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Abstract

:

This paper considers information transmission issue observed in a large scale test of cellular-based vehicular to everything (C-V2X) technology in China, which is the information blockage for the vehicle-to-vehicle (V2V) wireless communication. With such findings, we propose utilizing relaying-based information routing solutions by the support of K-means-type algorithm and an on-request relay selection method in a vehicular adhoc network (VANET). From the algorithm perspective, we refine the K-means-based VANET seeding principle with considerations on the global vehicle layout. On the other hand, base station and/or core network aided relay selection associated with vehicle maneuver is introduced for waking up relays when necessary in order to address the typical non-line-of-sight (NLOS) signal attenuation by taking the power consumption into consideration. To evaluate the system performance, we conduct Matlab and network simulator (NS)-3 simualtions to justify the algorithms, and adopt Veins-based simulations to show the data packets loss gain over non-relaying scenarios of realistic V2V scenario with NLOS signal dissemination.
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1. Issuesfrom Real-World Tests


In recent years, in order to pave the way for the upcoming C-V2X commercialization, International Mobile Telecommunciations (5G), IMT-2020 (5G) for short, has launched a series of C-V2X tests within China, promoting the C-V2X technology to the real road test and discovering new potential issues. With our developed C-V2X hardware, i.e., onboard unit (OBU) and roadside unit (RSU) in Figure 1c,d, it is of great treasure for Sony for its very first attempt in a C-V2X real-world interoperability test in Wuhan, November 2021. During the 2-day activities, we observed the NLOS signal attenuation as a threat to the real deployment of C-V2X technology. A wide variety of reasons may be concluded including limited bandwidth, flooding data packets, and, the trickiest one, obstacles in the transmission path. Bushes, trees, buildings and even vehicles could become obstacles in V2V communications, leading to NLOS signal attenuation as a threat to the real deployment of C-V2X technology. Therefore, relaying-aided signal dissemination approaches (e.g., our location-based one) becomes fairly necessary to overcome the information blockage.



The test field is located in Wuhan economic development district, a blocked T-junction road area with 200 OBUs installed around to simulate C-V2X packet transmission in a crowded traffic area. The test result shows that the packet reception rate remains highly stable (e.g., 95% or above) within the transmission range of 50 ms, and gradually declines to 80% and even worse with transmission range growing up to 400 m. As observed in the bird’s eye view Figure 1a, the road (i.e., path of B to D) is curved at a certain level, trees and bushes in the middle of the road happen to be a natural fence for long transmission between the sender and the receiver along the path of B to D, and the rough relief terrain between B and C also leads to typical NLOS transmission along the path of B to C. For such NLOS transmission, the worst test result shows that a data packet reception rate of 70% or even 60% may be achieved based on current 3GPP Rel-14 C-V2X chipset OBU.




2. Introduction


V2X (Vehicle to Everything) technology has been widely studied and implemented for road trial purposes in many places all over the world. Due to its natural advantages of the real-time traffic situation sharing, the road situation early warning can be easily realized for the driving safety and efficiency, which is very much superior to the environment detection results generated only by onboard sensors.



The VANET, as one of the well-known network architectures in the V2X use cases, has undergone significant investigations for its efficiency in routing messages to all other reachable vehicles and infrastructure within a given geographical area in a timely manner. One constraint of a VANET is the way that an appropriate relay vehicle is chosen and what the basic criteria is for determining the relay. Ref. [1] has studied a hybrid strategy for relay selection by considering the closest distance to the destination and best link status to bring in more robustness. Ref. [2] has considered the building shadow effect at intersections, utilizing the digital map and the Geohash coding system to relay the packets, and selecting the optimal relay node based on the relative position of the nodes and the intersection, to reduce the building shadow effect. Meanwhile, some other VANET relay papers focus on multi-hop relay, which is more practical in highway or suburban roadway scenarios. Ref. [3] has explored using the link quality as the key indicator for selecting multi-hop relay link paths to improve message reception performance over stringent communication conditions, and [4] has exploited the spatial diversity of the potential nodes from the sender for message reachability.



