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Connected and Automated Vehicles (CAV) can leverage both physical sensing and wireless communications to improve road safety and efficiency. While standalone perception is practically limited by the range of on-board sensors and/or by the presence of obstacles that prevent seeing through, collective perception indeed allows vehicles to exchange -and even beyond, to fuse-information related to the obstacles they detect independently. In this paper, by means of system-level simulations, we analyze the performance of Vehicle-to-Network (V2N) connectivity based on the 5th Generation -New Radio (5GNR) as a support to Cooperative, Connected and Automated Mobility (CCAM), "in the light of scalability concerns (as a function of the number of connected users). Focusing on a canonical centralized Cooperative Collision Avoidance (CoCA) use case, we assess the link reliability and the End-to-End latency of all the critical messages involved. Simulation results emphasize the potential of 5GNR connectivity to enable cooperative obstacles detection and thus accordingly, to improve vehicle's/driver's awareness (regarding distant vehicles, vulnerable road users, etc.).

I. INTRODUCTION

One of the key challenges in advancing road safety and vehicle autonomy is to get a comprehensive perception and understanding of the environment. Vehicles with a certain level of driving automation indeed require an accurate knowledge of their surroundings to perform safe and comfortable automated maneuvers, but their perception is most often hindered by limited sensor range or the presence of obstacles. Connected vehicles can then improve their perception capabilities by exchanging traffic safety messages including sensor information via Vehicle-to-Everything (V2X) communication technologies [START_REF]Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Part 2: Specification of Cooperative Awareness Basic Service; Release 2[END_REF] (e.g., ITS-G5, C-V2X or even the 5th Generation -New Radio (5GNR)). This is known as collective perception, which consists in exchanging messages between vehicles and/or with (semi-)centralized computation-storage resources (e.g., basic servers or Multi-access Edge Computing (MEC) capabilities) through connected Road Side Units (RSUs) or 5G base stations (gNBs), in order to elaborate a bird's-eye view of the scene and hence, reveal the presence of hidden obstacles. More precisely, the European Telecommunications Standards Institute (ETSI) technical committee [START_REF]Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Analysis of the Collective Perception Service (CPS); Release 2[END_REF] has specified Collective Perception Messages (CPM) that allow vehicles to exchange information about detected obstacles and other road users. ETSI standard also describes the generation rules of CPM messages, while taking into account detection capabilities (local perception sensors) and wireless connectivity performance (i.e. with an adaptive message generation rate to decrease the channel load).

This paper focuses on improving the safety of both Vulnerable Road Users (VRUs) and vehicles in complex road environments, such as urban intersections. Context awareness and cooperation between drivers or autonomous vehicles is indeed a key aspect of Cooperative Collision Avoidance (CoCA) to ensure safe and efficient navigation. To this end, we consider a CoCA system, where various vehicles carry embedded ranging sensors (LiDAR, RADAR, camera) to generate CPMs containing a list of detected obstacles. The latter are transmitted to a fusion center (MEC) for further processing via a gNodeB (which can be co-located with the MEC in a decentralized network setting).The fusion center gathers all the information shared from vehicles in order to generate a merged CPM accounting for the whole scene in the evaluated zone. gNodeB can then either share a merged CPM or send a simple Decentralized Environmental Notification Message (DENM) to warn the vehicles in case of collision risk.

In this paper, we assess the performance of V2N connectivity based on 5GNR, as a support to CCAM, considering both scalability (in terms of network load) and deployment constraints (in terms of network and MEC deployment). More specifically, focusing on a canonical centralized CoCA use case that involves multiple vehicles in an intersection environment, we evaluate the link reliability and the End-to-End (E2E) latency of all the messages involved in the CoCA process (from/to MECs hosting the centralized CoCA application), while assuming different deployment configurations and a varying number of connected users. On this occasion, we show how 5G can contribute to higher automated driving levels and hence, more generally, to better road traffic efficiency and safety through 5G-boosted collective perception capabilities.

