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Introduction
LTE V2X was introduced in Rel-14 to support service goals identified by SA1 [1]. In LTE Rel-15, V2X was enhanced to support new features including carrier aggregation, latency reduction, etc. V2X specified in LTE Rel-14 and Rel-15 well fulfills the basic safety requirements for vehicular communications.
[bookmark: _GoBack]SA1 has completed the study of new use cases to enhance the 3GPP V2X communications to support advanced service requirements [2]. The new use cases can be categorized into four groups: vehicles platooning, extended sensors, advanced driving and remote driving. These advance V2X services not only require new technical solutions, for example, to support sidelink unicast, but also have higher requirements in terms of communication performance, e.g., lower latency, higher reliability, etc. NR V2X lower layer design needs to be enhanced with these new features and requirements taken into consideration. To fulfill these requirements, several technical aspects have been identified for study in the new NR V2X SI [3]. In this paper, we discuss the potential enhancements to resource allocation for NR V2X design.
NR V2X Resource Allocation
LTE V2X supports both centralized and autonomous resource allocation, or Mode 3 and Mode 4. In Mode 3, eNB allocates resources for sidelink transmissions, so collisions can be avoided. While for Mode 4, a sensing-based resource selection mechanism has been introduced to alleviate collisions between V2X transmissions. For NR V2X it is natural that there are scheduled and autonomous resource allocations to fulfil the advanced V2X service requirements in various scenarios. The autonomous resource selection should be such that it allows operation independent of network.
Proposal 1:  For NR V2X, like LTE V2X both scheduled and autonomous resource allocations need to be defined. Like LTE V2X, the NR V2X autonomous resource allocation should be able to operate independent of network.
In LTE V2X autonomous resource allocation, a UE has packet arriving decodes PSCCH as well as measures the received signal power; the resources associated to either higher packet priority or higher received signal power are ruled out first; the UE then selects resources with lower received signal power in the remaining resources for transmission. When PC5 transmission is dominated by periodical/semi-periodical traffic arrivals, this sensing-based approach effectively reduces collisions thanks to the predictable interference patterns. 
For NR advanced V2X applications, however, more messages will be transmitted in a triggered manner. For example, information sharing in platooning/automated driving, collective perception of environment (CPE), etc. [2] Such burst transmissions will definitely lead to a less predictable interference pattern, which makes the long-term sensing along with semi-persistent resource allocation-based approach a bad fit. In other words, more flexible resource allocation mechanisms are necessary to support arbitrary traffic patterns on NR sidelink. Furthermore, according to [2], NR advanced V2X services require very high reliability. For example, cooperative collision avoidance (CoCA) of automated vehicles requires 99.99% reliability; the reliability requirements for some other services, e.g., remote driving, CPE, emergency trajectory alignment, etc., are even higher (99.999%). Such reliability requires the probability of collisions to be very small. It is unlikely that the sensing-based resource allocation used in LTE-V2X can meet these very high reliabilities with arbitrary traffic patterns.
Based on the above observations, we have the following proposal:
Proposal 2: NR V2X autonomous resource allocation should be able to support arbitrary traffic patterns and target very high reliability service requirements.
Next, we provide some preliminary thoughts on autonomous resource allocation for NR V2X.
Listen-before-Talk (LBT)
LBT has been proved an effective mechanism ensuring channel sharing while avoiding collisions. Note that, sensing in LTE V2X is also an LBT approach, but it functions in a more conservative manner (decode PSCCH and measure energy) and works only for semi-persistent transmissions. For NR V2X, we can consider introducing a more proactive LBT mechanism that can allow contention for potentially every slot.
For example, dedicated LBT signals can be introduced to indicate the resource reservation. More specifically, a UE has traffic arriving transmits LBT signal to indicate the occupation of specific resource in upcoming slots, if there is no other LBT signals indicating the reservation of that resource. This means that before transmitting, the UE first monitors LBT signals from other UEs to ensure that the intended resources will not be occupied.
LBT-based approach is flexible enough to support arbitrary traffic arrivals. But the design details and performance need to be further studied. Note that to enable LBT, certain amount of resources needs to be reserved/allocated for LBT signals, and LBT signal is also subject to half-duplex constraint, i.e., LBT signal collision may happen when more than one UE are transmitting LBT signal at the same time. The half-duplex issue should be considered as well when studying LBT mechanisms for NR V2X. 
Proposal 3: Study the performance of autonomous resource allocation based on LBT signals on potentially every slot.
Handshake-based Sidelink Transmission
Due to the half-duplex constraint, enabling LBT only at transmitter side may not be able to meet very high reliability requirements. A further enhancement to autonomous resource allocation is to introduce a handshake mechanism. One example here is the Request-to-Send (RTS)/Clear-to-Send (CTS) approach: a transmitter has packets coming transmits RTS signal first; the channel is available if it successfully decodes CTS signal from receiver. An example is shown in Fig. 1. RTS/CTS well addresses the hidden node problem, and thus further reduces collisions.
[image: ]
Fig. 1. RTS/CTS mechanism 
A similar approach can be considered for NR V2X to improve reliability. For example, a UE with packet arriving transmits a request signal; other UEs that receive the request signal transmit response signal. The UE transmits data packet only when it receives the corresponding response signal. Priority can also be incorporated in the request-response mechanism, e.g., a specific request signal may associate to a certain priority class. Details need to be studied further. What should be noted is, request-response based resource allocation may be especially helpful to improve reliability for unicast and groupcast transmissions. However, one issue that needs to be studied is the overhead associated with. 
Proposal 3: Study the request/response type handshake mechanisms to further improve reliability for unicast/groupcast transmissions. 
Resource Allocation by UE-type RSU
NR V2X resource allocation may be able to take advantage of the presence of UE-type RSUs. For example, an RSU may coordinate the transmissions of UEs in its vicinity to reduce or avoid collisions. Since a UE-type RSU may be less capable than an eNB/gNB-type RSU, such coordination may not as powerful (and thus, complex) as scheduling by eNB/gNB (Mode 3), which means resource allocation by UE-type RSU may have simplified functionality compared with eNB scheduling. Nevertheless, such simplification may show some other benefits. For example, smaller latency since RACH (or establishment of connection between UE and UE-type RSU) and handover (between UE-type RSUs) can be simplified; signalling overhead may also be reduced due to the simplification. 
Proposal 5: Study the feasibility to enable UE-type RSU scheduling for NR sidelink transmissions.

Conclusions
In this paper, we discussed the potential enhancements to sidelink resource allocation to meet the advanced V2X service requirements and have the following proposals.
Proposal 1:  For NR V2X, like LTE V2X both scheduled and autonomous resource allocation need to be defined. Like LTE V2X, the NR V2X autonomous resource allocation should be able to operate independent of network.
Proposal 2: NR V2X autonomous resource allocation should be able to support arbitrary traffic patterns and target very high reliability service requirements.
Proposal 3: Study the performance of autonomous resource allocation based on LBT signals on potentially every slot.
Proposal 4: Study the request/response type handshake mechanisms to further improve reliability for unicast/groupcast transmissions. 
Proposal 5: Study the feasibility to enable UE-type RSU scheduling for NR sidelink transmissions.
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