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Introduction
Performance analysis of LTE-V Rel.14-15 [1,2] has shown that although the technology contains the potential to become the V2X solution for safety purposes, it still lacks in some fundamental areas, in particular when compared to other technologies. While it was expected by automakers that these challenges would be addressed and resolved in Rel.16 [3], some of these challenges have been left not fully resolved.
In this contribution we wish to emphasis the unresolved challenges which are crucial for the automotive industry, in the hope they will receive the proper attention.  
Challenges from the Automotive Perspective
In this section we outline some challenges as viewed by automakers in NR V2X with the hope that these challenges will be resolved to ease the technology proliferation.
Performance in Highly Congested Areas
Observation 1: The scenarios suggested as the simulation assumption for system level simulation (SLS) may not be representative of highly congested scenarios. Hence, NR V2X performance may not be satisfactory in these scenarios.

Figure 1-Figure 3 depict the packet reception ratio (PRR) of LTE-V (as well as other technologies) in the Freeway environment under increasing vehicle density (see Appendix 7.1 in [2] for simulation parameters). While LTE-V performs well under low vehicle density, its performance rapidly degrades as vehicle density increases. Note that the scenario presented in Figure 3, although completely plausible (freeways often suffer from traffic jams) wasn’t included in the simulation assumptions of LTE-V. 

To broaden NR V2X applicability, one of the suggestions for NR V2X simulation assumptions was to include scenarios with higher congestion [4]. Such scenarios were included in [5] (see option B for both Freeway and Urban environments). For the simulation assumptions of NR V2X (option A), however, it was decided to use scenarios similar to the ones used for LTE-V. The chosen scenarios may not realistically confirm the ability of NR V2X to operate well under highly congested scenarios.
Proposal 1: Highly congested scenarios (Option B) should be included in the scenarios that need to be examined during the WI phase.
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[bookmark: _Ref3207263]Figure 1: Freeway, 140km/h (~100 vehicles)
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Figure 2: Freeway, 70km/h (~200 vehicles)
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[bookmark: _Ref3204267][bookmark: _Ref3204262]Figure 3: Freeway, 40km/h (~440 Vehicles)



Performance in High Mobility
Observation 2: Vehicle high mobility introduces Doppler spread that may significantly impact link performance.

As the UE’s speed increases, the Doppler spread effects become more dominant. To prevent degradation of the link performance, one simple option is to increase carrier spacing. In LTE-V, the carrier spacing is 15KHz, similarly to the Uu link. Figure 4 depicts the resulting PRR due to dual mobility and Doppler spread in a scenario of size 300/190 bytes transmitted over 18 RBs + 2 SA RBs.
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[bookmark: _Ref3204523]Figure 4: PRR vs distance in a dual mobility scenario

To cope with this challenge, NR V2X considers also carrier spacing of 30KHz, 60KHz and 120KHz. It was also agreed that per an area and a given time, all UEs should use the same numerology [3]. 

One challenge that needs to be resolved is how the carrier spacing is chosen. 
Additional challenges that should be studied are how do UEs know that a numerology change is needed and how UEs using different carrier spacing should co-exist with each other, e.g. in overlapping areas of reception that use different carrier spacing settings. 

Observation 3: The choice of carrier spacing per scenario, co-existence between devices using different carrier spacing settings and the way UEs shift between them, weren’t addressed so far in the NR V2X studies and specifications. 

As an example, Figure 5 depicts a scenario with two adjacent carrier spacing regions. In one possible scenario vehicle A is about to leave the area in which 60KHz carrier spacing is used, and is about to enter an area where 30KHz carrier spacing is used. Vehicles from both areas would probably be interested in reliable communication with vehicle A, but the transmission can only be decoded correctly by vehicles using the same numerology. Albeit this is a small-scale example, the basic idea is valid also for larger areas, border crossings etc. 
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	[bookmark: _Ref3210644]Figure 5: Transition between areas of different numerology




Proposal 2: The coexistence between UEs using different carrier spacing, the way UEs shift between various carrier spacing regimes and the choice of the right carrier spacing for the scenario should be addressed and explained thoroughly within Rel.16 WI development.

Out of Coverage Deployment
Observation 4: There are system level challenges with regards to synchronization and resource allocation for both Mode 1 and Mode 2.