Several research works have tackled the V2X-assisted cooperative localization and sensors data fusion problem in the very vehicular context. In [START_REF] Soatti | Implicit cooperative positioning in vehicular networks[END_REF], the authors propose the use of on-board LiDAR sensors, Global Navigation Satellite System (GNSS) data and Vehicle-to-Vehicle (V2V) communications to jointly estimate the positions of vehicles and passive obstacles or features sensed in their proximity. In [START_REF] Seeliger | Inter-vehicle information-fusion with shared perception information[END_REF], the concept of cooperative perception has been proposed, relying on the communication of localization and perception information between vehicles and with the infrastructure. This work compares three variants of the Covariance Inter-section (CI) method used for state fusion in a global inter-vehicle information-fusion system, whose goal is to figure out which CI method is the best choice for an active road safety application. In [START_REF] Rauch | Analysis of V2X communication parameters for the development of a fusion architecture for cooperative perception systems[END_REF], a fusion architecture for a cooperative perception system is proposed. The authors in [START_REF] Da Silva | System-level simulation of Cooperative Sensor Data Fusion Strategies for improved vulnerable road users safety[END_REF] and [START_REF] Mouawad | Impact of LTE-V2X Connectivity on Global Occupancy Maps in a Cooperative Collision Avoidance (CoCA) System[END_REF] consider the cooperative fusion of local LiDAR-based occupancy maps via ITS-G5 and C-V2X connectivity respectively. Finally, in [START_REF] Mouawad | Collective perception messages: New low complexity fusion and v2x connectivity analysis[END_REF], a dedicated fusion algorithm has been designed for CPM messages. The remainder of this paper is structured as follows. After a description of the CoCA use cases in section II, the simulation framework, the working assumptions, as well as the tested canonical scenario are explained in section III. Based on simulation results, a performance analysis is conducted in Section IV. Finally, section V concludes the document with a synthesis of the evaluation.

II. COOPERATIVE COLLISION AVOIDANCE

The considered CoCA services consists in the cooperative exchange of occupancy maps or CPMs to ensure efficient navigation in different driving situations, such as lane changing, overtaking or entering/exiting highways and intersections. In this context, the CoCA system provides network-assisted safety information to connected and automated vehicles via the available infrastructure to announce a risk of collision and/or the location of other vehicles and vulnerable users on the road (such as pedestrians or cyclists).

Figure 1 shows the overall system architecture supporting such a CoCA system, assuming the support of Vehicleto-Network (V2N) 5GNR connectivity with respect to one gNodeB, as well as a MEC hosting the centralized CoCA application. We consider both the UEs and the gNodeB as ITS-Stations, following an ITS protocol architecture, including:

• Facilities layer to enable the CoCA, CPM, CAM (Cooperative Awareness Messages) and DENM related services. • Access layer for the Physical and Medium Access Control (MAC) based on cellular V2N 5GNR specifications. Information collected by the vehicles is stored and processed by an onboard Local Dynamic Map (LDM) sub-system. Information from the physical sensors (e.g., LiDAR, RADAR, camera) and the navigation system are used to extract a list of obstacles, which is subsequently included in CPM messages. Then, this high-level information is shared through 5GNR connectivity. In the 5G-based centralized CoCA application, the MEC (hosting the application) first interprets the information from vehicles in the nearby, before transmitting to all vehicles a merged CPM message containing all the detected obstacles. This merged CPM enhances the visualization of all obstacles in the considered area. Then, the gNodeB can either send event-driven DENM messages in case of risk of collision, or send messages to share the global CPM with all connected end users (UEs) which can be connected vehicles or connected VRUs. UEs are equipped with onboard CoCA/LDM systems to interpret merged CPMs or warning messages from gNodeB, hence requiring low-latency interfaces for information exchange between MEC services and UEs. We also consider several MEC deployment configurations, including fully decentralized (i.e., 1 MEC per gNodeB) and highly centralized (i.e., one per operator data center) schemes [START_REF] Poli | Evaluation of 5g-nr v2n connectivity in a centralized cooperative lane change scenario[END_REF].

