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1 Introduction

LTE V2X is designed to support the basic V2X services identified in [1] by SA1. The requirements on latency, data rate and reliability are moderate for such basic V2X services. Then, SA1 identifies quite a few advanced V2X services and potential requirements in [2], i.e. platooning, extended sensors, advanced driving, remote driving and general. Most new use cases have extreme requirements on low latency, high data rate and high reliability, which are far beyond the capability of LTE V2X. 

Since RAN plenary #70, a NR study item [3] has already been started which contains a study on V2X. NR supports more advanced features which could enable better V2X operations than LTE. The extreme stringent services [2] have to be supported by NR. While for the services with loose requirement, NR V2X, if designed, can also perform better than LTE. Hence, in this contribution, we provide our high level views on V2X in NR. 

2 Support of V2X use cases

In [2], 25 use cases and related potential requirements are identified which could be categorized into 5 use case groups, i.e. platooning, extended sensors, advanced driving, remote driving and general. The requirements of the use cases vary in large ranges. The majority of new V2X use cases impose quite stringent requirements on the communications, which are far beyond the capability of LTE V2X. For instance, 
· The end-to-end communication latency typically varies in the range from 5 to 30 ms. For extended sensors and advanced driving, the typical latency value should be blow 10ms;

· The required data rate varies from 0.5 Mbps to 1 Gbps in extreme case;

· The required reliability can be quite higher than 90% which is the requirements used in LTE V2X. the requirement is up to 99.999% in many cases;  
· The target communication range varies from 80m to 1000m, which is larger than required communication range of LTE V2X. 

Though the exact requirement values for a certain use case may not be finalized yet, but it is expected that most of those are much more stringent than V2X services identified in [1]. Furthermore, the above aspects of high requirements may happen at the same time which makes new V2X use cases extremely challenging. NR V2X is the only choice.
Given NR V2X must provide above extreme V2X use cases, it is straightforward that NR V2X is capable of supporting other use cases with looser requirement services, including some other use cases in [2] and those offered by LTE V2X [1]. In other words, NR V2X can easily support all V2X use cases [1][2]. In fact, the evaluation results show that LTE V2X can outperform competitor RAT DSRC, however, the gap is not that large. Therefore, it is desirable that NR V2X can support all V2X use cases including those supported by LTE V2X for even better performance, which may strengthen the competitiveness of 3GPP NR. It is then beneficial to support full functionality of NR V2X without dependence on LTE V2X. On the contrary, if NR V2X is only complement to LTE V2X as per what captured in [3], a UE has to support both LTE and NR V2X in order to support all V2X use cases. Further, a careful planning is needed to coordinate eNB and gNB configuration so that better coexistence of LTE and NR V2X is achieved. As a consequence, both UE/eNB/gNB implementation and network planning are much more complicated. 

Observation 1:

· The new V2X use case [2] varies in a large range on the requirements of latency, data rate, reliability, communication ranges;

· Majority of new use cases can only be supported by NR.
Proposal 1:

· NR V2X should support all identified use cases in [1][2] by SA1.

· NR V2X should support full functionalities to operate without dependence on LTE V2X. 
3 Coexistence
Since LTE V2X is specified earlier, it expected to exist a transition time from LTE V2X to NR V2X. Therefore, better coexistence between NR and LTE V2X needs consideration. There could be two Alternatives,

· Alt 1: NR V2X supports the co-channel operation with LTE V2X. 
· Alt 1-1: NR V2X UE should be able to exchange control/data with LTE V2X UE. At this stage, it is not clear if such kind of scheme is workable. 

· Alt 1-2: LTE V2X UE may not be able to receive control/data from NR V2X UE, however, the mutual interferences is well controlled. 

· Alt 2: NR V2X has to be separated from LTE V2X, FDM, TDM, separated carriers can be considered. For example, NR may reserve certain resource region in a carrier (feature supported for forward compatibility) for exclusive use of LTE V2X.
Alt 1-1 is the best from co-existence point of view. If Alt 1-1 is not applicable, Alt 1-2 or Alt 2 can be considered. 
Having some level of commonalities between NR V2X and LTE V2X may help for coexistence. For example, NR V2X may reuse sensing based resource reselection in LTE V2X with possible enhancements at least for same/similar use case supported in LTE [1]. Further, the above commonality also simplifies UE implementation if the UE supports both LTE and NR V2X. Further, co-existence of NR V2X with other RAT, e.g. DSRC needs a study. 

Observation 2:

· Having commonality between LTE V2X and NR V2X is beneficial.
Proposal 2:

· Co-existence between LTE V2X and NR V2X should be studied; 

· To have some level of commonalities between NR and LTE V2X at least for same/similar  use cases as in [1]. 
4 Possible design considerations
According to advanced use cases [3] discussed in section 2, the requirements can be extremely stringent, which cannot be supported by existing LTE V2X. New mechanism must be introduced to fulfil the requirements. We discuss several potential design considerations below. 
Numerology
NR supports flexible SCS and TTI length. With smaller TTI length configured, it is helpful to mitigate half-duplex issue and is beneficial for latency reduction. NR V2X may use a single fixed TTI length or multiple different TTI length can co-exist in a same carrier. 

