
3GPP TSG RAN WG1 Meeting #84
R1-160736
St Julian’s, Malta, 15th – 19th February 2016
Agenda Item:
7.3.3.2.2
Source:
Huawei, HiSilicon

Title:
Consideration on RSU support for V2I

Document for:
Discussion and decision

1 Introduction

In RAN1#83, an LS was sent from RAN1 to SA1 and RAN2 to clarify RSU-related concepts [1]. In particular, 
· RAN1 asks SA1 to confirm this assumption and provide the details of definition and the services of the RSU and their associated service requirements. 
· RAN1 asks RAN2 to provide information on scenarios agreed for feasibility study of RSU. This will help RAN1 make progress.
This contribution discusses some considerations on RSU. We start by discussing the use cases and associated service requirements envisioned for RSU, based on which the key RSU functionalities are identified. We then analyze potential enhancements needed to enable these functionalities. 
2 RSU Use Cases, Service Requirements, and Key Functionalities
2.1 RSU Definition
In SA1#73 meeting, the RSU definition in [2] was agreed to be captured into V2X TS 22.885 as below:

	Road Side Unit: A stationary infrastructure entity supporting V2X applications that can exchange messages with other entities supporting V2X applications. 

Note: RSU is a term frequently used in existing ITS specifications, and the reason for introducing the term in the 3GPP specifications is to make the documents easier to read for the ITS industry. RSU is a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). 


2.2 RSU-Related Use Cases, Service Requirements, and Key Functionalities
The consolidated potential requirements identified in SA1 TR that involves RSU are summarized in the table below.
Table 1. Service Requirements and Use Cases Involving RSU
	No
	Consolidated Potential Requirements
	Corresponding Use Cases
	Requirement Category

	1
	[CPR-005]
The E-UTRAN shall be capable of supporting a communication range sufficient to give the driver(s) ample response time (e.g. 4 seconds) even when an RSU is involved.
	① ② ③ ④ ⑤ ⑦ ⑧
	Communication range 

	2
	[CPR-011]
The E-UTRA(N) shall be able to support a maximum frequency of 10 V2X messages per second per V2X entity (e.g., UE and RSU). 
	① ③
	Transmission frequency 

	3
	[CPR-014]
The E-UTRA(N) shall be capable of transferring V2X messages between two UEs supporting V2V/P Service, directly or via an RSU, with a maximum latency of 100ms. 
	③
	Communication latency (V2V via RSU) 

	4
	[CPR-016]
The E-UTRA(N) shall be capable of transferring V2X messages between a UE supporting V2I Service and an RSU with a maximum latency of 100ms. 
	① ② ④ ⑤ ⑦ 
	Communication latency (between UE and RSU) 

	5
	[CPR-017]
The E-UTRAN shall be capable of transferring V2X messages via 3GPP network entities between a UE and an application server both supporting V2N Service with an end-to-end delay no longer than 1000 ms.
	⑥
	Communication latency (V2N)

	6
	[CPR-022]
A UE using V2I application shall be able to receive a V2X message from an RSU, even when the RSU implemented as a UE is out of coverage or when the RSU implemented as an eNB is operating as an isolated eNB.
	① ② ③ ④ ⑤ ⑦ ⑧
	Message reception for both in-coverage and out-of-coverage (UE reception)

	7
	[CPR-024]
An RSU shall be able to transmit V2X messages to a UE supporting V2X Service, if requested by the V2X Service layer.
	① ② ③ ④ ⑤ ⑦ ⑧
	Message transmission of RSU
(RSU transmission) 

	8
	[CPR-025]
An RSU shall be able to deliver V2X messages to an application server and/or to other RSUs, if requested by the V2X Service layer.
	⑤
	Message transfer between RSUs and between a RSU and a server

	9
	[CPR-031]
The E-UTRAN shall be capable of transferring V2X messages between UE supporting V2V and/or V2P Service and between UEs and RSU supporting V2V and/or V2I Service with a maximum absolute velocity of 160 km/h. 
	① ② ③ ④ 
	Velocity


Note: 
1 V2I Emergency Stop Use Case (Section 5.6 in SA1 TR [2])

2 Queue Warning (Section 5.7 in SA1 TR [2]) 

3 Road safety services  (Section 5.8 in SA1 TR [2])
4 Automated Parking System (Section 5.9 in SA1 TR [2])
5 V2X Road safety service via infrastructure (Section 5.14 in SA1 TR [2])
6 V2N Traffic Flow Optimisation (Section 5.15 in SA1 TR [2])

7 Curve Speed Warning (Section 5.16 in SA1 TR [2])

8 Intersection safety for pedestrian via vehicle to infrastructure communication (Annex E in SA1 TR [2])

Observation 1: The use cases and service requirements summarized in Table 1 are useful to identify functionalities of RSU.
2.3 Key Functionalities of RSU
In line with RAN1 email discussion [3], it is proposed to consider the baseline operating scenario that eNB-type RSU supports Uu air interface, while UE-type RSU supports PC5 air interface.
Proposal 1: A baseline operating scenario is that eNB-type RSU supports Uu air interface while UE-type RSU supports PC5 air interface.
2.3.1 Infrastructure-to-Vehicle (I2V) and Vehicle-to-Infrastructure (V2I) 

