[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #82					  	R1-154289
Beijing, China, 24th - 28th August 2015
______________________________________________________________________Agenda item: 7.2.8.1.2
Source: LG Electronics
Title: Discussion on traffic models and performance metric
Document for: Discussion and Decision
1. Introduction
A new study item for LTE-based V2X was approved in [1], and the feasibility and necessary enhancements are to be studied for LTE-based V2V, V2I/N, and V2P. This contribution discusses the traffic models and performance metrics for the evaluations of LTE-based V2X services.

2. Discussions 
2.1. Traffic model 
SA1 defined use cases where V2X messages are periodically generated or the message generation is triggered by an event. 
For modeling the periodic message for V2V service, the following “message size” and “periodicity” can be considered.
· “Message size” and “periodicity” of the periodic message for V2V
· According to Forward Collision Warning (FCW) use case in Section 5.1 in [2], typically 50 – 300 Byte messages (excluding the security overhead) are generated at the frequency of 10 Hz, which is translated to 4 – 24 kbps per vehicle. Considering the typical message size of FCW and the current situation that there is no conclusion on security overhead, the maximum message size of FCW (i.e., 300 Byte) can be defined as the message size of the periodic message for V2V.
· The maximum latency requirement of FCW (i.e., 100 ms) can be also defined as the periodicity of the periodic message for V2V.
For modeling the event-triggered message for V2V service, the following “message size” and “per user message inter-arrival time” can be considered.
· “Message size” and “per user message inter-arrival time” of the event-triggered message for V2V” 
· For V2V	Emergency Stop use case in Section 5.4 in [2], typically 400 Byte messages (excluding the security overhead) are generated at the frequency of 10 Hz, which is translated to 32 kbps per vehicle. Considering the current situation that there is no conclusion on security overhead, the typical message size of V2V Emergency Stop (i.e., 400 Byte) can be defined as the message size of the event-triggered message for V2V.
· A Poisson process can be considered for the arrival of the event for each vehicle. Once triggered, it can be assumed that messages are generated with the period of 100 ms for some time duration (e.g., during the ample response time in [2]).
For modeling the periodic message for V2I/N service, the following “periodicity” can be considered. Here, the message size of V2I/N service can be defined as the same value of the periodic message for V2V service.
· “Periodicity” of the periodic message for V2I/N
· According to V2I/V2N Traffic Flow Optimisation use case in Section 5.15 in [2], typically 50 – 300 Byte messages (excluding the security overhead) are generated at the frequency ranges from 0.1 Hz to 1 Hz, which is translated from ‘0.004 – 0.24 kbps’ to ‘0.04 –2.4 kbps’ per vehicle. So, the periodicity of periodic message for V2I/N can be defined as ‘the maximum frequency of 1 message per second’ and ‘the minimum frequency of 1 message per 10 seconds’. 
For modeling the periodic message for V2P service, the following “periodicity” can be considered. Here, the message size of V2P service can be defined as the same value of the periodic message for V2V service.
· “Periodicity” of the periodic message for V2P
· For the periodicity of message transmitted from vehicles to pedestrians, it can be defined as the same value of the periodic message for V2V service.
· According to Vulnerable Road User (VRU) Safety use case in Section 5.18 in [2], typically 50 – 300 Byte messages (excluding the security overhead) are generated at the frequency of 1 Hz, and the per-vehicle traffic rate becomes 0.04 – 2.4 kbps. So, for the periodicity of message transmitted from pedestrians to vehicles, it can be defined as ‘a maximum frequency of 1 V2X message per second’.

In Rel-12 D2D WI, for evaluating D2D and WAN co-existence, the predefined number of UEs per cell is randomly selected to have WAN traffic according to FTP2 model, from the total number of UEs per cell participating in D2D. So, in addition to V2X traffic, if it is necessary to define WAN traffic, the same principle can be applied. To be specific, the predefined number of vehicles in the system is randomly selected to have both WAN and V2X traffic. Here, the same WAN traffic modeling as in Rel-12 D2D can be reused.

2.2. Performance metric
Performance metric for V2X should consider the effective range, the latency, and the reliability, and the values in Annex of [2] can be the reference. This means that UEs not within the effective range of the transmitter do not need to receive the message and should not be considered in defining the performance metric. Also, it means that any V2X message should be considered as lost if it is received after the maximum tolerable latency. The “reliability” in Annex of [2] means the reliability of each single message out of a series of messages generated with a relatively short period. As a result, even though the per-message reliability is 90 %, the application can utilize message transmissions over multiple periods and the service-level reliability can be much higher, e.g., 99.99% when 400 ms window is used with 100 ms message period. 
The “ratio of successful links” described below can be considered as one performance metric for V2V service. Here, a link means communication connection between a TX UE and a RX UE, and multiple messages are delivered via one link.
· “Ratio of successful links”
· A link is successful if it meets the requirements on the latency (e.g., 100 ms) and the reliability (e.g., 90 % per-message reception ratio under 100 ms message generation period).
· Count the portion of the successful links out of all the links within the coverage requirement (e.g., 100 m) for each transmitter.
· CDF as well as mean, median, 5% and 95% values can be used.
We note that this metric requires enough samples for each link to decide whether the link is successful or not. Thus, it is more relevant to the static simulation where the large scale channel does not change in each link.
Figure 1 shows an example where the performance metric of “ratio of successful links” is applied. Here, it is assumed that from the perspective of transmitter (i.e., vehicle marked with red), there exist 16 vehicles within the coverage requirement of ‘100 m’. Since only 13 vehicles (i.e., vehicle marked with blue) have the successful link with the transmitter (e.g., the message loss probability is less than 10%), the portion of the successful links out of all the links is about ‘0.81’ for the specific transmitter. 


Figure 1. An example where the performance metric of “ratio of successful links” is applied

In the dynamic simulation where each vehicle continuously updates its location, the performance metric needs to be defined per message, not per link. Thus, as another performance metric for V2V service, the “message success probability” described below can be considered. 
·  “Message success probability”
· Define the set of target RX UEs that are within the range of [target range-Δ, target range+Δ] for each message transmission where Δ is the predefined offset.
· Calculate the ratio of UEs successfully receive the message out of the target RX UEs.
· It is difficult to have the CDF as this is a per-message metric. The average value or the probability that the metric is below the reliability requirement can be used.

Figure 2 shows an example where the performance metric of “message success probability” is applied. Here, the same distribution of vehicles as in Figure 1 is assumed. It is also assumed that the values of target range and Δ are set to ‘100 m’ and ‘5 m’ respectively. Since there are only 7 vehicles (i.e., vehicle marked with blue) which successfully receive the message from the transmitter (i.e., vehicle marked with red) within [95 m, 105 m], the “message success probability” is about ‘0.58’.


Figure 2. An example where the performance metric of “message success probability” is applied

Furthermore, for V2I/N service, other performance metrics such as “signaling overhead”, “communication interruption”, etc., can be considered.  For V2P service, the performance metric of “battery consumption” can be considered. Here, the same modeling of “battery consumption” defined in Rel-12 D2D can be reused.

3. Conclusion
This contribution discussed traffic model and performance metric focusing on V2V services. The following was proposed for the baseline for V2V:
· Periodic traffic model: 300 byte message is generated with the period of 100 ms.
· Performance metric: Ratio of successful links or message success probability
This contribution also briefly discussed assumptions for V2I/N and V2P services.
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