For improving vehicle grouping of a multihop vehicular network, clustering is introduced, which is a well-known unsupervised classification of data samples in a given space via the selection procedure to minimize an objective function. The K-means-type algorithm, as one of the most popular types of clustering, is formed by evaluating the summation of dissimilarities between each data point and its corresponding cluster center [5,6,7,8,9]. The dissimilarity refers to the mean squared distance from each data point to its nearest center. Note that these cluster centers are virtual centroids used for attracting data points within their coverage and that no overlap is theoretically allowed between different data sections. In recent research, ref. [10] proposes an improved K-means algorithm by considering attributes with respect to vehicle movement, where the typical K-means tailored for actual VANET deployment adopts precise cluster head vehicle selection and threshold-based algorithm termination conditions. Ref. [11] also takes into account the initialization phase of cluster heads, which is to use a Maximum Stable Set Problem(MSSP) combined by the Continuous Hopfield Network (CHN) to secure a stable set of cluster head vehicles. Ref. [12] proposes the location based methods as well but with the assumption of the property of the destination vehicle as a cluster head.



Some other relevant works considering cluster-based approaches on message routing principles are widely studied as well. In [13], in order to increase the route stability and average throughput, the current and destination location of vehicle nodes are used to select the optimal route via several routing protocols in different scenarios. Another cluster stability solution in [14] proposes a combination of a bully algorithm and a Lamport timestamp for selecting the better cluster head and for switching the cluster head in an efficient manner. Ref. [15] concentrates on direction of movement similarity for the selected cluster head and the neighbor one, to use their position coordinates and message forwarding destination, combing the direction of transmission of the message by the node. All in all, five parameters—location, direction, speed, destination and list of interests—jointly form different routing protocols for a stable cluster network, but with no efforts to the investigation and analysis of power efficiency and algorithm convergence.



Our proposal, by contrast, holding the viewpoint of ensuring an efficient power and relaying network, considers a more realistic VANET topology with real centroids and a corresponding seeding criterion, implemented in a range-restricted manner. With the help of the enhanced K-means algorithm, the vehicle closest to the virtual mean center vehicle in the set is selected as a relay vehicle, and the seeding area in the initialization procedure is subject to the maximum transmission power of the relay vehicles. Speaking of the route optimization, our solution introduces connecting vehicles as a low power message dissemination node to bridge the selected cluster head and its neighbor cluster heads. To extend the scope after the trial test thinking, the base station and core network are incorporated with the potential of Third Generation Partnership Project (3GPP) standard enhancement of the architecture.



The rest of this paper is organized as follows: Section 3 gives a typical V2X radio propagation model with the help of a randomly distributed vehicle map on a four-lane highway. In Section 4, K-means-type algorithms with centroid and seeding enhancements are proposed. Through the experience of IMT-2020 organized C-V2X large-scale test, a high level location based solution with specification impact is summarized in Section 5. In Section 6, we carry out MATLAB, NS3 and Veins simulations to evaluate the performance of the proposed algorithms and the retro from the real-world test followed by corresponding analytics and speculations in Section 7. Finally, Section 8 concludes the paper.




3. System Model


A V2V communication scenario is considered in this section, as shown in Figure 2. Assume that the number of vehicles in a traffic area is m, which is denoted as   V = {  v 1  ,  v 2  , … ,  v m  }  . Among those that are randomly distributed exists a broadcasting vehicle we call the source vehicle, which broadcasts important messages (e.g., Emergency Situation Warning Message) with transmission power   P 0  . Define two sets of vehicles, i.e., relay vehicles and free vehicles, which are denoted as R and N, respectively. They satisfy   V = R ∪ N  . Then, we have the following description of the two vehicle sets mentioned above:


     R = {  v n  ∣  δ n  = 1 ,  v n  ∈ V } ,     



(1)






     N = {  v n  ∣  δ n  = 0 ,  v n  ∈ V } ,     



(2)




where   δ n   is a binary variable, with   v n   being a relay vehicle when    δ n  = 1   and   v n   being a free vehicle when    δ n  = 0  . When    ∑  δ n   ≥ 1  , at least one relay vehicle exists in the traffic area.




