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Introduction
This document on eV2X evaluation methodology proposes new metrics, which focus on latency and reliability, we consider essential to evaluate the eV2X phase 3 use cases. The scope of our metrics handles the aforementioned KPIs in both, communication and positioning scenarios.  
In the previous email discussions [1-3], the simulation and evaluation methodology for different use cases has been considered. Hence, a need for defining new metrics and KPIs that evaluates both latency and reliability (in communication and positioning) for various eV2X use cases were identified. Accordingly, this technical document gives more details about our expected simulation modeling and associated metrics/KPIs including:
· Mobility models resembling the need for low-latency, transmission reliability, and positioning accuracy
· Traffic model with URLLC traffic and different geo-spatial adaptations
· [bookmark: _GoBack]Interference modeling for positioning evaluations
Furthermore, we propose and discuss the following performance indicators related to the discussed modeling requirements: 
· Additional metric for low-latency communications, e.g., latency on different layers: PHY, End-to-End latency
· Additional reliability metrics, e.g., persistent collision probability
· Additional metrics for positioning:
· Relative positioning error, e.g. to other UEs
· Absolut positioning error
· Latency until a positioning procedure is completed
eV2X Simulation Modelling
Here, we outline some aspect on simulation and modelling to motivate our proposals on metrics for positioning and communication in section 3.
Mobility Model for Accurate Evaluation
In our understanding, mobility modeling will consider the vehicle mobility flow, whether it is a canonical model, e.g., a car-following model, or rather a random model. In addition, we see the need to define the mobility model also for a defined vehicles behavior for different use cases. In order to reach consensus on the required mobility models, we propose to limit the use cases to two use cases: extended sensors and advanced driving, where the latter one can also be adapted and used for platooning. This should be sufficient to avoid extending the number of simulation scenarios. 
In this document, we propose to consider a dynamic and realistic traffic mobility model fitting the selected use cases [10]. A single model can be selected, e.g., the car-following model [10,11], and, thereafter, the parameters and the model rules can be modified according to different use cases. The specified mobility model has to consider vehicles in the same lane as well as vehicles in opposite lanes and/or at cross-sections. 
The mobility models can be useful for defining communication models for different use cases and traffic requirements, i.e., eMBB or URLLC. For example, the use cases involving mobility imply latency requirements, e.g., autonomous emergency braking and maneuvers. Additionally, the mobility models have a direct impact on the positioning analysis and its accuracy. The traffic densities, as well as the velocity of the cars play a crucial role for V2X positioning. Furthermore, defining the mobility model accurately now assists our channel modelling and blockage scenarios.
Observation 1: The selection of the mobility model has an impact on the used traffic scenarios, e.g., eMBB/URLLC, and the evaluation of positioning mechanisms. 
Proposal 1: To simplify simulation complexity, it is important to select only one mobility model and suggest modifications fitting different use cases and scenarios.

Traffic Model for Latency Requirements
The NR-V2X evaluation and KPI selection should involve a wider range of applications and use cases [8], e.g., platooning, remote driving, sensor sharing, etc. Hence, the traffic model should consider all possibilities of:
· Periodic and non-periodical transmission
· Event-driven traffic model, whether it is with
· different (stochastic) inter-arrival rates with variable file sizes, or
· location based traffic model NR V2X, i.e., event- and location-triggered traffic involve large volume of traffic
· URLLC traffic with small packet sizes and congestion modeling
Non-periodic Traffic Modelling
For eMBB traffic, as a base-line, traffic congestions can be modeled differently by modifying the FTP model 1 parameters (as depicted in Figure 1 and discussed in [5]). In this case, FTP-1 models the system with a Poisson arrival process. Moreover, to simulate burst and long durations of data traffic transmission, FTP model 2 can be adapted with different inter-arrival packet times as indicated in Figure 2. 
However, for the more critical situations, i.e., URLLC traffic, FTP model 3 can be adapted; this includes also the Poisson packet arrival rate for each UE.  For more specific user congestions, we can combine FTP model 1 and model 3 as shown in Figure 3. Different parameters can be selected based on the required situation, e.g., whether a vehicle is at a cross-section or crossing from a zone to another. This can also be simulated as an event-triggered transmission, i.e., the model has to consider packet arriving based on events with Poisson distribution, e.g., for critical event simulation. Additionally, doubling the traffic intensity/congestion can be modelled by increasing the users’ inter-arrival rate.
In LTE-URLLC, another discussion has been started regarding the required packet size [5]. Here we suggest considering file sizes based on the use cases. Hence, starting with 32 bytes might be useful for low-latency data message transmission. 
[image: ]
Figure 1: FTP 1 with Poisson packet inter-arrival rate and fixed packet size S [5]
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Figure 2: User 1 FTP 2 with exponential packet reading distances and fixed packet size S [5]
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Figure 3: Proposed user and packet arrival rate with congestion and event triggered user transmission, as a modification of FTP Mode 3

