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1. Introduction

As the approval of new RAT (NR) study item [1] in RAN #71 meeting, study on NR in 3GPP RAN1 starts from this meeting, RAN1 #84bis. This study should cover various usage scenarios, use cases and requirements for next generation access technologies. This contribution discusses key requirements of eV2X and enabling technologies/design considerations to support various vertical use cases. 
2. Discussion 
2.1. Key Requirements for eV2X
Currently, the following is captured in TR 36.913 [1] for eV2X KPIs. 
Communication availability and resilience for eV2X can be evaluated by the success probability of transmitting [X bytes] with user plane latency requirement (7.5) of [TBD] msec at a certain communication range (e.g., 500 meters) [, and a latency for small packets (7.6) within [TBD] ms].
Though further progress in SA1 is necessary to finalize the KPI values for use cases, we propose followings as tentative design targets for eV2X supporting critical applications such as automated driving, platooning, etc. until SA1 provides more concrete outcome.
· User plane latency: The related use cases such as automated overtake, cooperative collision avoidance, and high density platooning in [2] require 10 ms end-to-end latency. Considering communication via base stations or each hop in case of multi-hop relaying, the target latency in each link should be shorter.

· Communication availability and resilience: The use cases in [2] require the packet reception ratio of 1-10-5 (end-to-end) within the latency requirement. With potentially multi-hop transmissions, tighter requirements at each link are expected. To properly evaluate the effects of interruptions to transmission and reception from mobility (e.g., handover and radio link failure), service interruption from various reasons (e.g., channel is not available due to obstacles or network congestion), etc., it is necessary to evaluate this KPI under realistic deployment scenarios captured in [2] via system level evaluation. 

· Communication range: The target communication range depends on the use case. For example, communication among very closely located vehicles could be okay for platooning use case but those for other services like automated overtake need sufficient communication coverage. Also, it has been assumed in Rel-14 V2X SI/WI that the target range is dependent of the vehicle speed as a longer communication range should be provided for fast moving vehicles in order to provide sufficient reaction time. Waiting for SA1 outcome, 500 m communication range can be used as the initial design target for high speed cases.
2.2. Key Enabling Technologies and Design Considerations

To support various KPIs and use cases in NR, we consider the following enabling technologies and design considerations should be further evaluated in the study. 
2.2.1. eV2X

Similarly to LTE-based V2X, we consider that NR-eV2X should consider both UL/DL operation (i.e., communication via base stations) and sidelink operation (i.e., D2D direct communication) where the optimal choice of the radio interface may be dependent on use cases considering communication ranges and communication type (e.g., localized vs centralized). In the design of NR-eV2X, it is necessary to consider interoperability and tight interworking with LTE V2X system. For example, NR-eV2V protocol, if designed newly in NR, should consider compatibility and/or coexistence with LTE-V2V protocol so that it could be able to interoperate with potentially already deployed LTE-V2V devices. At the same time, to meet the 5G requirements, NR-eV2X needs to consider the following aspects at least. 
· Resilient connection to the network: With more challenging requirements for availability and latency in spite of potentially higher frequency spectrum for eV2X scenario, it is critical to support low hand over latency and extremely low packet drop ratio in spite of radio link failures and fluctuating channel conditions. This is particularly important in eV2X scenarios because of very high vehicle mobility (~250 km/h) and relatively smaller cell range, which can lead frequent cell selection/reselection procedures. One of the potential candidate techniques is to minimize communication interruptions by enabling a UE to continue its communication even when the link to/from a single cell fails.
· Robust communication link: Each packet needs to be delivered to/from vehicles with high reliability in short latency. So the design of DL, UL, and SL should be robust to the error not only in the shared channel but also in the control channel. As mentioned before, each channel’s reliability should be higher than the end-to-end requirement of 1-10-5. In the design, sufficiently efficient resource utilization to handle very dense deployment of vehicles should be also considered. Thus, necessary considerations should be given from the beginning to the areas such as control channel design, HARQ operation, and link adaptation.
· Multi-antenna support optimized for vehicle communications: Due to hostile environments of vehicle communications, particularly to SL operations, from surrounding buildings, obstacles, etc., reliable communication via more number of antennas seems essential for eV2X. It can be noted that a vehicle may have more flexibility in installing antennas, and multi-antenna scheme needs to consider the condition of vehicle mobility and channel environment in the optimization. This would be also important for improving the data rate including the use cases of eMBB application between vehicles and the infrastructure (e.g., infotainments).

