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1.  Introduction
A.  As described in TS 22.185, V2X applications contain the following four types of messages:

· Vehicle-to-Vehicle (V2V)
V2V applications on the UEs expect to exchange V2V application information with V2V applications on other UEs that are in proximity. V2V messages contain V2V application information e.g. location, dynamics and attributes. 3GPP transport of V2V messages is predominantly broadcast-based. Such 3GPP transport includes the transport between UEs directly and/or due to the limited direct communication range, the transport between UEs via infrastructure supporting V2X communication e.g. RSU, application server etc.
· Vehicle-to-Pedestrian (V2P)
V2P applications expect UEs that are in proximity of each other to exchange V2P application information. 3GPP transport of V2P messages includes the transport between UEs directly and/or due to the limited direct communication range, the transport between UEs via infrastructure supporting V2X communication, e.g. RSU, application server etc.
· Vehicle-to-Infrastructure (V2I)
The UE supporting V2I applications transmits messages containing V2I application information to an RSU. The RSU transmits V2I messages to one or more UEs supporting V2I applications.
· Vehicle-to-Network (N2N)
The UE supporting V2N applications communicates with an application server supporting V2N applications. Both parties communicate with each other via EPS.

Observation 1:

1.  From the characteristics of V2V/V2P type V2X messages it is observed as follows:
· V2V/V2P messages are exchanged between UEs that are in proximity of each other.
· 3GPP transport of V2V/V2P messages is predominantly broadcast-based.

· 3GPP transport of V2V/V2P messages can be between UEs directly, and/or

· Due to the limited direct communication range, the transport between UEs can  be via RSU, Application Server etc.
2.  V2I/V2N message communication is via an RSU. The RSU transmits such messages to one or more UEs that support such V2I/V2N applications.
B.  TS 22.185 specifies the requirements for the 3GPP transport of V2X messages. Some requirements that are pertinent to the discussions here are reproduced below:

1. Service Specific Requirements:

[R-5.1-003]
A UE supporting V2X application shall be able to transmit and receive messages when served or not served by E-UTRAN supporting V2X communication.

[R-5.1-004]
An RSU shall be able to transmit/receive messages to/from a UE supporting V2X application.
[R-5.1-011]
The 3GPP system shall be able to provide means for an application server and the RSU to control the area and the size of the area where the messages are being distributed.
[R-5.2.1-001]
The E-UTRA(N) shall be capable of transferring messages between two UEs supporting V2V/P application, directly or via an RSU, with a maximum latency of 100ms.
[R-5.2.1-003]
The E-UTRA(N) shall be capable of transferring messages between a UE supporting V2I application and an RSU with a maximum latency of 100ms.
[R-5.2.1-004]
The E-UTRAN shall be capable of transferring messages via 3GPP network entities between a UE and an application server both supporting V2N application with an end-to-end delay no longer than 1000 ms.
[R-5.2.3-001]
The E-UTRA(N) shall be able to support a maximum frequency of 10 messages per second per UE or per RSU.
2. Speed and Range Requirements:

[R-5.2.4-001]
The E-UTRAN shall be capable of supporting a communication range sufficient to give the driver(s) ample response time (e.g. 4 seconds).
[R-5.2.5-001]
The 3GPP system shall be capable of transferring messages between UEs supporting V2V application, while the maximum relative velocity of the UEs is 280 km/h, regardless of whether the UE(s) are served or not served by E-UTRAN supporting V2X communication.
[R-5.2.5-002]
The 3GPP system shall be capable of transferring messages between UEs supporting V2V and V2P application, respectively, while the UE’s maximum absolute velocity is 160 km/h, regardless of whether the UE(s) are served or not served by E-UTRAN supporting V2X communication.

Observation 2: The target DL broadcast area of a V2V/V2P/V2I message is an area in the proximity of the V2X UE that originated the message. Considering the requirements for communication range sufficient to give at least 4 seconds response time at maximum relative velocity of 280 Km/h translates to a communication range of approx 300 meters.
C.  From the above, for V2V/V2P messages using broadcast mechanisms, communication range of approx. 300 meters is needed at max relative velocity of 280 km/h. It is likely that PC5 one-to-all ProSe Direct Communication between the V2X UEs will not be able to meet such communication range in many deployment scenarios. Mechanisms that support distribution of V2X messages reliably over the desired communication range are needed.  Considering that up to 10 V2X messages per second can be generated per V2X UE, the communication range using broadcast mechanisms should not be very large either. A large number of vehicles (UEs) in a large communication range could generate a very large number of V2X messages. Such messages, in turn, are broadcast to all V2X UEs within the communication range, resulting in a large number of messages that need to be processed by the receiving V2X UEs. It is very likely that the receiving V2X UEs (e.g. UEs in vehicles/pedestrians) could get overwhelmed by such large number of messages and miss timely processing of V2V/V2P messages (e.g. security/safety related messages) from V2X UEs that are in proximity because other V2X messages from V2X UEs further away in the communication range are pending ahead in the processing queue.

Observation 3: Message communication range should be sufficient to meet the speed and range requirements in TS 22.185. At the same time, communication range, especially for broadcast mechanisms should not be very large so as to cause message congestion in the network and at the UEs..
D.  The target communication range can change dynamically depending on factors such as the type of the V2X UE (e.g. emergency vehicle), nature of the message (e.g. safety related or not safety related), speed of the vehicle, environmental factors etc. For example for V2X UEs in vehicles with maximum relative velocity of 50 Km/h, e.g. in urban environments, the communication range requirement with 4 seconds response time is approx 55 meters. 
Observation 4: Mechanisms are needed to dynamically determine the target communication range of the V2X messages. It is possible to derive such information from the information in the V2X messages e.g. location, dynamics, attributes etc. V2X Application Server(s) could be able to determine the target communication area for V2X messages e.g. from the information within the message or from other service layer information.
E.  Solutions are discussed in this paper that address Key Issue#2: V2X message transmission/ reception for V2V Service and V2P Service, and Key Issue#5: "V2X message transmission/reception between a vehicle and an RSU for V2I. These solution address Key Issue# 6 on latency improvements as well, without the use of eMBMS though. 

