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Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. Study of technical solutions for NR Uu radio-interface enhancements is one of the study item objectives:
	NR V2X SI Objective # 2
Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.


In this contribution, we analyze potential enhancements to NR Uu radio-interface to support advanced V2X use cases. Other aspects related to NR V2X study are discussed in our companion contributions [5]-[13].
Matching of New Use Cases and NR Features
First, general considerations on design directions for NR Uu to support advanced V2X use cases are discussed in this section. In [1], the following groups of use cases are provided:
Vehicles Platooning
Extended Sensors
Advanced Driving
Remote Driving
NR Uu may be used for all the use cases, however the overall Uu performance and efficiency may not be the same for all use cases. In particular, scenarios with extended sensor sharing case where huge amount of data need to be exchanged between vehicles directly may become a bottleneck. On the other hand for the remote driving use case the Uu air-interface is the only viable option, where URLLC type of traffic to/from network is expected for control messages and video streaming.
[bookmark: _Toc516059919][bookmark: _Toc519021861]Both the high throughput and URLLC type of traffic were considered as a key KPI metrics for NR Uu design from the very beginning and thus only incremental eV2X specific enhancements can be considered. The NR physical layer developed in R15 was designed to efficiently operate in new spectrum available including higher carrier frequencies (FR2). Moreover, the frame structure got sufficient flexibility to provide low latency transmissions in the same time being able to transmit in a wider bandwidth so that very high reliability of ~1e-5 residual BLER may be achieved for both control and shared channels.
However, it should be carefully analyzed, whether the already specified or yet to be specified NR features provide sufficient performance for the NR V2X use cases. In this contribution, in section 3 the enhancements from LTE V2X not included into NR are highlighted and in section 4 the new features to aid NR Uu-based V2X communication are discussed.
[bookmark: _Ref521343040]On NR Uu Enhancements for eV2X
Although NR Rel.15 was designed taking into account very wide and diverse set of requirements and new use cases, some specific design aspects related to eV2X-specific traffic handling and scheduling in NR were not considered yet. In this section, the features adopted in LTE that would need to be also supported in NR are highlighted in sub-sections below.
Multiple Activated CG-PUSCH Configurations
In Rel.15 only one activated CG-PUSCH (configured grant PUSCH) configuration is supported in a cell. For V2V-like periodic traffic (e.g. CAM messages) where packets of different sizes may be interlaced, this would lead to either inefficient resource usage due to overprovisioning resource allocation parameters for the worst case packet size or to frequent CG-PUSCH re-configurations. Therefore, at least support of a few activated CG-PUSCH configurations for both Type-1 (RRC-based) and Type-2 (DCI-based) may need to be added to NR. It should be noted, that similar enhancements are envisioned as part of Rel.16 eURLLC study in order to enable bundled transmissions with fine channel access granularity [14].
UE Assistance Data for eV2X
In LTE V2V/V2X, assistance signalling was introduced in order to assist scheduling algorithms at eNB that take into account vehicle location information (position, speed), and traffic patterns, etc. Currently support of such assistance information is very limited in NR, thus enhancements in this direction are expected to at least support LTE-like set of assistance information including:
Traffic characteristics - proper configuration of CG-PUSCH parameters such as resource allocation and periodicity for each activated CG-PUSCH configuration. The traffic characteristics should include periodicity parameters, expected packets size, latency budget if applicable, etc.
Location information to assist gNB scheduling in sidelink. Currently LTE supports location measurement reporting both event-triggered and periodic/aperiodic
NOTE: similar assistance data may be needed for gNB-based sidelink transmission scheduling [8], [12] and therefore potentially common mechanism of reporting may be desirable.
DL Transmission to UE Group
The support of DL broadcast transmission/reception is another important design direction essential for delivery of future eV2X services. Up to date the broadcast support was not a primary objective of NR design, although from physical layer perspective the transmissions of messages to multiple UEs is supported. In particular, the system information and configuration messages are being transmitted to/received by multiple UEs. This means that support of broadcast transmission in single cell point to multipoint manner is possible. In addition, considering that cell can represented by multiple TRPs the sophisticated mechanism for DL broadcast can be already applied by network implementation.

Summary on LTE Features for NR
In this section, we analyzed the features supported in LTE which are needed in NR to enable advanced V2X use cases. Based on the discussion, the following list of enhancements is proposed to be further studied in NR V2X.

