occurs more frequently because a deep fading channel realization will degrade the performance of the two transmissions simultaneously. 
· Uu link
Solution for HARQ operation and ACK/NACK feedback will be supported for unicast, but its reliability needs to be checked for the eV2X use cases. No solution has been specified in LTE for ACK/NACK feedback for multicast/broadcast, but for the high reliability transmissions for eV2X, the resource saving effect of explicit ACK/NACK feedback can be noticeable even when the number of receiving UEs is large. Let’s assume that the latency requirement allows two transmissions with the error probability of 10^-2 and 10^-4 after the first and second transmission respectively. If the number of multicast/broadcast receivers is 50, the second transmission needs to happen only with the probability of 0.5. Having ACK/NACK feedback thus saves about half of the second transmission resources.
· Sidelink
Since the ACK/NACK feedback is not supported for the LTE sidelink, new design is required for NR sidelink. However, it would be a discussion point whether ACK/NACK feedback optimized for unicast sidelink is necessary or not. Considering the use cases captured in the current SA1 TR, the initial consideration for the sidelink for eV2X can focus multicast/broadcast targeting the use cases such as platooning service and sensor data sharing. Design for unicast, if needed, can be a special case of multicast where there is only one receiver in the destination group.
· MIMO antenna
Equipped with MIMO antennas, we can enhance the reliability or reduce the latency by obtaining diversity or spatial multiplexing gain. Considering high reliability such as 10^-5 error rate with low latency, diversity gain may be more requirable than spatial multiplexing gain. 
· Uu link
MIMO operation already is supported for the unicast. However, we have to check whether high speed UE can have the reliability of NR eV2X or not. For the multicast/broadcast, receiving UEs can be grouped in a certain region. In order to maximize beamforming gain, beam adaptation is conducted based on a region on which UE groups are located. To design efficient beam adaptation, reference signal or feedback mechanism need to be studied newly.
Also, considering channel aging of high speed UE, openloop scheme is proper to support eV2X UEs. Enhanced SFBC or beam cycling schemes need to be studied.
· Sidelink
Since MIMO operation is not supported for the LTE sidelink, new design is required for NR sidelink. In a current LTE MIMO system, there are three main approaches; feedback mechanism to obtain downlink precoding, SRS approach based on a channel reciprocity and openloop scheme without channel information between links. For the broadcast/multicast, since receive UEs are located in all directions, targeted beamforming can have less gains. The study on open loop MIMO scheme can be firstly focused.
For the unicast, gains may be maximized by using feedback or SRS approaches based on a targeted beamforming. However, considering many of transmitters and receivers, it may not be feasible that both of CSI-RS and feedback resources are designed. For the beamforming gain, it is desirable that the study of SRS approach is more targeted. Also, since beam targeting sometimes is not exact by the UE speed, the introduction of SFBC or beam cycling schemes into NR sidelink are very important.
· Resource allocation
· Uu link
Use cases such as remote driving are expected to generate periodic messages to be transmitted via Uu link with high reliability and low latency. For such a case, use of SPS can be an effective solution in the sense that it can skip the procedure for resource allocation (e.g., SR and BSR) and is free from the error in delivering the scheduling message. It is noteworthy that LTE-based V2X is developing with a similar motivation. 
To ensure the high reliability at the cell edge, we can consider the use of ICIC or CoMP carefully. Also, multicast/broadcast has been studied for LTE V2X and can still be useful in some NR eV2X use cases. In general, multicast/broadcast optimized for transmission to a relatively small cluster can be studied in consideration that the target range of eV2X is not as large as other multicast/broadcast use cases such as TV broadcast.
· Sidelink
Unless full duplex operation is enabled, half duplex constraint is one fundamental limitation in sidelink operations. So, a UE transmitting its own signal in a certain TTI is not able to receive transmissions from any other UEs. It can be easily assumed that the portion of transmission time of each UE is much higher than the reliability requirement. Thus, if there is no coordination among the UEs that need to exchange messages via sidelink, it may be difficult to fulfill the reliability requirement just because the half duplex constraint. In addition, there can be more room to further enhance the sidelink resource allocation being specified in the LTE V2V/V2X WIs in terms of the latency, reliability, and capacity. A thorough study is needed in the sidelink resource allocation for eV2X considering both BS scheduling operation and UE autonomous resource selection.
· In-band emission of sidelink
Studies on sidelink so far have revealed that in-band emission is one of the main cause of determining the system level performance in the sidelink operations. In-band emission model can be dependent of the signal characteristics such as the waveform and subcarrier spacing. As a general consideration point, NR sidelink design for eV2X use case should render sufficiently low in-band emission in the non-allocated frequency resources so that FDM of multiple UE transmissions can be facilitated. So, RAN1 can study what level of in-band emission is needed for the NR sidelink operations achieving the eV2X requirement. In such study, the in-band emission model of LTE sidelink can be the starting point and the need, feasibility, and solution for further reduced in-band emission can be discussed. 
· 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.
3. Conclusion
In this contribution, we overviewed eV2X for New RAT. In order to support high quality of services, e.g. ultra low delay and high reliability, MIMO techniques, sophisticated HARQ process and efficient resource allocations 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 The derivation of HARQ error equation
In this appendix, we derived the equation of HARQ error. In the derivation, we assume no DTX error. Also, scheduling, data and ACK/NACK channels are assumed to be independent. In addition, a, b and c stand for error rates of scheduling, data and ACK/NACK. For convenience sake, Re, DL cont and UL cont represent retransmission, scheduling and ACK/NACK, respectively. The derivation is as follows:

DL cont success (1-a)
Data success  final success ((1-a)*(1-b))
Data fail
	UL cont success
		Re DL cont success ((1-a)*b*(1-c)*(1-a))
			Re Data success  final success ((1-a)*b*(1-c)*(1-a)*(1-b))
			Re Data fail 
				UL cont success  if no transmission, final fail ((1-a)*b*(1-c)*(1-a)*b*(1-c))
				UL cont fail  final fail ((1-a)*b*(1-c)*(1-a)*b*c)
		Re DL cont fail
			Re Data fail
				UL cont success  if no transmission, final fail ((1-a)*b*(1-c)*a)
	UL cont fail  final fail ((1-a)*b*c)
DL cont fail (a)
	Data success  final success (zero probability)
	Data fail
	UL cont success
		Re DL cont success (a*(1-a))
			Re Data success  final success (a*(1-a)*(1-b))
			Re Data fail 
				UL cont success  if no transmission, final fail (a*(1-a)*b*(1-c))
				UL cont fail  final fail (a*(1-a)*b*c)
		Re DL cont fail
			Re Data fail
				UL cont success  if no transmission, final fail (a*a)
		UL cont fail  final fail (zero probability)

The above derivation represents one retransmission about scheduling  data  ACK/NACK  scheduling  retransmission  ACK/NACK. Then, HARQ error can be expressed as 





where ,  and , respectively. If extending the equation to N-th retransmission, HARQ error can be expressed as follows:
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