III. SIMULATION FRAMEWORK AND ASSUMPTIONS

A. Simulation framework

To simulate the use case above, we considered a simulation framework (See Figure 2) that consists of four main modules:

• Physical mobility module: realistic road traffic models in a real-life urban intersection using the Simulation of Urban Mobility (SUMO) tool [START_REF] Behrisch | SUMOsimulation of urban mobility: an overview[END_REF]. • V2X connectivity module: NS-3 simulation of messages exchange between vehicles and the fusion center, via 5GNR V2N connectivity, based on offline mobility traces generated by SUMO. This simulator mainly uses the LENA 5GNR module [START_REF] Patriciello | An E2E simulator for 5G NR networks[END_REF], which is also interfaced with the CPM messages traffic given by the CoCA scenario. • CPM generation module: CPMs are generated, following ETSI generation rules, based on a realistic LiDAR sensor model [START_REF]Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Part 2: Specification of Cooperative Awareness Basic Service; Release 2[END_REF]. • CPM fusion module: The generated CPMs are gathered by the fusion center. The fusion center executes the fusion algorithm, such as that described in [START_REF] Da Silva | System-level simulation of Cooperative Sensor Data Fusion Strategies for improved vulnerable road users safety[END_REF]. 1) 5G NR connectivity: In NS-3, the Radio Access Network (RAN) is simulated. At the physical layer level, the numerology is set to 2, which supports shorter frame transmission and thus, low latency communications. A dynamic Modulation and Coding Scheme (MCS) is applied for better link adaptation. Each Time Division Duplex (TDD) slot contains 10 Orthogonal Frequency-Division Multiplexing (OFDM) data symbols that are flexibly shared between Uplink (UL) (with higher priority) and downlink (DL) with data scheduling. Regarding propagation, we consider the standardized 3GPP Urban Macro Cell (UMa) channel model defined in [12], including both conditional path loss, shadowing and fast fading parameters. In terms of MAC, Time Division Multiple Access (TDMA, for UL and DL) has been used and the scheduler is a simple Round Robin. Finally, so as to improve link reliability, the Hybrid Automatic Repeat reQuest (HARQ) protocol is activated with a maximum of 3 re-transmissions.In NS-3, the RAN latency between a source and a destination (e.g., typically, for an UL CPM message from a vehicle up to the gNodeB) can be simulated up to the application level, while accounting for jitter at the radio level depending on link quality, resource scheduling and network load. Beyond the RAN aspects mentioned above, other latency components on top (backhaul, core network) are not explicitly simulated either but represented as abstract bounds (Cf [START_REF] Poli | Evaluation of 5g-nr v2n connectivity in a centralized cooperative lane change scenario[END_REF] section III-D).

Table I summarizes the main parameters used in our simulations for 5GNR radio and related to transmitted messages.

2) CPM structure and generation rules: According to ETSI standard [START_REF]Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Analysis of the Collective Perception Service (CPS); Release 2[END_REF], CPM messages include an Intelligent Transport Systems Protocol Data Unit (ITS PDU) header and 4 containers: Management Container, Station Data Container, Sensor Information Containers, and Perceived Object Containers with the information about the detected obstacles type and dimensions). CPM generation rules [START_REF]Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Analysis of the Collective Perception Service (CPS); Release 2[END_REF] define when vehicles should transmit a CPM and what the conveyed information is, i.e., the list of obstacles , that should be included in the message payload. Two kinds of generation rules have then been considered: periodic and dynamic rules. With the periodic method, CPMs are periodically generated every T CP M and they include all the detected objects. The CPM should be transmitted even if no objects are detected. With the dynamic generation rule, the transmitting vehicle checks every T CP M if the environment has changed in order to transmit a new CPM. More precisely, a vehicle generates a new CPM if: (i) A new obstacle has been detected, (ii) an obstacle's absolute position has changed by more than 4m since the last time (T update ) it was included in a CPM, (iii) an obstacle's absolute speed has changed by more than 0.5m/s since the last T update , (iv) The last time the object was included in a CPM was 1 second ago, (v) an obstacle is classified as a VRU or an animal.