A major functionality of RSU is to broadcast traffic-related information (e.g., speed limits) to vehicles within coverage. This scenario is described in the “Curve Speed Warning” use case in SA1 TR [2], summarized below:
Table 2. I2V Broadcasting of Speed Limits

	Use Case
	Path 
	Information Source
	Latency 
	Traffic Characteristics 

	I2V broadcasting of speed limits information
	I2V
	Local App Server 
	< 100ms 
	Always-on, stable 

Size: 300 bytes

Frequency: 10Hz 


Another functionality of RSU is to receive and interpret awareness messages (e.g. CAM or BSM) from vehicles within coverage, and generate warning message when necessary. This use case is explicitly described in the “Intersection safety for pedestrian via vehicle to infrastructure communication” use case in SA1 TR [2] as below: 
“The RSU receives awareness messages from vehicle UEs and performs risk assessment to identify potential collision risks between VRUs and vehicles and sends warnings to the vehicle drivers via the vehicle UE”
Some detailed analyses are summarized in the table below:

Table 3. V2I/I2V RSU-Assisted Collision Risk Warning

	Use Case
	Path
	Information Source
	Latency 
	Traffic Characteristics 

	RSU-assisted collision risk warning
	V2I (awareness messages from vehicle to RSU)
	Vehicle broadcasting
	< 100ms 
	Always-on, stable 

Size: 300 bytes + 190 bytes
Frequency: 10Hz

	
	I2V (warning messages from RSU to vehicles)
	Local App Server
	< 100ms
	Event-triggered, occasional 

Size: can have very large size up to 1200 bytes 

Frequency: 10Hz


Basically, V2I traffic model is the same with that of V2V. In other words, a single message is generated at a vehicle, which is expected to be received both by vehicles nearby (V2V) and by a RSU in the vicinity if available (V2I). 

Observation 2: V2I/I2V traffic model 1 is aligned with the V2I/I2V use cases considered in SA1.

In addition, we note that in both scenarios discussed above, the information content is more relevant for vehicles in a local area. For example, speed limit information is more relevant for vehicles approaching a curve road. Similarly, collision risk warnings are more relevant for vehicles moving close to the target event locations. Due to the safety nature of the message content, communication latency as low as 100 ms is generally expected. 

Observation 3: I2V messages for broadcasting (e.g., speed limits or safety warnings) are generated locally, target recipients within short range, and need to be delivered with short latency. 
Both eNB-type RSU and UE-type RSU are relevant for I2V/V2I communications. It is understood that eNB-type RSU will normally require a continuous power supply for operation. For UE-type RSU, power supply will not be an issue when deployed at urban intersections (e.g., can reuse power supply for traffic lights). Nevertheless, when UE-type RSU is deployed at locations where power supply is not accessible, power consumption needs to be considered. 
Observation 4: Power consumption for UE-type RSU needs to be considered when it is deployed at places where power supply is not accessible.
2.3.2 Network-to-Vehicle (N2V) and Vehicle-to-Infrastructure (V2N) 

SA1 also considered use cases where information from a remote V2X application server is delivered via Uu transport to vehicles, known as N2V/V2N communications. Uu unicast is typically assumed for the uplink while Uu broadcast/unicast is considered for the downlink. Therefore, only eNB-type RSU is relevant for N2V/V2N communications.

Observation 5: Only eNB-type RSU is relevant for N2V/V2N communications.

The corresponding use cases in SA1 TR are “V2N Traffic Flow Optimisation” and “V2X Road safety service via infrastructure”. 

Table 4. V2N/N2V of Traffic and Road Conditions

	Use Case
	Path
	Information Source
	Latency 
	Traffic Characteristics 

	V2N/N2V of traffic and road conditions (e.g., road hazards or traffic jam) 
	V2N 
	Vehicle Uu unicast 
	< 500ms 
	Size: 50-300 bytes, up to 1200 bytes

Frequency:  0.1Hz to 1Hz

	
	N2V
	Remote Server
	< 500ms
	Size: 50-300 bytes, up to 1200 bytes

Frequency:  0.1Hz to 1Hz 


Observation 6: V2I/I2V traffic model 2 is aligned with the V2N/N2V use cases considered in SA1.

In contrast to I2V messages, which are generated and distributed locally, N2V messages are normally pushed from a remote application server to an eNB/eNB-type RSU and target recipients for long distances beyond ProSe. This has been explicitly captured in the “V2N Traffic Flow Optimisation” use case, quoted below:
“To enable this information about vehicles approaching traffic lights has to be made available well in advance i.e. in most cases beyond ProSe range. When coming in ProSe range communication might be switched from network to direct communication, if deemed useful.

Compared to V2V communication within ProSe range the delay and latency requirements are more relaxed due to the longer distances and the non-safety related nature of this use case.” 