4. Enhanced K-Means-Type Algorithm


Recall that the conventional K-means-type algorithm was designed for describing the process of partitioning an N-dimensional observation into k sets on the basis of a sample [5]. When clustering points with the squared Euclidean distance metric, the procedure described in [5] gives the following objective function that updates the mean center of a cluster to find the closest center for each point:


     ϕ =  ∑  v ∈ V    min  c ∈ C     v − c  2  ,     



(3)




where   v 1  ,   v 2  , ⋯,    v m  ∈ V   are the m vehicle nodes defined in the system settings of Section 3 and C is the centroid set, with each element c representing the center of a corresponding cluster.



4.1. Real Center Mean Exploration


The center mean   μ  (  C i  )  =    C i    − 1    ∑  x ∈  C i    x   is well defined in [9], and the intermediate consequence keeps updating until the mean squared error (MSE) of two consecutive mean centers is smaller than a given threshold. By an analysis of the iterative procedure, it is not difficult to find that the cluster center selected is not a real data point in the set but a statistical mean value, which we call a virtual center. To make the algorithm fit the system model proposed in the VANET, the closest vehicle to the virtual mean center vehicle in the set should be chosen as the cluster center for the information rebroadcasting. In this regard, we provide two candidate enhanced K-means-type algorithms with consideration of the update timing of different real centers.



The K-means-type1 algorithm given in Algorithm 1 shows a virtual-to-real centroid transition in each iteration via the centroid recalculation once the subspace (cluster) has changed. Specifically, step 4 to step 6, which we designed for the VANET, differentiate this algorithm from the typical K-means algorithm. It is well worth noting that   θ th   is a numerical threshold to assure two nodes selected adjacent in time are close enough.








	Algorithm 1 K-means-type1 Algorithm for the VANET



	Require:



	     Number of clusters required for the network;



	     The set of initialized cluster centers,   c i  ;



	Ensure:



	     Real cluster center closest to the virtual center mean,   v i  ;



	     Connecting vehicle,   v j  ;



	
	1:

	
Arbitrarily select k clusters with the center initialization   C =   c 1  ,  c 2  , … ,  c k    ;




	2:

	
Partition the vehicle set via  ϕ  by calculating the distance between each individual vehicle and all centers to find the nearest cluster;




	3:

	
Update the centroid   c i   via the mean center calculation function   μ  (  C i  )  =    C i    − 1    ∑  x ∈  C i    x   in each cluster   C i  ;




	4:

	
Map the mean center   μ (  C i  )   to the closest vehicle    v i  ∈ V   within each cluster   C i  ;




	5:

	
Repeat 3 and 4 until      v i   ( t )  −  v i   ( t + 1 )   2  ≤  θ  th     is satisfied;




	6:

	
Pick    v j  ∈ V  j ≠ i    that is closest to the center of two sequential centroid vehicles;




	7:

	
return   v i   and   v j  ;












The other enhanced K-means type algorithm, called K-means-type2, which is shown in Algorithm 2 in parallel, calculates the real vehicle center after the algorithm converges in the form of virtual center means. Similar to the Type1 algorithm, a numerical threshold   λ  t h    is set for the convergence of a virtual center mean. The two algorithms theoretically share many similarities, with the only difference being the order of step 4 and step 5 and the parameters therein. It is also well noted that the algorithm selects the connecting vehicle   v j   by finding the closest approximation to the midpoint of the distance between two selected consecutive real center vehicles, and this procedure fits for both algorithms. The outcome achieved via the enhanced K-means algorithms matches the actual network layout better, even though a double approximation on the cluster centers and connected relay vehicles is implemented.








