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1
Introduction

This contribution provides NR V2X service with sidelink operating scenarios in Rel-16 which were already studied in RAN WG1 during 9 months to support NR V2X. In this paper, we decide detail V2X operation scenarios as RAN4 perspective. 
************* Start of the TP in subcluase 4 of TR 38.xxx ***************
4
Background
4.1
Justification

To expand the 3GPP platform to the automotive industry, the initial standard on support of V2V services was completed in September 2016. Enhancements that focusing on additional V2X operation scenarios leveraging the cellular infrastructure, are completed in March 2017 as 3GPP V2X phase 1 for inclusion in Release 14 LTE.  In Rel-14 LTE V2X, a basic set of requirements for V2X service in TS 22.185 derived from TR 22.885 has been supported, which are considered sufficient for basic road safety service. Vehicles (i.e., UEs supporting V2X applications) can exchange their own status information through sidelink, such as position, speed and heading, with other nearby vehicles, infrastructure nodes and/or pedestrians.    

3GPP V2X phase 2 in Rel-15 introduces a number of new features in sidelink, including: carrier aggregation, high order modulation, latency reduction, and feasibility study on both transmission diversity and short TTI in sidelink.  All these enhanced features in 3GPP V2X phase 2 are primary base on LTE and require co-existing with Rel-14 UE in same resource pool.
SA1 has completed enhancement of 3GPP support for V2X services (eV2X services) in Rel-15. The consolidated requirements for each use case group (see below) are captured in TR 22.886, and a set of the normative requirements are defined in TS 22.186 in Rel-15.

SA1 has identified 25 use cases for advanced V2X services and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving. The detailed description of each use case group is provided as below.
· Vehicles Platooning enables the vehicles to dynamically form a group travelling together. All the vehicles in the platoon receive periodic data from the leading vehicle, in order to carry on platoon operations. This information allows the distance between vehicles to become extremely small, i.e., the gap distance translated to time can be very low (sub second). Platooning applications may allow the vehicles following to be autonomously driven.
· Extended Sensors enables the exchange of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, devices of pedestrians and V2X application servers. The vehicles can enhance the perception of their environment beyond what their own sensors can detect and have a more holistic view of the local situation.
· Advanced Driving enables semi-automated or fully-automated driving. Longer inter-vehicle distance is assumed. Each vehicle and/or RSU shares data obtained from its local sensors with vehicles in proximity, thus allowing vehicles to coordinate their trajectories or maneuvers. In addition, each vehicle shares its driving intention with vehicles in proximity. The benefits of this use case group are safer traveling, collision avoidance, and improved traffic efficiency.
· Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive themselves or a remote vehicle located in dangerous environments. For a case where variation is limited and routes are predictable, such as public transportation, driving based on cloud computing can be used. In addition, access to cloud-based back-end service platform can be considered for this use case group.
SA1 has considered both LTE and NR for the candidates of 3GPP RATs in supporting eV2X. 

The SA2 study has been progressed to identify and evaluate potential architecture enhancements of EPS and 5G System design needed to support advanced V2X services identified in TR 22.886, based on vehicular services requirements defined in SA1 V2X (TS 22.185) and eV2X (TS 22.186) and determine which of the solutions can proceed to normative specifications. SA2 has completed the study and started the normative work on the architecture solutions for V2X.

TSG RAN has already agreed in TR 38.913 that it is not intended for NR V2X to replace the services offered by LTE V2X. Instead, the NR V2X shall complement LTE V2X for advanced V2X services and support interworking with LTE V2X. At least from 3GPP RAN technology development standpoint, the focus and scope of NR V2X is to target advanced V2X use cases. However, this does not imply that NR V2X cannot support basic safety use cases. It is clearly up to the regional regulators and the stakeholders involved (i.e. Car OEMs and automotive ecosystem in general) to decide on the technology of choice for any service and any use case.

NR V2X is destined as 3GPP V2X phase 3 and would support advanced V2X services beyond services supported in LTE Rel-15 V2X.  The advanced V2X services would require enhanced NR system and new NR sidelink to meet the stringent requirements.  NR V2X system is expected have a flexible design in support of services with low latency and high reliability requirements.  NR system also expects to have higher system capacity and better coverage. The flexibility of NR sidelink framework would allow easy extension of NR system to support the future development of further advanced V2X services and other services. RAN WGs have conducted the feasibility study on NR V2X, and it was concluded in TR 38.885 that it is feasible to support advanced V2X services using the technical solutions identified during the study. It is noted that the study on the remote driving use case was conducted in TR 38.824. Meanwhile, it was noted that solutions defined for V2X can also be used for public safety when the service requirement can be met.
4.2
Objective
The objective of this work item is to specify radio solutions that are necessary for NR to support advanced V2X services (except the remote driving use case which was studied in TR 38.824) based on the study outcome captured in TR 38.885. RAN4 should focus on the RAN WG4 work scope in the approved WID [1] as below

1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.

· Solutions for ‘not co-channel’ in-device coexistence between LTE and NR sidelinks

· TDM-based solutions as per the study outcome [RAN1, RAN2, RAN4]

· FDM-based solutions with static power allocation as per the study outcome [RAN4]

· This will not consider the case where LTE and NR sidelinks are in the same frequency band.

