
3GPP TSG RAN WG1 Meeting #84bis

R1-162815
Busan, South Korea, 11th - 15th April 2016
Source: 
Ericsson

Title:
Observations on CAM Message Periodicity and Payload
Agenda Item:
7.3.2.2

Document for:
Discussion
1 Introduction

A group of simulation assumptions was agreed by companies in RAN1#82 and captured in TR 36.885 [1]. These simulation assumptions include two models for periodic and aperiodic traffic. These were chosen as models for CAM and DENM traffic, respectively. For periodic CAM traffic, two periodicities were defined: 100 ms and 500 ms. Owing to security considerations, the model also specifies variable message sizes: a 300-byte message is followed by four 190-byte messages.

In this contribution, we discuss the accuracy of the assumptions on the period and the payload of messages. In particular, in this investigation, we refer to the ETSI specification [2] which defines the CAM dissemination mechanisms and to an experimental evaluation conducted in real-world environment [3]. In the appendix we show that similar considerations apply to the Basic Safety Message (BSM) defined by the Society of Automotive Engineers (SAE).
2 CAM traffic generation: requirements
The rules for generating CAM traffic are specified in [2] (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:

1. 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.

2. 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.
Observation 1 According to the ETSI specification [2], CAM messages are not generated with fixed periodicity or with deterministic size patterns. Triggering conditions are influenced by external conditions.
Observation 2 The typical time difference between consecutive packets generation is bounded to the [0.1, 1] sec range.

Observation 3 There is no 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.

3 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 [3] that show how the periodicity of CAM message varies according the rules mentioned above. The paper [3] 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, [3] 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 1 below (which is taken for convenience from Figure 11b in [3]) 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. 
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Figure 11: Messages transmitied with a fix CAM generation rate and using generation rules




Figure 1: Figure taken from [3] (Figure 11b).

As a consequence of the above discussion, also the total number of transmitted messages might significantly vary. Figure 2 below (which is taken for convenience from Figure 11a in [3]) shows the difference in terms system load between the assumption of fixed CAM message generation rate (10Hz is assumed in [3]) and the actual CAM rules.
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Figure 2: Figure taken from [3] (Figure 11a).

In our understanding, these results corroborate that CAM messages are generated in a way that is not totally periodic. 

Observation 4 Experimental evaluation in [3] confirms that CAM message generation is a semi-periodic type of traffic which is characterized by occasional periodicity deviations between different events. 

3.1 Discussion on payload
Before concluding this contribution, we note that similar considerations affect the payload of CAM messages. More specifically, the current traffic model in [1] 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.”

The motivation for having this varying-size message is to accommodate different security certificates (e.g., full certificates and certificate digests). In response to an LS from RAN1 [6], RAN2 asked SA3 to provide detailed requirements on overhead associated with security certificates [4]. Until SA3 provides an answer [5], RAN1 and RAN2 will use the above assumptions on packet size.

In our opinion, deviations from the nominal CAM generation rate may induce some deviations in the pattern of payloads. For example, if messages are generated at a rate of 5 Hz rather than 10 Hz, then it may be necessary to include the full certificate every 2-3 packets (i.e., around 500 ms) rather than every 5 packets (which would correspond to 1s). 
Observation 5 The observed CAM generation rate may also induce some deviations in the pattern of payloads.
4 Way Forward for Consideration in the V2X SID and V2V WID

In our opinion, deviations from the nominal CAM generation rate and payload are significant and should not be neglected in future V2V and V2X discussions in 3GPP. 
On the other hand we see the benefits of the traffic models currently considered in the V2X TR [1] from a simulation complexity perspective and we believe that it is reasonable to keep using such models in the continuation of the 3GPP work. 

We believe that each company can consider whether their proposals are efficient even with the real CAM traffic model referenced by this contribution; however we do not see the need to reopen discussion on simulation assumptions.
Observation 6 Each company can consider whether their proposals are efficient even with the real CAM traffic model referenced by this contribution, 
Observation 7 We do not see the need to reopen discussion on simulation assumptions for V2V/V2X.
5 Conclusion

In this contribution we have discussed the characteristics of CAM and BSM traffic. In our opinion CAM and BSM traffic has some deviations from the regular pattern assumed so far, both in terms of periodicity and payload. Although we believe that the CAM traffic is approximately periodic for relatively long intervals or in proximity of certain events, we think that it is necessary to take into account the possible deviations when designing the LTE V2X framework.

In this paper, we made the following observations:
· According to the ETSI specification [2], CAM messages are not generated with fixed periodicity or with deterministic size patterns. Triggering conditions are influenced by external conditions.

· The typical time difference between consecutive packets generation is bounded to the [0.1, 1] sec range.

· There is no 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.
· Experimental evaluation in [3] confirms that CAM message generation is a semi-periodic type of traffic which is characterized by occasional periodicity deviations between different events. 
· The observed CAM generation rate may also induce some deviations in the pattern of payloads.
· Each company can consider whether their proposals are efficient even with the real CAM traffic model referenced by this contribution, 
· We do not see the need to reopen discussion on simulation assumptions for V2V/V2X.
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Appendix: Basic Safety Message (BSM) traffic generation: requirements

Similar to CAM in the ETSI ITS systems, BSM is used in the U.S. DSRC systems in a variety of applications to exchange safety data regarding vehicle state. The rules for generating BSM traffic are specified in SAE J2945/1 standard [7] (see section 6.3.3). The rules state the following:

· The System shall generate BSMs for transmission that do not include Critical Event Flags at a default message interval of 100ms +/- 10ms, unless the congestion control procedures require a different message interval between messages. The default interval (100ms) and tolerance (10ms) of the generation timing is tested without any additional transmissions on the DSRC medium from the same or other Systems. 

· Generation of BSMs shall have a random start time.

· The System shall vary each scheduled BSM generation by adding a uniformly distributed random value between -5ms and +5ms to each scheduled generation time, uniquely computed for every BSM. 

· The System shall be capable of adjusting BSM transmission interval from 0.1s to 1s as determined by the congestion control procedures.

The congestion control procedures affecting the BSM generation are specified in section 6.3.8 of [7]. The congestion control procedures adjusts the BSM transmission interval according to 

· The vehicle dynamics, which is calculated as the tracking error between where the host vehicle  estimates its current location is and where the host vehicle estimates remote vehicles think the host vehicle is located at the current time. (See section 6.3.8.2 of [7]).

· The calculated vehicle density in range, as shown in section 6.3.8.4 of [7] 

Observation
According to the SAE standard [7], BSM messages are not generated with fixed periodicity. Triggering conditions are influenced by external conditions through the congestion control procedures.

Observation
The System shall be capable of adjusting BSM transmission interval from 0.1s to 1s as determined by the congestion control procedures.

