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In 3GPP TR 38.802 (v0.1.0) [1], the agreements on traffic model in system level evaluation are made for eV2X. See below Table I.
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Traffic model
	[50 messages] per 1 second with [60km/h], [10 messages] per 1 second with [15km/h] in TR38.913 
Note: This value is tentative. After SA1 input, it can be modified. 
	[50 messages] per 1 second with absolute average speed of [100-250 km/h] (relative speed: 200 – 500km/h) in TR38.913 
Note: This value is tentative. After SA1 input, it can be modified. 


Table I. Traffic model agreed in TR 38.302.
As shown above, the traffic model currently assumed in performance evaluation is only periodic. However, many V2X use cases also require non-periodic message transmission. Moreover, even if for periodic transmission, the message generation may not be totally periodic or deterministic.  Hence, in this paper, we will discuss two additional traffic models that should be considered in performance evaluation of eV2X. Besides, we will also discuss the need of different payloads/message-sizes. 
Discussions on possible traffic types of eV2X
Although periodic transmission is a typical feature of many V2X communications and has been widely assumed in V2X studies, there are indeed V2X use cases that require non-periodic message transmission. Fon example, some use cases agreed in [2], such as control loss warning, emergency stop, and pre-crash sensing warning, are more likely to be triggered by certain events. We refer to this type of traffic as event-triggered transmission.
Observation 1: Some eV2X use cases require non-periodic message transmissions that may be triggered by certain events.
Even if we consider periodic messages, their periodicities may vary over time due to their own needs and due to the congestion level of the channel. For instance, transmission rate control (TRC) has been used as an approach in ETSI to conduct decentralized congestion control (DCC) [3].  Moreover, the periodic transmissions may be paused for some time duration due to externally triggered conditions. In this case, the periodic traffic exhibits variations in its periodicity.
Observation 2: In eV2X scenarios, the so-called periodic transmissions may have time-varying periodicities. Additionally, these so-called periodic transmissions may be paused for some time duration due to externally triggered conditions.
Furthermore, even if the periodicity is supposed to be fixed for a given speed, the actual generation of a periodic message still depends on some additional conditions. We will take CAM traffic as an example to explain this point. As specified in [4] (see summary in the appendix), the CAM generation trigger conditions include the following:
1. The time elapsed since the last CAM generation is equal to or greater than a minimum value (i.e., 0.1s) and one of the following UE-dynamics related conditions is given:
a. the absolute difference between the current heading of the originating UE and the heading included in the CAM previously transmitted by the originating UE exceeds 4°;
b. the distance between the current position of the originating UE and the position included in the CAM previously transmitted by the originating UE exceeds 4 m;
c. the absolute difference between the current speed of the originating UE and the speed included in the CAM previously transmitted by the originating UE exceeds 0,5 m/s.
2. The time elapsed since the last CAM generation is equal to or greater than a maximum value (i.e., 1s).
If one of the above two conditions is satisfied, a CAM shall be generated immediately.
From these rules, it is clear that the generation of CAM messages is not deterministic and periodic from a traffic modelling perspective. The traffic exhibits both variations in the nominal periodicity and some uncertainty in the time of arrival of packets. More detailed experimental results for CAM traffic generation are given in Appendix. Moreover, when the message is sent from application layer to MAC layer, there will be disturbance induced by processing. The disturbance will further bring uncertainties of the packet arrival time.
Observation 3: In eV2X scenarios, the so-called periodic messages may not be generated in a completely deterministic and periodic manner due to some additional conditions required for triggering message generation and due to unpredictable processing times when sending messages from application layer to MAC layer.
Proposal 1: 
· For NR eV2X scenarios, in addition to the completely deterministic and periodic traffic type already assumed in system level simulation [1],  two more traffic types are considered:
· event-triggered transmission;
· approximately-periodic transmission, including the following:
· variations on the periodicity,
· uncertainty in the time of arrival of packets.

Proposed traffic models
Clearly, the models for the two types of traffic proposed above are different due to their different characteristics. Now we will discuss two associated traffic models respectively.
Event-triggered transmission
For event-triggered traffic, as in [2], we assume that event arrival follows Poisson process with the arrival rate X per second for each vehicle. Besides, once event triggered, the corresponding message will be transmitted Y times with space of Z ms. The values Y and Z depend on the latency and reliability requirements of a considered eV2X use case.
Proposal 2: 
· For event-triggered traffic in NR eV2X scenarios, event arrival follows Poisson process with the arrival rate X per second for each vehicle. Moreover, once event triggered, the corresponding message will be transmitted Y times with space of Z ms.
· FFS X, which depends on the scenario.
· FFS the values of Y and Z that should depend on the latency and reliability requirements.

