
3GPP TSG RAN WG1 Meeting #82


R1-154492
Beijing, China, 24th - 28th August 2015
Agenda Item:

7.2.8.1.2
Source:



General Motors
Title:




V2X Traffic models and performance metric 
Document for:

Discussion and Decision
1. Introduction
In last RAN Plenary meeting #68, the Study Item “FS_LTE_V2X” has been approved for Rel-13 [1].The SID will include the following evaluation steps:
1. To define the evaluation methodology for LTE-based V2X services.
2. Deployment scenarios, considering the above operating scenarios

3. Modelling of vehicle density and mobility 

4. Traffic models and performance metric

This document considers V2X vehicle density, traffic models and performance metrics.
2. Discussions
V2X communication is normally been used in the car industry for safety (including notification), and non-safety applications, where non-safety application is mainly for infotainment. This study item should consider first the active safety applications and then the non-safety applications. 
The active safety system requires considering the following services:

1. V2V – Vehicle-to-Vehicle communication. This communication can be directly (P2P/D2D) or via the  eNB(e.g. Unicast and MBMS).

2. V2I – Vehicle-to-Infrastructure. Communication to road-side unit (RSU).

3.  V2P – Vehicle-to-Pedestrian. The term pedestrian describes all the “low speed” vulnerable road users, e.g. pedestrians, bickers, motorcyclists, rollerblades, etc.

4. V2N – Vehicle-to-Network. Communication of vehicle to or from the network. This term should be more clarified especially the difference/coexistence between V2N and V2I.

3. Vehicle Density and Modelling
We propose to focus our modelling and vehicle density based on high-level parameters agreed in the last SA1 meeting (S1-152616) shown in Table 2. This table defines the BLER without retransmission and with retransmissions for each case. The application layer latency is limited at the maximum to 100ms.
	
	Effective range *
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum radio layer message reception reliability (probability that the recipient gets it within 100ms)
	Example Cumulative transmission reliability***

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%
	99%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%
	96%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%
	96%

	#4 (NLOS / urban)
	150m
	50kmph
	100kmph
	100ms
	90%
	99%

	#5 (urban intersection **)
	50m
	50kmph
	100kmph
	100ms
	95%
	-

	#6 (campus/shopping area)
	50m
	30kmph
	30kmph
	100ms
	90%
	99%


Table 1: SA1 parameters for V2X
According to Table 1, maximum speed was addressed for each scenario. Since the speed dictates the number of vehicles in given area, it is proposed to consider several level of speed according to the scenario. We propose to focus on the following scenarios:
Model 1: Highway and Autobahn

·  Maximum 6 lanes (3 lanes for each direction)

· Maximum Relative speed 280 km/h

· Maximum Absolute speed 280 km/h

· Range 1000 m

·  Traffic dense for 1000 m for vehicle per second: 
· Low traffic dense (high speed above 100 km/h) -   up to 250 vehicles.
· Medium traffic dense (medium speed 50 km/h) – up to 500 vehicles.
· Traffic jam – 1000 vehicles.
Model 2: Suburb/Urban/Urban NLOS
· Maximum 4 lanes (2 for each direction)

· Maximum Relative speed 200 km/h

· Maximum Absolute speed 100 km/h

· Range 1000m

·  Traffic dense for 1000m:

· Low traffic dense (high speed 100 km/h) -   up to 150 vehicles per 1000m.

· Medium traffic dense (medium speed up to 50 km/h) – up to 300 vehicles per 1000m.

· Traffic jam – 600 vehicles per 1000m.
Model 3: Urban Intersection 
· Maximum 4 lanes horizontal and 4 lanes vertical (2 for each direction)

· Maximum Relative speed 100km/h

· Maximum Absolute speed 50km/h

· Range 300m (150 m for each direction)

·  Traffic dense:

· Regular traffic dense -   up to 25 vehicles per lane (total in the junction area 100 vehicles).
· Traffic jam – 200 vehicles in the junction area.
Model 4: Campus Shopping Area

· Single lane.