In LTE-V [1] one of the synchronization options is to rely on the eNB (in coverage- Mode 3). However, as different UEs may be connected to different operators, it is challenging for all UEs (connected to different operators) to be synchronized. A similar challenge also exists when a vehicle crosses a border between two countries.
 
In Mode 4 of LTE-V, the ability of a UE to synchronously transmit without a GNSS signal being received (e.g. tunnels, underground parking lots etc.) is a challenge.

Mode 1, and 2 of NR V2X encapsulate very similar challenges to Mode 3 and 4 of LTE-V. These challenges should be addressed during the WI studies and specifications.  

Proposal 3: The implementational challenges of Mode 1 and 2 should be addressed and resolved during NR V2X WI.
 
No Support of Safety Use Cases
Observation 5: NR V2X primary objective is to support advanced V2X use cases rather than support safety applications. The combined solution of LTE-V and NR V2X may prove to be of significant implementational challenge to automakers.

The primary objective of NR V2X [3,8] is to support advanced use cases (e.g. sensor sharing, platooning and automated driving) rather than support safety use cases. The decision was based in part on the assumption that the safety requirements are fully satisfied by LTE-V. 

However, having use cases split into different RATs presents some challenges on its own:
· Safety applications would rely on the LTE-V RAT that still has some challenges but with no scope for future improvements.
· The ITS spectrum may not be used in an efficient manner as separate channels may need to be allocated for each RAT.
· Complex preemption and priority management system for message transmission due to current considerations of inter-RAT coexistence within a single device.
Proposal 4: NR V2X should include support for safety applications and be considered as an evolution of LTE-V.

The Assumption of 4Rx Antennas as a Baseline
Observation 6: Current NR V2X simulation assumptions use 4Rx antennas as a baseline. Based on an LS from 5GAA and a study on 2Rx antennas for vehicular UE, the challenges of deploying 4 antennas as a baseline in all vehicles is clear.

During the “Study on evaluation for 2 RX exception in Rel-15 vehicle mounted UE for NR” in RAN4 the automotive industry explained the difficulties of implementing more and more antennas onto vehicles.
Based on the study, vehicular UE with 2Rx antennas were allowed for the communication over Uu.
RAN1 study on NR Vehicle-to-Everything (V2X), however, considered only 4Rx antennas as part of the simulation assumption [3, Annex A.1].
Vehicle manufactures understand that with the introduction of 5G there may be a shift toward more Rx antennas for some use cases. Nevertheless, automotive companies would like to highlight that the deployment of a technology depends on the complexity of implementation and business decisions determine what level of complexity is realized [9].

Proposal 5: NR V2X should consider 2Rx antennas as an additional simulation assumption during the WI.
Summary
Observations:

Observation 1: The scenarios suggested as the simulation assumption for system level simulation (SLS) may not be representative of highly congested scenarios. Hence, NR V2X performance may not be satisfactory in these scenarios.

Observation 2: Vehicle high mobility introduces Doppler spread that may significantly impact link performance.

Observation 3: The choice of carrier spacing per scenario, co-existence between devices using different carrier spacing settings and the way UEs shift between them, weren’t addressed so far in the NR V2X studies and specifications.

Observation 4: There are system level challenges with regards to synchronization and resource allocation for both Mode 1 and Mode 2. 

Observation 5: NR V2X primary objective is to support advanced V2X use cases rather than support safety applications. The combined solution of LTE-V and NR V2X may prove to be of significant implementational challenge to automakers.

Observation 6: Current NR V2X simulation assumptions use 4Rx antennas as a baseline. Based on an LS from 5GAA and a study on 2Rx antennas for vehicular UE, the challenges of deploying 4 antennas as a baseline in all vehicles is clear.

Proposals:

Proposal 1: Highly congested scenarios (Option B) should be included in the scenarios that need to be examined during the WI phase.

Proposal 2: The coexistence between UEs using different carrier spacing, the way UEs shift between various carrier spacing regimes and the choice of the right carrier spacing for the scenario should be addressed and explained thoroughly within Rel.16 WI development.

Proposal 3: The implementational challenges of Mode 1 and 2 should be addressed and resolved during NR V2X WI. 

Proposal 4: NR V2X should include support for safety applications and be considered as an evolution of LTE-V.

Proposal 5: NR V2X should consider 2Rx antennas as an additional simulation assumption during the WI.
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