Approximately-periodic transmission
One characteristic of the approximately-periodic transmission is the uncertainty in the time of packet arrivals, which is caused by the message generation rules and by the possible disturbance when sending message from application layer to MAC layer. Hence, the inter-message time Δt should be modelled as a random variable. On one hand, Gaussian distribution could be a good model for Δt.. On the other hand, however, there should also be some range constraint on Δt due to its physical interpretation. For example, when generating CAM messages, we should have . Therefore, we propose a pseudo-truncated Gaussian model for Δt as follows.
   (1)
where  is a Gaussian distributed randam variable generated by ,   and  are the expectation and standard deviation of the Gaussian distribution, and  is the range constraint on . 
According to the statistics of Gaussian distribution, see Fig. 1 below, we set  and . In this way, 99.7% data samples generated from our proposed pseudo-truncated Gaussian model in (1) will follow an exact Gaussian distribution. Moreover, considering the sources of the uncertainties of  , we let .
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Figure 1. Gaussian distribution
Another characteristic of the approximately-periodic transmission is the variation on periodicity, i.e., the time-varying values of . We define a finite set U, where each element represents a possible value of  for the considered scenario. In this way, the transition of  over time can be described as follows.
· For the first packet, assume , where  is uniformly and randomly chosen from U.
· Then, for the nth packet (n>1)
· with probability  we have  ;
· with probability  we have that  is uniformly and randomly chosen form U\{}.

Furthermore, depending on it is urban or highway scenario, the set U and the non-transition probability  will be different. We propose the following Table II for their respective values.
	Scenario
	Set U
	

	Urban
	{[100,200],500,1000} [ms]
	0.8

	Highway
	{20,50,100,150,200} [ms]
	0.9


Table II. Values of set U and 
Note that we suggest to slightly change the esisting assumption about simulating 20ms periodicity in the urban scenario. Our understanding is that such periodicity will lead to unrealistically high system load and also to very challenging simulation complexity. In our opinion it should even be discussed whether it is really reasonable to simulate also periodicities such as 100ms and 200ms in the urban scenario.
Proposal 3: 
· Use the following pseudo-truncated Gaussian distribution to model the inter-message time 

where  is a Gaussian distributed randam variable with mean µ and standard deviation 0.1µ.  
· Use the following descriptions to model the transition of  over time.
· For the first packet, assume , where  is uniformly and randomly chosen from U.
· Then, for the nth packet (n>1)
· with probability  we have  ;
· with probability  we have that  is uniformly and randomly chosen form U\{}.
· Depending on the scenario, the set U and  are given as follows.

	Scenario
	Set U
	

	Urban
	{[100,200],500,1000} [ms]
	0.8

	Highway
	{20,50,100,150,200} [ms]
	0.9


· Values in the models may be updated in the future based on requirements.

Discussion on payload
[bookmark: _Toc442466965][bookmark: _Toc442473690]Before concluding this contribution, we note that similar considerations affect the payload of messages. Note that, the current traffic model in [2] specifies that “For Periodic traffic, working assumption of message size is that one 300-byte message followed by four 190-byte messages, and the time instance of 300-byte size message generation is randomized among vehicles.” However, in NR eV2X that should support a variety of applications, varying-size messages are needed to accommodate different use cases. As such, in our opinion, different payloads/message-sizes shoule be considered in system level simulation in NR eV2X.
Observation 4: In eV2X scenarios, different payloads/message-sizes shoule be considered to accommodate different use cases.

Conclusions 
In this paper, we discuss two additional traffic models as well as we the need of different payloads/message-sizes that should be considered in system level performance evaluation for NR eV2X.
Observation 1: Some eV2X use cases require non-periodic message transmissions that may be triggered by certain events.
Observation 2: In eV2X scenarios, the so-called periodic transmissions may have time-varying periodicities. Additionally, these so-called periodic transmissions may be paused for some time duration due to externally triggered conditions.
Observation 3: In eV2X scenarios, the so-called periodic messages may not be generated in a completely deterministic and periodic manner due to some additional conditions required for triggering message generation and due to unpredictable processing times when sending messages from application layer to MAC layer.
Observation 4: In eV2X scenarios, different payloads/message-sizes shoule be considered to accommodate different use cases.
Proposal 1: 
· For NR eV2X scenarios, in addition to the completely deterministic and periodic traffic type already assumed in system level simulation [1],  two more traffic types are considered:
· event-triggered transmission;
· approximately-periodic transmission, including the following:
· variations on the periodicity,
· uncertainty in the time of arrival of packets.
Proposal 2: 
· For event-triggered traffic in NR eV2X scenarios, event arrival follows Poisson process with the arrival rate X per second for each vehicle. Moreover, once event triggered, the corresponding message will be transmitted Y times with space of Z ms.
· FFS X, which depends on the scenario.
· FFS the values of Y and Z that should depend on the latency and reliability requirements.