HARQ

The requirement on reliability can be as high as 99.999%. If a fixed number of retransmission is used, the resource consumption will be extremely high since always the worst condition should be assumed. By means of HARQ transmission based on HARQ-ACK feedback from the receiver side, the number of retransmission varies with channel condition. The average number of transmissions is just slightly higher than initial transmission only. Therefore, it allows better resource utilization. If HARQ transmission is supported, reliability for HARQ-ACK channel transmission needs to be high enough for better protection on the data channel transmission. In addition to unicast, HARQ-ACK feedback can be considered for groupcast/broadcast too. 
Multiple antenna transmission
To support the extreme high data rate, spatial multiplexing/diversity can be considered. Close-loop MIMO is better for performance but requires timely CSI feedback, and it is only possible for unicast. One scenario close-loop MIMO may be helpful is platooning, since all the cars moving in same direction, the relative position and channel may not change that fast. In a general case, an open-loop scheme can be more robust, e.g., STBC or open-loop spatial multiplexing. A slow CSI feedback might be beneficial in such open-loop schemes. 
Resource allocation

Resource allocation is a key factor for performance since the number of vehicles in an area can be quite high. Half-duplex operation is a limit factor that degrades the reception when a UE does transmission. A good resource allocation should minimize the impact of half-duplex operation. Another limit factor in resource allocation is in-band emission. Due to the better windowing or filtering in NR, it is expected that a lower in-band emission is practical than LTE V2X. The use of SPS that already supported in LTE V2X is an efficient way to reduce control overhead. Considering co-channel deployment of LTE V2X and NR V2X, the resource allocation of NR V2X should facilitate coexistence. 
Interference mitigation and collision avoidance

For the new V2X use cases [2], an observation is the increased amount of traffic in an area. In detail, the denser vehicles, the more frequent transmissions and the larger message size. Consequently, the interference level in an area increases especially considering the larger communication range. Therefore, interference mitigation needs consideration. Since dynamic TDD operation is under discussion in NR, several concepts/schemes maybe extended to NR V2X too. 
In LTE V2X, two levels for collision avoidance are considered, i.e. detection based on PSSCH-RSRP of PSSCH scheduled by decoded PSCCH (Step 2) and ranking based on S-RSSI (Step 3). However, if two UEs happen to choose the same resource at the same timing, collisions will continuously occurred in several periods. It is worth a study whether collision between UEs can be further reduced. 
Observation 3:

· To support extreme stringent requirement on latency, data rate, reliability, communication ranges, new mechanisms must be introduced. 
5 Update evaluation assumptions

In accordance to the new V2X use cases identified in [2], evaluation assumptions in SLS/LLS can be updated based on existing assumptions captured in [3]. Especially the following aspects. 

Antenna configuration

In past RAN1 study, it generally assumes that the antennas of a device are co-located. However, antenna locations on a car can be different especially when number of antennas is large. For example, the front and tear are the two most suitable places to deploy antennas, while the left and right sides of a car are also possible. In brief, antennas can be separated into multiple groups and setup up at different places on a car. This increases the possibility of LOS since blocking by the car itself can be avoided. Coordination of the transmissions from the groups of antennas of a car needs more study. 
More practical traffic model

In LTE V2X, two kinds of traffic models, i.e. periodic traffic and event-triggered traffic are considered. However, such simplified model may not help the observation/evaluation on certain issues. CAM traffic is only approximately periodic within a certain interval. For example, there were discussions that partial sensing for pedestrian UEs may not work properly if PUE adopt a behaviour of sleep and wake-up, since sensing information may not be available due to the change of actual PUE traffic generation time after wake-up. Modelling the variance of period of a traffic is helpful for the better design in LTE V2X and NR V2X. 
Transmission scheme
As discussed in section 2, the new use cases may require a peak data rate of up to 1Gbps. MIMO transmission and/or increased resource allocation (> 20MHz or >>20MHz) could be considered. Depending on NR design, the resource allocation may be up to 1GHz in above 6GHz case. If extreme high frequency (>>6GHz) is considered, channel model (small scale and/or large scale) may need change accordingly.
Observation 4:

· Evaluation assumptions must be adapted to match with the V2X use cases and the stringent requirements [2].
6 Conclusions
In this contribution, we analyzed the support of all V2X use cases by NR. Coexistence issue and several potential directions for the enhancements are discussed. Finally, simulation assumptions are discussed to fit with the new use cases. We make the following proposals:
Observation 1:

· The new V2X use case [2] varies in a large range on the requirements of latency, data rate, reliability, communication ranges;

· Majority of new use cases can only be supported by NR.
Observation 2:

· Having commonality between LTE V2X and NR V2X is beneficial.
Observation 3:

· To support extreme stringent requirement on latency, data rate, reliability, communication ranges, new mechanisms must be introduced. 
Observation 4:

· Evaluation assumptions must be adapted to match with the V2X use cases and the stringent requirements [2].
Proposal 1:

· NR V2X should support all identified use cases in [1][2] by SA1.

· NR V2X should support full functionalities to operate without dependence on LTE V2X. 
Proposal 2:

· Co-existence between LTE V2X and NR V2X should be studied; 

· To have some level of commonalities between NR and LTE V2X at least for same/similar  use cases as in [1]. 
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