	Algorithm 2 K-means-type2 Algorithm for the VANET



	Require:



	     Number of clusters required for the network;



	     The set of initialized cluster centers,   c i  ;



	Ensure:



	     Real cluster center closest to the virtual center mean,   v i  ;



	     Connecting vehicle,   v j  ;



	
	1:

	
Arbitrarily select k clusters with the center initialization   C =   c 1  ,  c 2  , … ,  c k    ;




	2:

	
Partition the vehicle set via  ϕ  by calculating the distance between each individual vehicle and all centers to find the nearest cluster;




	3:

	
Update the centroid   c i   via the mean center calculation function   μ  (  C i  )  =    C i    − 1    ∑  x ∈  C i    x   in each cluster   C i  ;




	4:

	
Repeat 3 until      c i   ( t )  −  c i   ( t + 1 )   2  ≤  λ  th     is satisfied;




	5:

	
Map the mean center   μ (  C i  )   to the closest vehicle    v i  ∈ V   within each cluster   C i  ;




	6:

	
Pick    v j  ∈ V  j ≠ i    that is closest to the center of two sequential centroid vehicles;




	7:

	
return   v i   and   v j  ;













4.2. VANET Seeding Principle


Because the clustering problem is NP-hard with only local optimality, the cluster centers selected have very low correlation with each other. For a system of the VANET, this seeding principle may not work well since a proper network topology has to ensure that the relay vehicles stay in the effective coverage area of one or more of them. In other words, to cause the information broadcasting to occur in a continuous way, the maximum transmission power of the relay vehicles should be considered. As such, we modify the existing objective function (3) by making it subject to the following condition:


     ϕ   v i  ,  v  i + 1    ≤  D *   i = 1 , … , k − 1 ,     



(4)




where   D *   is the maximum distance allowed between two adjacent centroid vehicles. Note that nonoverlaping centroid vehicles correspond to the k clusters initialized in the algorithms mentioned above. Directly incorporating (4) into the algorithms proposed in Section 4 would more or less slow down the algorithm convergence due to the mismatch between globally searching and locally restricting cluster centers. To avoid this drawback, we propose applying the random seeding principle with restriction of the range at the very beginning of the algorithm. Specifically, the centroid vehicles are initialized separately and locally fulfill (4) until the algorithm becomes stable instead of arbitrarily selecting the cluster centers globally. To this end, Section 6 takes these limits into account when implementing the two proposed algorithms.




4.3. Mathematical Formulation of the VANET Seeding Principle


Recalling the vehicle nodes and cluster centers defined in (3), we recalculate the formulation of the objective function in [6] by imposing the constraints mentioned in Section 4.2. The following mathematical problem is obtained with a restriction on the distance between two consecutive cluster centers, which is formulated in (4) and corresponds to the proposed seeding principle for the VANET.


        minimize  f  W , C  =  ∑  i = 1  k   ∑  j = 1  m   w  i j   D   v j  ,  c i             subject  to                 ∑  i = 1  k   w  i j   = 1 ,  j = 1 , 2 , ⋯ , m ,        w  i j   = 0  or  1 ,  i = 1 , 2 , ⋯ , k ,        ∑  i = 2  k    c i  l   −  c  i − 1   l    ≤  ( k − 1 )   D *  ,         



(5)




where W is a   k × m   real matrix,   C = [  c 1  ,  c 2  , ⋯ ,  c k  ]   is the set of cluster centers,   D   v j  ,  c i     measures the dissimilarities between   v j   and   c i  , and l represents the number of iterations.



Proposition 1.

  c k *   is the local minimum cluster center of the objective function (5).





Proof. 

To obtain the local minimum cluster center, we adopt the Lagrange multipliers method to form a Lagrangian function with the KKT condition as follows.


     L  c , μ      =  ∑  i = 1  k   ∑  j = 1  m   w  i j   D   v j  ,  c i            +  ∑  j = 1  m   μ j    ∑  i = 2  k    c i  l   −  c  i − 1   l    −  ( k − 1 )   D *            +  ∑  j = 1  m   λ j    ∑  j = 1  k   w  i j   − 1      



(6)







By setting    ▽  c k   L = 0  , we obtain a potential local minimum through


       ∂ L   ∂  c k    =   ∂ A   ∂  c k    +   ∂ B   ∂  c k    = 0 ,     



(7)




where


        A =  ∑  i = 1  k   ∑  j = 1  m   w  i j   D   v j  ,  c i            B =  ∑  j = 1  m   μ j    ∑  i = 2  k    c i  l   −  c  i − 1   l    −  ( k − 1 )   D *             ∂  ∂  c k     ∑  j = 1  m   λ j    ∑  j = 1  k   w  i j   − 1  = 0 .     