3) Fusion algorithm: The low-complexity fusion algorithm introduced in [START_REF] Mouawad | Collective perception messages: New low complexity fusion and v2x connectivity analysis[END_REF] is in charge of merging CPMs in order to generate a global CPM, which is expected to contain richer and more reliable information about the physical environment. This algorithm mainly proceeds within three steps. The first step occurs in case the fusion center receives CPMs at iteration t. In this case, the fusion center will check if the obstacles included in the CPMs are new obstacles or just an update about already existing obstacles. Moreover, the fusion center will consider already existing obstacles that are not updated but are still valid (T update < 1 sec). The second step of this algorithm takes place in case the fusion center does not receive any CPM at iteration t. In this case, the fusion process includes all the valid already existing obstacles without changing their information. The third step consists in analyzing the list of obstacles, first by associating obstacles according to their positions and second, by grating a reliability coefficient to each obstacle.

IV. PERFORMANCE EVALUATION

For the performance evaluation, we consider a real intersection of two main streets located in Lyon (France). Each street is four lanes wide, with two lanes in each direction. This intersection constitutes the center of a 400m x 400m area. The gNodeB, placed at the north-west corner of the intersection, is connected to the MEC hosting the CoCA application (playing the role of the fusion center). Simulated vehicles can reach a maximum velocity of 50 km/h. We setup a LiDAR with a horizontal field of view of 110 degrees (azimuth aperture) for all equipped vehicles. Our CoCA traffic scenario is reflected in Figure 3, where we show the number of CPM messages per second and per user/vehicle (left), along with the resulting packet size (right) with both dynamic and periodic generation rules. One can then observe that the frequency of CPM transmissions decreases strongly with the traffic density for the dynamic traffic (e.g., it is even divided by 2 from 10 vehicles to 100 vehicles in the intersection). Indeed, in case of high vehicles density, the speed decreases and accordingly, the frequency at which the positions and speeds are changing also decreases. Such low mobility thus limits the generation of CPMs in the dynamic case. As for the periodic traffic, the number of messages transmitted per vehicle decreases more slowly from 8.9 messages per second with 10 vehicles to 7 messages per second for 100 vehicles. Figure 3 (right) presents the empirical Cumulative Distribution Function (CDF) of CPM packet size for both dynamic/periodic generation rules, under two different vehicles densities (i.e., 10 and 100 vehicles in the intersection). First, we can notice that the size of CPM messages is larger when applying the periodic generation law. This difference with the dynamic law obviously tends to increase with the number of vehicles (and hence, of obstacles), as expected. This is due to the periodic generation of CPM messages which systematically includes all detected obstacles. Obviously, the CPM messages are larger when the number of vehicles/obstacles is important (up to 800 Bytes for the periodic law). The two previous figures show the relevance of using the dynamic generation law of CPM messages with a lower number of transmitted messages and smaller packet sizes.

In the next section, we compare the performance of the two scenarios below, in terms of both radio and application criteria:

1) Dynamic generation rule with perfect connectivity (no losses and zero-latency) as a reference and actual V2X connectivity, i.e., in this scenario, packets losses induced by 5GNR are considered and calculated based on simulated NS-3 traces.

2) Periodic generation rule with perfect connectivity and 5GNR connectivity. For each considered scenario, we run 20 NS-3 simulations with a duration of 60 seconds each.

A. Key Performance Indicators

To assess the perfomance of CoCA application, as well as to highlight the impact of CPMs processing, messages periodicity and 5GNR radio configuration, we have considered the following KPIs:

• Packets Delivery Ratio (PDR): First, we study the communication link from vehicles to gNodeB (denoted by UL), to evaluate the capacity of the CoCA application hosted in the MEC to collect CPMs from the vehicles, and second, we evaluate the communication link from gNodeB to vehicles (DL), to evaluate the capacity of the CoCA application to share merged CPMs with all the vehicles in the intersection. We define the PDR in UL (resp. DL) as the ratio between the number of packets received (decoded) by the gNodeB (resp. vehicles) and the number of packets sent by the vehicles (resp. gNodeB). • Latency: Latency is highly critical in CoCA applications.

The latency is the delay of a packet transmission in a cellular network and can be contributed by the RAN, backhaul, core network, and data center/Internet. The latency simulated at RAN level through NS-3 is first evaluated independently and then integrated within an overall latency budget, given various assumptions regarding MEC deployment [START_REF] Poli | Evaluation of 5g-nr v2n connectivity in a centralized cooperative lane change scenario[END_REF]. Both unconstrained and latencyconstrained reliability (PDR) at link level is also assessed.