Periodic Traffic Modelling
Besides the event-triggered traffic, we note that periodic traffic message generation (with deterministic intervals) is also desirable for V2X. Hence, the traffic model in [4] (A 1.5) can be a baseline.
However, there is also an additional need to implement (modify [3, A.1.5]) to accommodate triggered periodic events with shorter duration and fast (short) transmission periods. Therefore, additional triggering event need to be modeled as in congestion situations (event distribution can be FFS). The period and the file size are also modeled as random variables. FFS whether to consider a fixed packet sizes with Poisson period arrivals. 
Observation 2: 
Traffic model selection has an impact on the selected scenario and the required latency/reliability; whether the traffic model is periodic, non-periodic, or event triggered needs to be considered before we evaluate different use cases. 

Proposal 2: Event-driven traffic modeling is required based on a stochastic process, e.g., Poisson. This has to consider various starting probabilities P and different file sizes. 
Proposal 3: Another periodic Traffic model needs to be considered. The initial instant of this model can start at the beginning of the simulation time; Rel. 14 traffic model can be the base-line. Another new alternative is to have a random event-triggered starting time with, additionally, a random periodic transmission and a random file-size. FFS the distribution of the period values and the file sizes.
Positioning
For positioning evaluations, the mobility and traffic model assumptions can be reused. The evaluation for ranging based SL positioning could in principle be performed as follows
· each car initiates a ranging process at the beginning of the simulation with probability P (Proposal 2),
Alternative: multiple repetitive transmissions of ranging signals are in line with Proposal 3
· neighbouring cars receive the signal and respond with a transmission.
Additionally, the modelling of interference is required
· Modelling of interference due to communication signals depends on the resource configuration and could be modelled as additional noise
· Interference due to other concurrent positioning procedures should be accurately modelling, i.e. as structured interference.
Proposal 4 Interference to positioning signals is modeled as structured interference in the case of interference by other positioning signals, additional Gaussian noise for communication signals.

[bookmark: _Ref506541234]eV2X Evaluation Performance Metrics
If detailed modelling assumptions are agreed, metrics to allow for comparison of the various proposals are needed. It is important to note, that the simulation assumptions can only capture a limited set of all possible real world V2X traffic on country roads, in city during rush hour or at night and on motorways. The result of the metrics, described in the following will highly depend on the selected parameters for, e.g. traffic model, mobility and dropping model and many more.
As a baseline, the selected metrics need to consider the different NR numerologies, e.g., different non-slot-based (mini-slot) durations and different subcarrier spacing.
Communication Metrics
Latency and Reliability Evaluation Metrics
Evaluating Latency in the eV2X
As discussed in the previous section, the selection of the traffic model and the mobility model is crucial for evaluating different KPIs, including evaluating latency and reliability requirements. For example, throughput and packet download time with reduced latency is highly impacted by the file sizes and the traffic arrival. Another aspect of the mobility model is how the impact on latency and reliability is related to the vehicle mobility and traffic congestions. 
In this section, we need to define few metrics to evaluate the latency required in the eV2X evaluation methodology. Here we need to down select from the following (It should be studied, whether they are different for different use cases):
· Single/bi-direction end-to-end latency: This considers the time needed to deliver 1 packet (single transport block TB) correctly, i.e., with and without HARQ acknowledgments feedback in eV2X
· Average (together with the minimum and maximum) latency can be considered as well; these will show huge differences for different use cases, traffic models, and mobility conditions
· Maximum/minimum/mean of scheduling delay and upper layer latency needs to be modeled for better evaluation to the overall latency
· Handover latency (cross cells and cross zones) including resource acquisition and synchronization latency has to be modeled. FFS how this is related to legacy HO metrics.
Proposal 5: New metrics for latency need to be considered including the ones stated in LTE-URLLC plus PHY/L2 related eV2X latencies.  NR numerologies have to be taken into account.
Evaluating Data Transmission reliability in the eV2X
In this section, we need to draw attention to the need of defining one or more metrics for evaluating the different reliability requirements in this study item. The decision here cannot be easily decoupled from the reliability metrics defined in the URLLC spin-off discussion currently been held for LTE and NR. One has also to consider the reliability and latency metrics defined in the ITU requirements [5]. Most probably, we can simply tie the reliability with the required latency as follows: 
· Maximum reliability within the latency duration (durability or availability): to down select from different values and based on the use case, e.g., 10-5 in 1ms, 10-4 in 10ms, etc.
More new reliability metrics need to be defined as well to have a better coverage to our use cases (and not only URLLC). Those can be:
· Group transmission and coverage reliability: this is very useful for platooning use case. Coverage can consider spectral efficiency (SE) metrics as a base-line.
· Persistent collision probability:  it is necessary to consider an additional metric related to the persistent collision behavior. This will be very essential if a critical mobility situation is modelled. Herein, we mandate the n-consecutive packet loss (n-CPL) counts. For a particular n (number of packets) and a particular Tx-Rx UE link, the event of n consecutive packets losses is defined as n consecutive packet reception failures, with the packet preceding the first lost packet and the packet following the last lost packet being correctly received. Then, the number of such event occurred on a needs to be evaluated with CDF/PDF plots. 
Proposal 6: New reliability metrics need to be considered within the different defined required latencies, and other metrics that include persistent collisions and coverage SE.