Then, we obtain


      c k *  =    ∑  j = 1  m   w  i j    v j  +  μ j   c  k − 1      ∑  j = 1  m   w  i j    μ j    ,     



(8)






      ∑  j = 1  m   μ j  =    ∑  j = 1  m   w  i j     c k  −  v j      c  k − 1   −  c k    .     



(9)







Suppose that   c k *   fulfills the local minimum requirement; then, a unique   μ *   exists, subject to the following:


      ▽  c k    L   c k *  ,  μ *        = 0 ,     



(10)






     μ *     ≥ 0 ,     



(11)






      μ *  g   c k *       = 0 ,     



(12)




where   g   c k *   =  ∑  i = 2  k    c i  l   −  c  i − 1   l    −  ( k − 1 )   D *  ≤ 0  . For (12), consider two cases:    ∑  j = 1  m   μ j  = 0   and    ∑  j = 1  m   μ j  > 0  . Thus,


      c k *  = max   v j  &  w  i j   = 1 ,    ∑  j = 1  m   w  i j    v j  +  μ j   c  k − 1      ∑  j = 1  m   w  i j   +  μ j     .     



(13)







It is obvious that    μ *  g   c k *   = 0   if    μ *  = 0  . When    μ *  ≥ 0  , the following approximation is obtained:


      lim l  g   c k *   =  ∑  i = 2  k    c i  l   −  c  i − 1   l    −  ( k − 1 )   D *  ≈ 0 .     



(14)







Hence,   c k *   is the local minimum cluster center position of the objective function (5). This ends the proof. □





As an NP-hard problem, the result could be easily falling into the local optimal circle instead of a global one due to its nature. Any deterministic algorithms targeting the optimization of the system performance in terms of minimizing or maximizing the objective function may have negative impacts on the overall performance. As such, we proposed to partition the clustering layout for the sake of local optimal relaying network, then connect different clusters for a nearly global optimization outcome.




4.4. Standards Impact


How do the real-time local topology and the calculated optimal centroids work in the actual V2X implementation? Based on the design of the application layer of a typical communication protocol [16,17], we propose extending C-V2X messages, e.g., Emergency Situation Warning Message and Special Vehicle Warning Message by adding new data elements of the broadcast relay node and lane direction as needed [18]. Note that the specific information included in the broadcast relay node related to the target relay vehicles is the identification, position and relay type, with which several applications such as intervehicle security are well supported. In the case of vehicle-controlled broadcasting, the local topology is signalled either by the base station through a Uu link or by the RSU through the PC5 interface. In addition to a V2V information relaying, the V2I scheme is also considered to be applicable though we did not make it into our enhanced K-means algorithm. In the following section, we elaborate a scenario with the consideration of participated RSU/base station/core network.