For the latter, we typically evaluate that the messages are correctly received within an a priori target latency requirement (typically 10 ms, as the usual reference for the Guaranteed Bit Rate data traffic [START_REF] Garcia | A tutorial on 5g nr v2x communications[END_REF]). • Obstacle Misdetection Rate (OMR): The OMR accounts for the number of missed obstacles compared to the real physical scenario. In other words, an obstacle is considered as misdetected if it is missing compared to the real scenario or whenever the distance between the detection position and the real obstacle position is larger than a predefined threshold T h (in meters).

B. Simulation results

Figures 4 and5 present respectively the evolution of the median UL latency at the RAN level (at 5%-and 95%quantiles) and the empirical Cumulative Distribution Function (eCDF) of E2E latency at RAN level in UL with 10 and 100 vehicles. The UL RAN latency is thus shown to remain well below the targeted 10 ms requirement in terms of the median, which is between 4 ms and 5 ms. However, in the worst cases (represented by the 95%-quantile), the latency can reach up to 18 ms regardless of the traffic conditions (dynamic/periodic and from 10 to 100 vehicles). One can note that 85% of the received packets have a latency lower than 10 ms. In Figure 5, we also observe that the UL latency is only very slightly lower when there are 10 vehicles in the intersection, compared to 100 vehicles. It is also interesting to note that the influence of HARQ is directly observable on these eCDF curves. Indeed, we can see that the eCDF of the latency is staircase shaped, for which each step corresponds to one transmission. We can also directly observe the average PDR corresponding to the maximum of the eCDF because a lost packet has infinite latency. The RAN latency in DL, illustrated in Figure 6, is lower than in UL under a low UEs density in Tx. Higher network loads have a more significant deleterious impact on the DL CPMs, compared to the UL case. The TDD flexible scheme indeed tends to prioritize UL transmissions, whenever the traffic demand drastically increases. However, the degradation remains globally contained below the 10ms requirement. We can also observe in Figure 7 that, unlike UL, the HARQ process is only marginally used. This is mainly explained by the difference in transmission power with 49 dBm in DL and 23 dBm in UL. This emphasizes that the increase in latency observed in DL is mainly related to the scheduler and its resource allocation process.

Both MEC deployment architectures have also been considered in the evaluation, including fully decentralized and highly centralized schemes. For instance, under a highly centralized MEC hypothesis, the overall E2E latency integrates extra delays related to backhaul and core network which are mainly distance-driven, we then assumed 2 ms for each component [START_REF] Poli | Evaluation of 5g-nr v2n connectivity in a centralized cooperative lane change scenario[END_REF]. This corresponds to lower bounds (typically, under the coarse assumption of 1ms/100km for fiber transport). Whatever the type of deployment, the UL latency remains below the 10 ms target. However, it is still more interesting to prefer a local deployment of the MEC to minimize this latency whenever the required processing/application only concerns UEs belonging to the same cell.

Figures 8 and9 show the evolution of the PDR for unconstrained reliability and constrained reliability (i.e., rate of packets delivered with a E2E RAN latency < 10ms), respectively. We thus remark that the unconstrained reliability remains at a quite high level close to 100% in DL. This implies that the merged CPM messages will be perfectly transmitted to the vehicles in the intersection, thus maximizing the level of road safety. In UL, the PDR is relatively stable for periodic traffic between 80% and 85% while for dynamic traffic, it tends to increase from 80% to 90% with the number of vehicles in the intersection. This increase in PDR is mainly due to the topology. Indeed, when there are only few vehicles in the area of interest, the distance between the vehicles and the base station is on average greater than if there was a large number of vehicles. For periodic traffics, we do not observe this phenomenon any more as it is balanced by a significant increase of the packet size, when there is a large number of vehicles (i.e., CPM messages include all obstacles). In comparison with the latter case, the latencyconstrained reliability is degraded in both UL and DL. In UL, the degradation is in the order of 10%, regardless of the type of traffic. For the DL, the latency being lower than 10ms, there is no degradation of the failure rate if the number of vehicles is lower or equal to 40. Beyond 40 vehicles in the intersection, the reliability progressively decreases to 65% (resp. 60%) for dynamic (resp. periodic) traffic with the increase of the number of vehicles and thus, of the network load.