Positioning Metrics
Earlier studies of positioning schemes within 3GPP (e.g. [9]) were focused on regulatory public safety use cases and evaluated the 2D/3D positioning accuracy. However, as new use cases like for V2X arise, additional metrics are needed to characterize the new RAT dependent positioning mechanisms. 
For V2X use cases, 1-dimensional (e.g. ranges between vehicles or ranges between vehicles and RSUs) positioning information as well as 2D and 3D absolute position estimates are useful.
The absolute positioning accuracy can be captured in a CDF as usual. This enables the characterization of a new sidelink (SL) positioning scheme using multiple SL measurements, e.g., ranging or angle-of-arrival estimation. However, even though this study focuses on the development of a new positioning scheme for V2X SL, we should also consider other RAT-dependent and –independent positioning sensors that will be integrated in a vehicular positioning engine:
· other RAT dependent techniques
· 3GPP integrated RAT independent techniques
· other RAT independent techniques, e.g. radar, lidar
If appropriate, the agreed metrics should also be usable for the fusion of multiple sources. However, this study should focus on the performance and characterization of RAT dependent techniques for SL-based positioning.  Ranging is one example of the promising techniques that can be beneficial for the targeted applications within V2X positioning. A single TOA estimate might not be sufficient for evaluation, since it does not fully capture the mobility induced loss in accuracy of a 1D range estimate. Also the latency aspects play a crucial role in positioning for V2X. While earlier positioning schemes were designed with regulatory requirement in mind (latencies of several seconds acceptable), vehicle positioning typically demands much lower latencies, e.g. on the order of milliseconds to support quasi-real-time reactions in high mobility scenarios. In this regard, V2X positioning is more closely related to real-time locating systems, for which a characterization guide is provided in [7]. Also if possible, metrics should be applicable for any combination of V2V, V2P and V2I, e.g., assuming UE-type RSUs for SL operation. 
Relative Positioning Error
In [1] it became clear that some companies consider the combination of 3GPP positioning results with other positioning solutions a justified use case. However, it was pointed out that this should not be addressed by RAN1. While it is possible to perform high level data fusion using a RAT based 3D position estimate at application layer, also single measurements are useful, see Figure 1. If no 3D position estimate can be obtained, e.g. due to insufficient measurements, the successful ones should still be considered. Otherwise, information may be lost, that was previously acquired usually at the cost of radio resource or battery runtime.
As said, 1-dimensional measurements itself are of interest and useful by nature for the considered use cases.
To evaluate the usefulness of a single SL positioning measurement 1D relative position estimate is needed. The error of relative position estimates can be represented as 1D (ranging) error:

If ranging is considered, it might not be sufficient to evaluate a single TOA value.
Proposal 7: For timing-based approaches, the accuracy of the relative position estimate (1D) based on ranging should be evaluated.
The 1D ranging accuracy could be evaluated at link level, e.g. assuming relative speeds of up to 250km/h for the freeway scenario.
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Figure 4 SL ranging and GNSS combination.