5. Real-World Test Summary


It is a popular design in the C-V2X demonstration area for the RSU to be deployed at either the intersection or highway road side for information collection, information refinement and relay function. However, requiring substantial infrastructure costs, the vehicle-based relay may provide another route. Though such relay candidate selection area seems easy to find, the various real road conditions introduce a wide variety of scenario-specific difficulties in accurately identifying such area in detail. However, with the development of the network data analytics function (NWDAF) and other AI topics such as Federated Learning introduced into 3GPP, the exposure of VANET communication characteristics from UE to gNodeB and core network may provide a platform for data analysis, relay on-request area and relay candidate selection area determination. Similar to how the base station manages the area of the cell, the high-definition map can also be divided into different VANET communication blocks with the intersection area, the bend area and semi open location close to obstacles as relay node selection areas. The mechanism to define transmission block and intersection should be based on the quality of service (QoS) of packet transmission; the QoS of the packet transmission within one VANET communication block shall remain aligned and stable, while Tx UE and Rx UE belonging to different communication blocks differ largely with location differences. The relay node selection area shall bridge multiple communication blocks, while the UEs inside the relay node selection area can establish a stable short range transmission link with the UE in those blocks within the surroundings. The base station may take the role of data collector to identify short range data transmission quality characteristics with the locations of both sender and receiver, reporting the statistics to the core network, enabling NWDAF to analyze the VANET transmission quality in relation to different areas with the help of the location management function (LMF), to decide VANET communication blocks and relay node selection areas. Vehicle type UE entering a relay node selection area can be validated by the base station or Core Network functions as relay nodes dynamically minimize the NLOS transmission from obstacle (e.g., buildings, vehicles) shadow effects.




6. Results


6.1. Relaying Algorithm Evaluation


To evaluate the system performance when the proposed algorithms were adopted for the VANET relay selection, a MATLAB-NS3-based method is utilized in this simulation. A brief files coordination flow is shown in Figure 3 to give a general understanding of different platform connections. The simulation platform is developed based on the scenario and parameters defined in 3GPP TR36.885 [19]. Our simulation focuses on the highway scenario, where the relay node selection targets those mobile vehicles heading in the same direction. When the vehicles reach the margin of the designed area, they are reassigned to the entrance of the highway, and this procedure repeats as a closed-loop process. The specific parameter configuration of the simulation is given in Table 1. It is well worth noting that two parameters involved in our proposed algorithms, which are the number of clusters required for the network and the initialized cluster center for each cluster. For simplicity, 2 clusters are selected to cover the overall traffic and the initialized cluster centers are randomly nominated within each cluster correspondingly. It is certain that if the number of clusters increases, the message routing delay expands as multiple hops are introduced. Additionally, the range of the blind zone shrinks as the location of clusters adjustment becomes more flexible.




6.2. Relaying Mechanism Evaluation


Except for the above algorithm itself helping to find the optimal information relaying vehicles, a high level approach is considered from the perspective of the relaying mechanism. We as such conduct Veins-based simulation including relays to virtually recover and relieve information blockage exposed in the real-world test. The reason behind choosing Veins is that, besides the signal path loss model provided, the Obstacle Shadowing model [20] and Vehicle Obstacle Shadowing model [21] added in the latest version of Veins make it easy to focus on how to define a better optimized relay selection algorithm in the upper layers to enhance VANET communication coverage.



In the simulation, a very typical urban intersection area near Berlin (see in Figure 4) is selected with around 30 vehicles near or approaching the intersection center, the vertical road has 6 lanes and the horizontal road has only 2 lanes; thus, different densities of vehicles are applied to different roads. The transmission parameters setting is as follows (in Table 2).





7. Discussion


One of the important features to evaluate our enhanced K-means-type algorithm is the information relaying delay. In Figure 5a, a local maximum information transmission delay is calculated, i.e., a clustering-led maximum delay is nominated to evaluate the performance. It is well worth noting that our proposed K-means-type1 algorithm keeps a fairly low profile with the ascending number of vehicles on the road, and the end-to-end delay from either source to cluster head or cluster head to the ego vehicle maintains around 10 ms which is sufficiently smaller than two of the algorithms referenced [10,11].



To better evaluate the performance of the proposed clustering algorithms, it is necessary to observe the throughput of the system in comparison with the legacy approaches in [10,11]. In Figure 5b, we evaluate how the algorithms work from a sparse scattering scenario to a dense one. It can be seen that the throughput calculated by implementing our proposed algorithms shows an ascending superiority over two referred algorithms when dropping more vehicles in the layout. The advantage could be greater than 30% in terms of performance gain @300 vehicles scenario. In particular, two proposed algorithms show almost no difference due to the reason that the order of centroids selection contributes little to system performance instead of the algorithm itself.