Observation 7: N2V messages (e.g., traffic condition) are pushed from a remote application server, target recipients beyond ProSe range, and can be delivered with relaxed latency compared with I2V. 

2.3.3 Vehicle-to-Vehicle (V2V) Communications via RSU

Another functionality identified for RSU is the capability to deliver warning messages originating from vehicles to long distances. This is in particular relevant for certain type of event-triggered messages (e.g., DENM [4]) that could convey information regarding traffic safety and/or efficiency, such as roadwork and hazardous road locations (e.g., surface holes, obstacles, black ice). While this type of information needs to be made available for vehicles in proximity, they are also important to vehicles approaching from longer distances for route optimization and safety alerts.  

The “Road safety services” use case described in SA1 TR [2] serves as one example, where some warning messages originating from vehicles are delivered via eNB-type RSU to others vehicles in the same cell. This is considered important in particular for highway scenario with large inter-site distances, when it is difficult to achieve information delivery over long distance with ProSe.

Thus, an eNB-type RSU is considered more suitable to support V2X Services that target recipients beyond ProSe range.

Observation 8: An eNB/eNB-type RSU is considered more suitable to support V2X Services that target recipients beyond ProSe range.
2.4 RSU Concept In-a-nutshell
Based on the key discussions above, as well as the agreed WF from RAN3 email discussion [5] the following high-level observations are made for RSU:

Observation 9: A distinguishing feature of RSU is the capability to interpret and process V2X messages, via the addition of a V2X application layer. 

Observation 10: RSU is not considered as a new logical entity and will not create new logical interfaces.
3 Conclusion

In this contribution, we discussed RSU-related concepts, covering definition, use cases, service requirements. Based on these discussions, we identified a list of key functionalities and potential enhancements of RSU. Proposals and observations are summarized below.
Proposal 1: A baseline operating scenario is that eNB-type RSU supports Uu air interface while UE-type RSU supports PC5 air interface.
Observation 1: The use cases and service requirements summarized in Table 1 are useful to identify functionalities of RSU.

Observation 2: V2I/I2V traffic model 1 is aligned with the V2I/I2V use cases considered in SA1.

Observation 3: I2V messages for broadcasting (e.g., speed limits or safety warnings) are generated locally, target recipients within short range, and need to be delivered with short latency. 

Observation 4: Power consumption for UE-type RSU needs to be considered when it is deployed at places where power supply is not accessible.
Observation 5: Only eNB-type RSU is relevant for N2V/V2N communications.
Observation 6: V2I/I2V traffic model 2 is aligned with the V2N/N2V use cases considered in SA1.
Observation 7: N2V messages (e.g., traffic condition) are pushed from a remote application server, target recipients beyond ProSe range, and can be delivered with relaxed latency compared with I2V. 

Observation 8: An eNB/eNB-type RSU is considered more suitable to support V2X Services that target recipients beyond ProSe range.
Observation 9: A distinguishing feature of RSU is the capability to interpret and process V2X messages, via the addition of a V2X application layer. 

Observation 10: RSU is not considered as a new logical entity and will not create new logical interfaces.
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Appendix
System performance of UE-type RSU is evaluated in this section. Detailed simulation settings are listed in Table 5. Figure 1 shows the performance of UE-type RSU. It shows that the performance of I2V is better than that of V2I in different scenarios. In the notation “X2Y”, “Y” is the receiver. When two vehicles approach an intersection from perpendicular streets and use the same resource, their signals will interfere with each other at receiver ‘I’, therefore degrading performance. If another ‘V’ in perpendicular street and ‘I’ at the intersection use the same resource, their signals will interfere with each other at receiver ‘V’. Since ‘I’ is at intersection, the channel from ‘I’ to receiver ‘V’ is LOS while the other transmitter ‘V’ to the receiver ‘V’ is NLOS. Thus, the interference of ‘V’ to ‘I’ is very small, which explains the reason why the performance of I2V is much better than V2I. These phenomena are illustrated graphically in Figure 2.
We note also from simulation results that the performance of both V2I and I2V are better than V2V [6] in the same scenario. That is because the path between ‘V’ and ‘I’ is almost always LOS, while the path between ‘V’ and ‘V’ can be both LOS and NLOS depending on vehicle positions. Furthermore, it is worth noting that the enhancement schemes for V2V, such as randomization [8], variable transmission numbers [7], etc., can also be applied for V2I and I2V to further enhance their performances, respectively.
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Figure 1. Performance of UE-type RSU
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Figure 2. Illustration of V2I/I2V propagation path at an intersection
Table 5. Parameter setting for evaluation
	Parameter
	Assumptions

	RSU type
	UE-type RSU

	Carrier frequency
	6GHz

	Bandwidth
	10MHz

	Transmission mode
	Mode 2

	Traffic model
	Traffic model 1

	RSU height
	5m

	Scenarios
	Urban 60km/h; 

Urban 15km/h 10Hz; 

Urban 15km/h 2Hz