· No impact to LTE specifications at least from RAN1 and RAN2 perspective.

· UE Tx and Rx RF requirement [RAN4]

· This requirement should ensure 

· coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum

· coexistence with other V2X technologies in the adjacent channel in ITS spectrum in 5.9 GHz, without assuming that 5.9 GHz spectrum will be universally available nor that it will be universally available in sufficient quantity to support NR V2X advanced use cases

· RRM core requirement [RAN4]

The solutions should cover both the operating scenario where the carrier(s) is/are dedicated to V2X services and the operating scenario where the carrier(s) is/are licensed spectrum and also used for NR Uu/LTE Uu operation.
NR sidelink design starts with frequencies in FR1, and NR sidelink in FR2 is supported by applying the design for FR1 and PT-RS to the numerologies agreed for FR2. No FR2 specific optimization is supported in this WI except PT-RS. No beam management is supported in this work.

For the scenarios of NR sidelink carrier, this work will consider a single carrier for the NR sidelink transmission and reception.
In this work, 2Rx antennas as well as 4Rx antennas are supported. The full range of speeds defined in SA1 (TS 22.186) needs to be supported in FR1.
It is assumed that any co-channel coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP.
4.3
V2X operating scenarios
4.3.1
General description
The scenarios considered in the study are captured in the following figures. The scenarios can be categorized into standalone and MR-DC scenarios regarding the architecture. 
The following operating scenarios are example of in network coverage. Other scenarios are not 
Figure 4.1-1 illustrate the standalone scenarios to support V2X SL communication. Particularly:

1) In scenario 1, a gNB provides control/configuration for a UE's V2X communication in both LTE SL and NR SL;

2) In scenario 2, an ng-eNB provides control/configuration for a UE's V2X communication in both LTE SL and NR SL;

3) In scenario 3, an eNB provides control/configuration for a UE's V2X communication in both LTE SL and NR SL.
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(a) Scenario1                            (b) Scenario2                            (c) Scenario3
Figure 4.1-1: NR V2X standalone operating Scenarios
Figure 4.1-2 illustrate the MR-DC scenarios to support V2X SL communication. Particularly:

1) In scenario 4, a UE's V2X communication in LTE SL and NR SL is controlled/configured by Uu while the UE is configured with NE-DC;

2) In scenario 5, a UE's V2X communication in LTE SL and NR SL is controlled/configured by Uu while the UE is configured in NGEN-DC;

3) In scenario 6, a UE's V2X communication in LTE SL and NR SL is controlled/configured by Uu while the UE is configured in EN-DC.
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(a) Scenario4                             (b) Scenario5                           (c) Scenario6
Figure 4.1-2: NR V2X MR-DC operating Scenarios
4.3.2
Operation Aspects

Scenarios considered by RAN4 for NR V2X sidelink operation are as follows:

·  (Aspect 1) Operation bands used as test points for evaluation

· Case 1A: 5.9 GHz (for ITS spectrum)
· Case 1B: 3.5 GHz (for licensed bands operation at FR1)
· Case 1C: 28 GHz (for licensed bands operation at FR2)
· (Aspect 2) gNB deployment including the possibility of network control

· Case 2A: UE autonomous resource allocation, at least mode 2, based on semi-statically network-configured/pre-configured radio parameters including no gNB coverage case.
· Case 2B: gNB providing more UE specific or/and more dynamic resource allocation including Mode 1 compared to case 2A.
Within RAN4 for this NR V2X WI, analysis and specification of single carrier operation is defined as a first priority. (E.g. specify transmission and reception requirements for ITS spectrum and licensed bands). 
Analysis and specification of multiple component carrier (MCC) operation for V2V service is defined as second priority in RAN4 for the V2X WI.
· (Aspect 3) Multi-carrier operation (to be considered as part of the NR V2X work item)
 
Multiple carrier operation can support a number of configurations including for example: 

i)  NR V2X with sidelink and LTE V2X sidelink communication on intra-band multiple carriers in an ITS operating band (at 5.9GHz)
ii)  NR V2X with sidelink and NR/LTE V2I over Uu on a intra-band multiple carriers in an licensed operating band (at 3.5GHz / 28GHz)
iii) NR V2X with sidelink and NR/LTE V2I over Uu on a single carrier with TDM operation (at 3.5GHz / 28GHz)
iv) NR V2X with sidelink (at 5.9GHz) and NR/LTE V2I over Uu (at licensed bands), such as con-current inter-carrier operation
Based on these 4 scenarios, following Cases are decribed as
· Case 3A: NR V2X with sidelink (5.9 GHz) + LTE V2X sidelink (at 5.9GHz) on intra-band multiple carriers
· Case 3B: NR V2X with sidelink (3.5 GHz/28GHz) + LTE V2I Uu (at 3.5GHz) on intra-band multiple carriers
· Case 3C: NR V2X with sidelink (3.5 GHz/28GHz) + LTE V2I Uu (at 3.5GHz) on singles carrier with TDM operation
· Case 3D: NR V2X with sidelink (5.9 GHz) + LTE/NR V2I Uu (at 3.5GHz)/NR V2I Uu (at 28GHz) on con-current inter-band carrier operation
<End of Changed>