· Maximum Relative speed 30km/h

· Maximum Absolute speed 30km/h

· Range 300m

·  Traffic dense:

· Regular traffic dense -   25 vehicles per 300 m.
· Traffic jam – 50 vehicles per 300 m.
Proposal 1: Considering four types of traffic models: (i): Highway and Autobahn with vehicle density of 250, 500 and 100 per 1000 m, (ii) Suburb/Urban/Urban NLOS with vehicle density of 150, 300 and 600 per 1000 m, (iii) Cross-intersection with vehicle density of 100 and 200 vehicles (iv) Campus Shopping area with vehicle density of 25 and 50 per 300 m.
4. Traffic Model
The traffic model consists of two types of messages:
· The periodic messages which transmitted at most every 100 ms
· The urgent event notification messages. 
The maximum packet should be 200 bytes without security, signature and digest. 

The periodic messages can potentially consume the LTE resources, in this study we need to identify how to control the messages periodicity, based on LTE available resources for dedicated bands and for shared with LTE services.

Proposal 2: Two types of messages, Periodic messages (at most once every 100 ms) and urgent event notification messages. Investigating efficient mechanism to determine periodicity of the periodic messages. 
5. Performance Metric and Simulations
The simulations should prioritized as follows:

1 V2V services via D2D. 

2. V2V services via Uu (MBMS and Unicast).

3. V2P, V2I/N services for D2D and Uu.
Proposal 3: Simulation prioritization: (i) V2V services via D2D, (ii) V2V services via Uu (MBMS and Unicast), (iii) V2P, V2I/N services for D2D and Uu.
The simulation settings are:
· V2X dedicated band and shared bands with other LTE services.


· Vehicle density and mobility as discussed above. In addition, for the shared (with other LTE services) band scenario, regular low mobility (up to 3km/h) UEs needed to be considered (these UEs are not part of V2P). The number of UEs for 1000m should be 100.
· UEs with different buffer load.
The performance metrics are:

· Failed Packet Ratio per distance – the ratio of packets which have not arrived per distance. 

· Packet Delivery Time (for single event messages) – CDF or 10%, 50% and 90% delivery time.

· Arriving Time distribution (for periodic messages) - CDF or 10%, 50% and 90% arriving time.

· V2X occupancy (for shared services) – the ratio between the resources allocated to V2X services and the cell(s) resources.

· UEs CDF throughput (for shared services) - where the baseline system is for no V2X services.
Proposal 4: Performance metrics: Failed Packet Ratio per distance,
Packet Delivery Time (for single event messages), 
Arriving Time distribution (for periodic messages), V2X occupancy (for shared services), 
UEs CDF throughput (for shared services).
6. Conclusion
In this documents V2X deployment scenarios were disused. Summary of the proposals:
Proposal 1: Considering four types of traffic models: (i) : Highway and Autobahn with vehicle density of 250, 500 and 100 per 1000 m, (ii) Suburb/Urban/Urban NLOS with vehicle density of 150, 300 and 600 per 1000 m, (iii) Cross-intersection with vehicle density of 100 and 200 vehicles (iv) /Campus Shopping area with vehicle density of 25 and 50 per 300 m.
Proposal 2: Two types of messages, Periodic messages (at most once every 100 ms) and urgent event notification messages. Investigating efficient mechanism to determine periodicity of the periodic messages. 
Proposal 3: Simulation prioritizations: (i) V2V services via D2D, (ii) V2V services via Uu (MBMS and Unicast), (iii) V2P, V2I/N services for D2D and Uu.
Proposal 4: Performance metrics: Failed Packet Ratio per distance,
Packet Delivery Time (for single event messages), 
Arriving Time distribution (for periodic messages), V2X occupancy (for shared services), 
UEs CDF throughput (for shared services).
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