Finally, in order to demonstrate the effectiveness of the proposed fusion algorithm and to highlight the impact of 5GNR connectivity performance on the merged list of obstacles, OMR results are also shown in Figure 10, for different values of the obstacles position error threshold T h (i.e., 4m (a), 2m (b) and 1m (c), See section III-A). This threshold can be interpreted as a tolerance on the positioning error. These curves highlight the actual benefits from cooperative fusion in terms of obstacles detection capabilities and also confirm the relevance of using CPM messages. In order to show that the fusion algorithm works correctly, we provide the performance obtained under perfect connectivity for benchmark purposes only. Actually, with a dynamic policy, information about obstacles is included in a CPM each time the obstacle changes its position by 4m or more. Therefore, in case of perfect connectivity, all obstacles should be updated, and no obstacle should be missed. Figure 10(a) shows that OMR in this case is null, which confirms our analysis and highlights the effectiveness of the proposed algorithm. With actual 5GNR connectivity, the OMR decreases as the number of vehicles in the intersection increases from 5% to 0.8% (resp. from 5.3% 1.7%) for dynamic (resp. periodic) traffic. This trend can be explained by the impact of a lost packet (containing the CPM message) on the merged obstacle list. When there are only 10 vehicles, the loss of a packet is more detrimental because there is little redundancy in the obstacles that are fed back to the fusion algorithm, unlike in the case of 100 vehicles. We can also note that dynamic traffic outperforms periodic traffic in terms of OMR. For a tolerance threshold reduced to 2m and 1m (Figure 10 (b) and (c), respectively), the trend is opposite. The OMR obtained from the periodic traffic then exhibits the best performance. Indeed, the rules for dynamic generation of CPM messages include an obstacle in the list, when it has moved over more than 4 meters. With the periodic approach, CPM messages must include all obstacles in visibility. The obstacles are then updated more regularly, what makes the approach more robust even if the network is more loaded in terms of the overall number of messages. For T h=2m, the OMR rate decreases from 15% to 7% (resp. from 6% to 2%) for the dynamic (resp. periodic) traffic. For a tighter tolerance T h=1m, the performance is still degraded, and the OMR decreases from 30% to 17% (resp. from 6% to 2%) for the dynamic (resp. periodic) traffic.

V. CONCLUSION By simulating a centralized CoCA service at a urban intersection, we have illustrated the impact of 5GNR-based cellular network performance for supporting a delay-sensitive application related to obstacles detection. These simulationbased evaluations at radio link level mainly concern the reliability and the E2E latency of the critical messages involved in CoCA service transactions (i.e., CPM). The obtained results have been discussed with respect to both network load and deployment. It has then been shown that 5GNR connectivity could guarantee a latency lower than 10 ms even if the network is strongly loaded (100 vehicles). Moreover, the reliability of such a network is excellent as radio resources are scheduled by the base station (i.e., preventing from any packet collision). Finally, the impact of several 5GNR connectivity configurations and settings on the final performance at application level (i.e., obstacles detection capabilities) has also been highlighted.
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 10 Fig. 10. Obstacle Misdetection Rate as the function of the number of vehicles.

TABLE I .

 I MAIN RADIO AND MESSAGES PARAMETERS.

	Parameter	Value
	Operating frequency (GHz)	3.5
	Bandwidth (MHz)	100 MHz
	Propagation model	Standard Urban Macro Cell, TR 38.901
	(UE, gNodeB) Antenna height (m)	(1.7, 15)
	(UE, gNodeB) Antenna	Isotropic
	(UE, gNodeB) Transmit power (dBm)	(23, 49)
	MCS	Adaptive (AMC)
	Numerology	2
	Channel Access (DL, UL)	TDMA
	Duplexing scheme	Time Division Duplex (TDD)
	Medium Access Control	Round Robin (RR) Scheduler
	HARQ IR	Enabled
	Messages size (bytes)	From 171 to 836 Bytes (UL CPMs) From 171 to 1396 Bytes (DL CPMs)
	Tx frequency (Hz)	10 (periodic) or dynamic (UL CPMs) 10 (DL regular CPMs)
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