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Introduction
The study item for NR V2X was approved [1] in RAN#80 and the objectives were identified in relation to resource allocation:
	This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:

1: Sidelink design [RAN1, RAN2]:
	Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
-	Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
-	Study NR sidelink physical layer structures and procedure(s)
-	Study sidelink synchronization mechanism
-	Study sidelink resource allocation mechanism (also including objective 3)
-	Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
	Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
	Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network
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NR V2X has identified a set of use cases to be achieved, with the key focus areas on managing low-latency, high reliability and diverse QoS levels for a given application service. New 5G-based systems have to handle fully automated driving, remote driving and platooning scenarios, for which the existing LTE eV2X system has to be significantly enhanced.
In this section, we identify the shortcomings of the existing resource allocation scheme in LTE eV2X, and recognize the gaps present. This enables the implementation of the advanced use cases of NR V2X listed in [1].


Lack of Shortened TTI to Cater to Low Latency Use Cases
Automated driving and remote driving scenarios require that messages between the UEs supporting V2X have to be sent with a minimum end-to-end latency of as low as 3ms [2]. The current V2X system supports an SCS of only 15KHz with a TTI length of 1ms, with additional processing time required across layers. The overall end to end latency observed in an LTE V2X system exceeds the aforementioned latency requirements and can be at least 111.6ms for mode 3 UEs and 95.1ms for mode 4 UEs [3, Table 2]. Therefore, it is imperative to study the possibilities of reducing the physical layer latency drastically in order to cater to the new NR V2X use cases.

No Support for Platooning Applications
Platooning is a new service supported by NR V2X that enables vehicles to travel as a group and communicate within themselves. For this, the support of groupcast communications is lacking in LTE eV2X systems as it focused primarily on broadcast mechanisms.
Platooning as such brings with it a series of requirements, which need to be met for it to be successfully deployed – low latency live video feed exchange between the vehicles, high reliability for emergency braking scenarios, and shared resources within a closed group for data exchange of extended sensor information.

Lack of Feedback Mechanisms in LTE V2X 
LTE eV2X catered only to broadcast scenarios and hence did not adequately provide any support for unicast/groupcast communications. While the existing system has the provision to blindly retransmit a given packet, the main issue with such an implementation is the lack of any feedback for a transmitted message. This feedback enhances the reliability of a unicast/groupcast message.
This is explored in more detail in our contribution [4] under Section 7.2.4.1.1.

Utilization of Advanced Resource Allocation Features Provided by NR Framework
5G NR has provided a series of improvements over the existing LTE-V2X specification which can be leveraged and adopted into the new NR V2X standard. The major highlights of 5G NR are the ability to support multiple numerologies and the use of BWPs.
Multiple numerologies would open the possibility of NR V2X systems to transmit and receive using higher SCSs, which also translates to shorter transmission intervals. Moreover, it supports slot-based transmissions and flexible slot configurations. All these features would help to serve applications requiring low latency. 
Additionally, the use of BWPs in NR is necessary because of the larger bandwidth that NR systems support. By directing a UE to monitor control and data in only a sub-section of the entire bandwidth, the energy efficiency and processing time are greatly improved.

Possible Areas of Enhancement
This section identifies the different possibilities of enhancing the existing LTE V2X framework in order to tap into the advantages offered by the NR framework.
Utilization of Multiple Numerologies
New mechanisms to extrapolate the use of resource pools across multiple numerologies having different SCS need to be explored. With NR systems being capable of using 15KHz, 30KHz and 60KHz in FR1 alone, the benefits that flexible numerologies bring to a communications system have to be studied for NR V2X. The deployment of such a system would require an overhaul on a series of existing mechanisms, including the definition of resource pools and their zone configurations. Flexible numerologies can also be combined with slot-based configurations, which further increases the resource allocation flexibility and a reduction in latency. 
The solutions have to be mindful of the impact of introducing additional UE complexity, while transmitting and receiving across different numerologies and multiple slot configurations. 
Proposal 1: Detailed mechanisms for NR V2X UEs to utilize multiple numerologies over multiple resource pools need to be explored.

Streamlining the Control Sub Channel
The introduction of multiple resource pools using different numerologies for a particular zone logically dictates that the existing control sub channel scheme needs to be revised. Resource pools with higher SCS would mean much wider control bandwidths, and monitoring multiple control sub channels across resource pools of different SCS would be burdensome for the UEs.
It also has to be considered that the LTE eV2X UEs will co-exist with the NR V2X UEs. Since the legacy LTE UEs will detect and work only on the 15KHz SCS resource pools, provisions must be made for NR V2X UEs to also broadcast messages which can be read by the legacy UEs, but at the same time utilize the benefits of the higher SCS resource pools.
Proposal 2: Streamlining of the control channel mechanism should be investigated in order to reduce the burden of additional control sub channels across resource pools of varying SCSs.

Advanced Resource Allocation Mechanism for Platoons
Platoons offer the advantage of segregating a few sets of vehicular UEs into common groups to communicate amongst themselves. When the platoon is in coverage of a gNB, the current system dictates that every member of the platoon, as an individual UE, has to request the gNB for resources based on the amount of data it wants to transmit. The gNB then grants the said member a set of resources for it to use. This process is quite redundant for group communications and although reliability can be guaranteed to a certain degree by the gNB, it takes up a considerable amount of round trip time for short distance communications between the group members.
Using the features supported by NR systems, advanced resource allocation schemes should be deployed to make platooning more efficient.
Proposal 3: Deployment of advanced resource allocation schemes specifically for platooning have to be studied.

Merging of BWPs and Resource Pools
BWPs essentially divide the entire bandwidth into smaller parts for increasing the energy efficiency of a UE, as the UE will only monitor the indicated BWP. In LTE V2X, resource pools have also been serving a similar purpose by directing the UEs to transmit and receive in a certain sub-section of the time-frequency grid.
However, the use of higher SCS resource pools would require an optimization of the resource allocation scheme across frequency. The utilization of BWPs across the frequency domain would be advantageous to the already efficient resource pool system and, therefore, will need to be studied for its adaptation into the new NR V2X system.
Proposal 4: Adaptation of BWPs into the resource pool concept for NR V2X systems has to be analyzed.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Proposal 1: Detailed mechanisms for NR V2X UEs to utilize multiple numerologies over multiple resource pools need to be explored.
Proposal 2: Streamlining of the control channel mechanism should be investigated in order to reduce the burden of additional control sub channels across resource pools of varying SCSs.
[bookmark: _GoBack]Proposal 3: Deployment of advanced resource allocation schemes specifically for platooning have to be studied.
Proposal 4: Adaptation of BWPs into the resource pool concept for NR V2X systems has to be analyzed.
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