Figure 6 investigates a comparison of the convergence speed by implementing the proposed algorithms and typical K-means algorithm under different metrics. The metrics in regards to the distance calculation are derived based on the metric criterion in [6]. The cluster centers calculated via the proposed algorithms become stable after only three to four iterations, in contrast to the eight iterations for the typical K-means algorithm in the case of evaluating the member quantity in each cluster. With more stringent restrictions on the algorithm seeding range, it is well understood that the shrinking search space of the proposed algorithms effectively contributes to finding the optimal relay vehicles with a priori information of the real-time topology.



In Figure 7, without any relays, vehicles alongside the horizontal road achieved the data packet reception rate at 29.5% while vehicles in the vertical road at 75.1%, and vehicles within 50 meters range to the intersection center could achieve 95% above data packet reception if dividing simulation periods and focusing on packet reception rate variance corresponding to location variance. This is a natural consequence since the line-of-sight (LOS) transmission path dominates the scenario when either the sender or the receiver is at the intersection, while NLOS is typical when both sides are far from the center and not in the same section of road. The square area with 100 m side length is specifically selected as the relay selection area, all vehicles within this area could switch their relay function on, and the maximum relay nodes number is applied to minimize redundancy of relayed transmission. Various methods could be used for relay node candidate confirmation, in the Veins simulation we use our proposed K-means type1 algorithm to initially pick the relay vehicles up, after that the announcement message is used to identify the existence of relay nodes to eliminate potential relay redundancy. It is well noted that the candidate node must listen for a period before switching on relay function. With relay switched on in the simulation, the performance increased to 91.3% for horizontal direction vehicles and 98.9% for vertical direction vehicles, at the cost of 1.99 times more transmission budget for relaying data packet.




8. Conclusions


To address the issues found in the real-world test, we propose a cluster-based relaying vehicle selection scheme with a restricted seeding procedure. Taking celluar-based network architecture into account, Veins-based simulation is facilitated to recover the situation in the test, and the relaying based approach is nominated and compared. From the simulation results, the performance gain in terms of system throughput, latency, and packet received rate could be achieved by the comparison with the state-of-the-art and the no relaying case.
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Figure 1. IMT-2020 Wuhan large-scale interoperability test and Sony test devices. (a) Test road bird view map. (b) Sony test vehicles. (c) Sony test OBU. (d) Sony test RSU. 
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Figure 2. Information broadcasting relaying in a four-lane and two-direction highway. 
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Figure 3. Matlab-NS3 files coordination. 
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Figure 4. Real-world simulation map. 
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Figure 5. Proposed algorithms delay and throuput performance evaluation. (a) Information broadcasting delay. (b) System throughput vs. the number of vehicles. 
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Figure 6. Proposed algorithm convergence speed under different evaluation metrics. 
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Figure 7. Data reception rate performance improvement with relation to transmission distance. 
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Table 1. Simulation-1 parameter settings.






Table 1. Simulation-1 parameter settings.





	Parameter
	Configuration





	Num. of Lane
	6, Single Direction



	Wid. of Lane
	3 m



	Len. of Lane
	3000 m



	Num. of Vehicles
	200



	Velocity of Vehicles
	≤120 km/h



	Bandwidth
	10 MHz



	PSD of Noise
	−204 dB/Hz



	Carrier Freq.
	5.9 GHz



	Tx Power of Source Vehicle
	24 dBm



	Tx Power of Centroid Vehicle
	27 dBm



	Tx Power of Connecting Vehicle
	24 dBm










[image: Table] 





Table 2. Simulation-2 parameter settings.






Table 2. Simulation-2 parameter settings.





	Parameter
	Configuration





	Layout size
	4800 × 1600 × 50 m



	Velocity of Vehicles
	≤108 km/h



	Bandwidth
	20 MHz



	PSD of Noise
	−204 dB/Hz



	Carrier Freq.
	5.9 GHz



	Tx Power of Vehicle
	40 mW



	Bitrate
	6 Mbps



	Minimum power level
	−110 dBm



	noise power level
	−98 dBm
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