Absolut Positioning Error
If eV2X positioning is used in combination with GNSS or as a fall back, the absolute positioning error is relevant. To obtain a 2D/3D position, multiple 1D measurements with UEs of known position can be used. These could be UE-type RSUs or anchor vehicles. The absolute positioning error defines the difference between the calculated and the actual position and can be written as an error vector
.
The absolute error can be calculated for 2D (representing the horizontal accuracy) as in and 3D :

.
As usual,  of all simulated users can be shown in a CDF.
Besides showing the magnitude of the absolute error vector individual error components can be a separate CDF. The height component is relevant in parking lot or multi-level road scenarios. For the 2D positioning error, the error vector should be transformed to a local coordinate system, e.g. in Figure 2, and the error in X/Y direction is evaluated.
[image: ]
[bookmark: _Ref345683062]Figure 2: Vehicle reference position [8].
If eV2X positioning is used in combination with GNSS or as a fall back, the absolute positioning error is relevant and can be evaluated in a 2D or 3D CDF.
Proposal 8: Evaluate the 2D/3D absolute error in a CDF.
Latency
In a device to device scenario with high mobility, latency plays a crucial role until a positioning estimate is available. Latency can be defined on different layers and regarding different requirements. In [7], latency in real-time tracking systems is defined as the elapsed time from a request for a position estimate to delivery to the ultimate user of the position estimate. This is hard to evaluate from a RAN1 perspective, since it may include 
· discovery of neighbour devices
· physical layer measurements collection of results
· calculation of the position estimate
However, it also shows that low latency is a requirement that also needs to be addressed across all layers.
Observation 3: Positioning latency should be addressed on multiple layers.
Latency could be evaluated with respect to a 2D/3D position estimate, but also the time required for a single positioning measurement can be considered. That way, the bare physical layer performance can be assessed, which is then decoupled from signalling effects or the influence of higher layers.
Proposal 9: Physical layer latency for a single SL positioning process should be evaluated.
For SL range measurements this includes transmission of a first signal at time t1 and reception of a second signal at time t2 (round-trip-time). Also the transmission/reception of multiple signals per participant at different time instances in a single ranging process can be investigated. Multiple measurements may lead to enhanced quality or accuracy but come at an increased latency. 
Proposal 10: For SL ranging, consider the latency to be the minimum signal transmission and reception time, that is needed to achieve an accuracy < X m with probability P=95%.

Availability
Availability could be regarded as the number of times in which a position estimate can be calculated with a minimum performance requirement [7], e.g. accuracy and latency.
This can be evaluated at different level, e.g. at the physical level, as the number of UEs that receive a ranging signal at a given SINR. Also the number of cars that successfully receive control signalling that configures the ranging process may be limited. 
Limited hearability of control signalling may become an important factor for V2X positioning. In positioning schemes like OTDOA or UTDOA all control signalling is conveyed to the UE via Uu from the serving cell, ensuring good channel conditions. The PRS signal itself, offers a high processing gain and thus is receivable from eNBs which are out of reach for any data transmission. In V2X it is not clear if a central entity like the E-SMLC is in control of the positioning procedure and if not how to efficiently provision the configuration data.
Observation 4: The availability of SL positioning may be affected on various levels.

Conclusions
We have summarized our view and modelling to evaluation solutions for V2X Phase 3 and discussed associated metrics, we deem relevant and valuable. We have the following proposals:
Proposal 1: To simplify simulation complexity, it is important to select only one mobility model and suggest modifications fitting different use cases and scenarios.
Proposal 2: Event-driven traffic modeling is required based on a stochastic process, e.g., Poisson. This has to consider various starting probabilities P and different file sizes. 
Proposal 3: Another periodic Traffic model needs to be considered. The initial instant of this model can start at the beginning of the simulation time; Rel. 14 traffic model can be the base-line. Another new alternative is to have a random event-triggered starting time with, additionally, a random periodic transmission and a random file-size. FFS the distribution of the period values and the file sizes.
Proposal 4: Interference to positioning signals is modeled as structured interference in the case of interference by other positioning signals, additional Gaussian noise for communication signals.
Proposal 5: New metrics for latency need to be considered including the ones stated in URLLC, plus PHY/L2 related eV2X latencies.  NR numerologies have to be taken into account.
Proposal 6: New reliability metrics need to be considered within the different defined required latencies, and other metrics that include persistent collisions and coverage SE.
Proposal 7: For timing-based approaches, the accuracy of the relative position estimate (1D) based on ranging should be evaluated.
Proposal 8: Evaluate the 2D/3D absolute error in a CDF.
Proposal 9: Physical layer latency for a single SL positioning process should be evaluated.
Proposal 10: For SL ranging, consider the latency to be the minimum signal transmission and reception time, that is needed to achieve an accuracy < X m with probability P=95%.
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