Proposal 3: 
· Use the following pseudo-truncated Gaussian distribution to model the inter-message time 

where  is a Gaussian distributed randam variable with mean µ and standard deviation 0.1µ.  
· Use the following descriptions to model the transition of  over time.
· For the first packet, assume , where  is uniformly and randomly chosen from U.
· Then, for the nth packet (n>1)
· with probability  we have  ;
· with probability  we have that  is uniformly and randomly chosen form U\{}.
· Depending on the scenario, the set U and  are given as follows.

	Scenario
	Set U
	

	Urban
	{[100,200],500,1000} [ms]
	0.8

	Highway
	{20,50,100,150,200} [ms]
	0.9


· Values in the models may be updated in the future based on requirements.
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Appendix: CAM traffic generation
CAM traffic generation: requirements
The rules for generating CAM traffic are specified in [4] (see page 17). These rules state the following:
· Upper and lower limits of the transmission interval (1s and 100 ms, respectively).
· Within these limits the CAM generation shall be triggered depending on the originating UE dynamics and the channel congestion status.
More specifically, the CAM generation trigger conditions include the following:
3. The time elapsed since the last CAM generation is equal to or greater than a minimum value and one of the following UE-dynamics related conditions is given:
a. the absolute difference between the current heading of the originating UE and the heading included in the CAM previously transmitted by the originating UE exceeds 4°;
b. the distance between the current position of the originating UE and the position included in the CAM previously transmitted by the originating UE exceeds 4 m;
c. the absolute difference between the current speed of the originating UE and the speed included in the CAM previously transmitted by the originating UE exceeds 0,5 m/s.
4. The time elapsed since the last CAM generation is equal to or greater than a maximum value.
If one of the above two conditions is satisfied, a CAM shall be generated immediately.
From these rules, it is clear that CAM messages generation times and sizes are not completely deterministic from a traffic modelling perspective. Nevertheless, the typical time difference between consecutive packets generation is bounded to the [0.1, 1] sec range.
[bookmark: _Toc443646280][bookmark: _Toc443650656][bookmark: _Toc443650696]Observation: According to the ETSI specification [4], CAM messages are not generated with fixed periodicity or with deterministic size patterns. Triggering conditions are influenced by external conditions.
[bookmark: _Toc443650657][bookmark: _Toc443650697]Observation: The typical time difference between consecutive packets generation is bounded to the [0.1, 1] sec range.
Observation: There isno such concept as “periodic messages” or “message frequency” for CAM message generation. It is incorrect to assume fixed message periodicity for CAM. Each CAM message generation is indeed event-triggered.

CAM traffic generation: experimental results
From the discussion in the previous section, it is clear that CAM messages are not generated in a totally periodic manner. This aspect is also confirmed by some experimental results conducted in field [5] that show how the periodicity of CAM message varies according the rules mentioned above. The paper [5] also makes a comparison between the CAM message dissemination when following the ETSI rules and a fixed transmission rate as assumed in RAN1. 
More specifically, [5] states (see pages 25-26):
“Another final aspect worth evaluating about the CAM messaging facility is the impact of using the CAM generation rules suggested by the standard specification, compared with a basic scheme generating CAM messages at a constant frequency. […] The first impression is that the number of messages when using the generation rules has been greatly diminished. This is due to a new message is sent only when a specific condition is met: either one second elapses or there is a significant change in the distance covered, the driving heading or the speed. […] Apart from the clear difference in the number of transmissions in both cases, we can appreciate how, when using the standard generation rules, more messages are sent at curves and the roundabout, due to changes in heading and speed, respectively. Stretches with less density of messages belong to periods of straight driving at constant speed. According to the log recorded at these locations, these messages have been generated due to the distance covered rule. Here there are also small
periods with a higher density of messages that belong to locations were the vehicle has to vary
the speed, due to the poor quality of the pavement and speed bumps.”
Figure below (which is taken for convenience from Figure 11b in [5]) illustrates a comparison between the a reference assumption of fixed CAM message generation rate (left side) and the actual generation rate observed in field at a speed of 30 km/h (right side). While the CAM traffic periodicity appears quite regular in the proximity of certain events (e.g. change of heading, speed) and in the long period (e.g. straight driving at constant speed), significant deviations from fixed periodicity are observed between different events. 
[image: CAM]
[bookmark: _Ref443504832][bookmark: _Ref443502529]Figure 3: Figure taken from [5] (Figure 11b).
As a consequence of the above discussion, also the total number of transmitted messages might significantly vary. Figure  below (which is taken for convenience from Figure 11a in [5]) shows the difference in terms system load between the assumption of fixed CAM message generation rate (10Hz is assumed in [5]) and the actual CAM rules.
[image: ]
[bookmark: _Ref443641748]Figure 4: Figure taken from [5] (Figure 11a).
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(b) Messages sent during a trial example using a fix generation rate (Ieft) and the generation rules (right)

Figure 11: Messages transmitied with a fix CAM generation rate and using generation rules
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