· Multicast/broadcast optimized for eV2X message distribution: Many eV2X use cases require the multicast/broadcast features where a message generated in a UE is distributed all the UEs in the target communication range. So, multicast/broadcast will be an important transport options for eV2X. As eV2X communication range is expected to be smaller than the other multicast/broadcast use cases such as TV broadcast, optimization for more localized communication should be considered. In addition, as the target reliability is very high, the benefit of introducing HARQ and link adaptation could be studied.
· SL enhancements: SL will be another important transport option for eV2X, so new functionalities should be considered from the beginning of the study on SL. For example, HARQ-ACK mechanism between vehicles may be essential to meet the high reliability. Furthermore, UE-relaying and forwarding can be considered to extend the coverage of SL transmissions.

2.2.2. mMTC
 To meet the objective of a single framework to address all different use cases, as a starting point, we consider it is necessary to look at the possibility of supporting different use cases by the same spectrum/frequency. With potentially different devices in terms of capability, coverage requirements, hardware capability, and traffic patterns, sufficiently flexible frame structure and numerology of NR is necessary to deploy any new services in the future. More specifically, supporting of potential narrow bandwidth supporting UEs, flexible multiplexing among different subcarrier spacings and CP lengths, efficient QoS/energy consumption mechanisms would be necessary. As a one of enabling technology to minimize interference/impact from different subcarrier spacing, we can consider filtering mechanism as discussed in our companion contribution [4]. Furthermore, for mMTC UEs, extremely low energy consumption uplink transmission for infrequent small data transmission is essential where contention-based uplink access can be considered. To increase the multiplexing capacity, it is also beneficial to consider non-orthogonal uplink transmissions as mentioned by our companion contribution [5].
2.2.3. URLLC
We consider that shorter TTI compared to eMBB case is necessary, particularly in below 6 GHz spectrum for URLLC. To have shorter TTI, larger subcarrier spacing with smaller OFDM symbol size can be considered. This however may restrict the applications due to smaller CP length (or larger CP overhead) compared to eMBB case in the same frequency. Thus, this approach needs to be investigated further in consideration of feasibility of shorter CPs for URLLC applications. Another approach for shorter TTI is to reduce the number of OFDM symbols in one short TTI and allow multiplexing of shorter TTIs for URLLC within one TTI designed for eMBB. Given the potentially better applicability, we prefer the latter approach. To enable low latency even in TDD, as discussed in our companion contribution [6], shorter switching between DL to UL compared to LTE TDD DL/UL configuration and dynamic changes of DL/UL ratio are considered to support low latency requirement of eMBB (e.g. 4msec) and dynamic traffic patterns. Considering URLLC, it could be necessary to allow further switching points between DL and UL compared to eMBB case. Depending on the length of shortened TTI and latency requirement, various special subframe types would be necessary. Further investigation on TDD aspects related to frame structure and HARQ-ACK feedbacks are necessary. Also, it is important to consider supporting URLLC in unlicensed spectrum for some use cases such as closed loop control application of industrial automation use cases [7]. To enhance the reliability of unlicensed spectrum, licensed spectrum assistance via flexible duplex operation to efficiently use underutilized uplink spectrum of FDD band can be considered. 
3. Conclusions

In this contribution, we briefly discussed key enabling technologies for each use case. Mainly, we proposed further investigations on at least (1) Resilient connection to the network, (2) Robust communication link, (3) Multi-antenna support optimized for vehicle communications, (4) Multicast/broadcast optimized for eV2X message distribution, and (5) SL enhancements for eV2X. For mMTC, we proposed to consider on at least flexible spectrum sharing between mMTC and eMBB and efficient uplink transmission. Lastly, for URLLC, we propose to investigate at least onTTI shortening in both FDD and TDD with reliability mechanisms, flexible multiplexing between ULRRC and eMBB with different TTI lengths and licensed assisted unlicensed spectrum utilization via flexible duplex operation. 
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