 
NR Uu should at least enable the following LTE Uu air-interface enhancements targeting basic and advanced V2X services:
· Support of multiple activated CG-PUSCH configurations in a cell
· Support of UE assistance data reporting of traffic characteristics and location/movement information

[bookmark: _Ref521421126]Further Enhancements to NR Uu
In this section, potential physical layer enhancements to NR Uu operation to fulfil the advanced V2X requirements beyond the LTE capabilities are analyzed.
Enhancements applicable to wide range of URLLC use cases, also being discussed in Rel.16 eURLLC study item. These enhancements target to improve overall link and system performance assuming URLLC traffic. Here, the list of potential design directions is outlined while the more detailed discussion is held in our eURLLC contributions [14]-[15].
· Repetitions of short transmissions (i.e. so-called ‘mini-slots’) within a slot and across slots for both PUSCH and PDSCH and possibility to change the repetition level dynamically. This feature targets to improve latency-reliability trade-off by enabling faster processing, finer granularity of channel access and efficiently utilizing the latency budget for transmission.
· MCS tables supporting low spectrum efficiency transmissions. It is currently discussed whether to introduce new MCS tables providing further lower SE comparing to what is possible with Rel.15.
· DL SPS enhancements to support smaller periodicities of resource allocation and possibly support multiple SPS configurations to handle different unicast traffic patterns with arrival periods less than 10 ms as currently supported by DL SPS.
· Enhancements to CG-PUSCH operation to support transmission of ‘K PUSCH repetitions’ with resource access granularity smaller than effective duration ‘K’. As it was already mentioned in section 3, at least one option to enable such behaviour is to configure and activate multiple CG-PUSCH configurations shifted in time so that UE can select the nearest configuration to start transmission.
Mobility and radio link monitoring. Considering that fundamental property of V2X communication is medium or high mobility, enhancements to improve mobility performance may need to be considered. However, these aspects are also in focus of the dedicated RAN2-led study on mobility that aims to minimize interruption during handover and cell changes, improve reliability and robustness of handover etc. [16].
Dynamic switching / routing between PC5 and Uu based V2X for service continuity and mobility. Since the advanced V2X use cases also include mission critical information exchange (e.g. for autonomous driving), it is crucial to enable fast switching between Uu based V2X and PC5 based V2X. Such routing may be done at radio-layers, however may likely be transparent to L1 where UE just needs to simultaneously be active on both radio-interfaces.
Uu and PC5 dual connectivity in order to enable PDCP duplication of packets that would come from different air-interfaces. Potential impact of physical layer is envisioned to be minimal except mechanism of resolving limited UE capability to transmit or receive on both interfaces (e.g. power sharing considerations).
Multi-panel UE transmission/reception. In both FR1 and FR2 vehicles may have possibility to deploy multiple antenna panels at a UE due to substantially larger physical size relative to the antenna size. Current support of multi-panel UEs in the specification is limited and may need to be further improved. For example, there is no support of UL beam selection for multi-panel at a UE and no support of full-power transmission in case UE has separate PA per panel. These aspects should be carefully considered assuming similar/same issues are planned to be resolved in Rel.16 MIMO work [17].
In general, many of the listed enhancements are already in scope of dedicated items aiming to improve specific components of NR Uu-based V2X communication, such as physical layer improvement for tight reliability and latency considered in eURLLC, mobility enhancements for reduced interruptions and improved robustness of handovers considered in R.16 Mobility, multi-panel UE TX/RX enhancements considered in R.16 MIMO, etc. Therefore, it is important to analyse the above aspects from V2X use cases perspective and identify any additional features not being considered in the mentioned study and work items.
Besides the items being studied in other items, there are other features that could be considered in NR V2X for Uu enhancements which however may be out of RAN1 scope, such as Uu-PC5 dual-connectivity and service continuity. Based on the initial considerations made in this section, the following proposal is drawn:

The following NR Uu enhancements important for advanced V2X use cases are assumed to be handled in other study/work items of Rel.16
· General physical layer enhancements to improve latency and reliability
· Repetitions of short transmissions (i.e. so-called ‘mini-slots’) within a slot and across slots
· MCS tables supporting low spectrum efficiency transmissions
· DL SPS enhancements to support smaller periodicities
· CG-PUSCH enhancements to support transmission start time granularity less than aggregated PUSCH duration
· Mobility and radio link monitoring enhancements for minimized interruptions and increased robustness of handover and cell/beam changes
· Multi-panel UE transmission/reception enhancements

 
Study further whether additional enhancements to NR Uu operation is needed carefully considering current scope of other Rel.16 NR study and work items

Conclusions
In this contribution, initial considerations on NR Uu enhancements targeting advanced V2X use cases have been provided. Based on the discussion and analysis, the following observations and proposals are made:

Proposal 1: 
NR Uu should at least enable the following LTE Uu air-interface enhancements targeting basic and advanced V2X services:
· Support of multiple activated CG-PUSCH configurations in a cell
· Support of UE assistance data reporting of traffic characteristics and location/movement information
Proposal 2: 
Study further whether additional enhancements to NR Uu operation is needed carefully considering current scope of other Rel.16 NR study and work items
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