See companion P-CRs S2-162423 and S2-162424 also for proposals to TR 23.785.
2.  Proposed Solution

2.1  General
V2V/V2P messages are exchanged between V2X UEs that are in proximity of each other predominantly using broadcast-based mechanisms. V2X UEs can use such broadcast based mechanisms for exchanging V2I messages with the RSUs also. A method of broadcast-based messaging between V2X UEs/RSUs that are in close proximity is to use PC5 based one-to-all ProSe Direct Communication. 

PC5 based one-to-all ProSe Direct Communication could have the limitation of communication range for transporting V2X messages reliably in certain scenarios. E.g. UEs such as the those used by the pedestrians for V2P services may have lower battery capacity, limited radio sensitivity etc., hence be constrained on the communication range. 
There is also a need to dynamically manage the communication area of PC5 based one-to-all ProSe Direct Communication based on factors such as the type of the V2X UE (e.g. emergency vehicle), the nature of the V2X message (e.g. safety related or not safety related), the speed of the V2X UE, environmental factors etc.
The solutions X, Y and Z in the following clauses describe methods for the delivery of V2X messages for V2X services in the desired communication range.
2.2  
Solution# X: V2X message transmission and reception for V2X services using UE Type RSU with PC5
2.2.1
Description
In this solution V2X UEs and UE type RSUs (RSUs implemented as stationary UEs) use PC5 one-to-all ProSe Direct Communication for the transmission and reception of V2X messages. 
The RSUs receive V2X messages over PC5. V2X Application at the RSUs processes the V2X message locally to determine the area and the size of the area where the V2X messages need to be distributed to meet e.g. the range and speed requirements. The RSUs may coordinate and communicate with neighbour RSUs also (e.g. over local networks) for determining the distribution area and for distributing V2X messages over the target distribution area. The RSUs are built to be robust (compared to typical UEs), with sufficient radio sensitivity so as to be able to broadcast V2X messages over PC5 reliably in the designated communication range. 
The RSUs may also collect and aggregate knowledge of their local environment (e.g. information received from other vehicles, sensor equipment in proximity, surveillance etc.) to provide intelligent V2X services. Such environmental information can be included with the V2X messages broadcasted by the RSUs.
2.2.2
Procedures
The UEs and the RSUs are configured with information for one-to-all ProSe Direct Communication or obtain such information via authorization mechanisms as proposed in Solution #1 of TR23.785. 
As illustrated in Figure 2.2.2-1,  the RSU is implemented as a stationary UE-n and hosts V2X Application. UE-1 sends V2X message using one-to-all ProSe Direct Communication which is received by UE-2 and by the RSU as in step-4. UE-3, however, could not receive the V2X message sent by UE-1 due to not being in the reliable PC5 communication range of UE-1. V2X Application at the RSU determines the target distribution area of the V2X message. Though not illustrated in Figure 2.2.2-1, the RSU may coordinate and communicate with neighbour RSUs for determining and distributing V2X messages over the target area. The RSU and/or neighbour RSU(s), as applicable, broadcast the V2X message received at step-4 using PC5 one-to-all Prose Direct Communication as shown in step-7. All UEs listening for V2X communication in the target distribution area, including UE-3 receive the V2X message sent by the RSU(s).
NOTE 2:  In this solution, the RSUs communicate with each other over local network. Communication of RSUs over a local network is outside the scope of 3GPP. Solution # Z proposes another method for communication between RSUs using 3GPP E-UTRAN transport. 
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Figure 2.2.2-1: V2X message transmission/reception for V2X Services using RSU with PC5
2.3  
Solution Y: V2X message transmission/reception on downlink using UE Type RSU with LTE-Uu and PC5

2.3.1
Description
This solution uses UE type RSUs (RSUs implemented as stationary UEs) for downlink one-to-all broadcast of V2X messages over PC5. It may be noted that this solution does not use eMBMS for downlink broadcast of V2X messages. PC5 one-to-all ProSe Direct Communication between RSUs and UEs is used for downlink transmission/reception of V2X messages.

Uplink V2X messages from UEs are received by a V2X Application Server in the operator network over V1 interface. The method of transmission and routing of uplink V2X messages from V2X UEs to the V2X Application Server is not addressed by this solution. This solution addresses latency reductions and broadcast of VX messages on the downlink only.

RSUs implemented as stationary UEs (UE type RSUs) are deployed so as to provide adequate coverage to vehicular traffic infrastructure e.g. along urban roadsides, on highways etc. In order to reduce downlink latency in the operator network, the RSUs maintain a permanent SIPTO@LN PDN connections with L-GWs in the operator network. V2X Application Servers are also located in local network close to vehicular traffic infrastructure. SIPTO@LN PDN connections support bi-directional unicast also, if required for V2I/V2N services.   

On the receipt of an uplink V2X message, the V2X Application Server in operator network processes the message to determine the target area and the size of the area where the V2X message needs to be distributed. The V2X Application Server may coordinate and communicate with other V2X Application Servers for the determination of the target area and distribution of V2X messages in the target area. V2X messages from the V2X Application Server(s) are routed to the RSUs in the target distribution area over the permanent SIPTO@LN connections over LTE-Uu. The RSUs broadcast the received V2X messages over PC5 using one-to-all ProSe Direct Communication. UEs listening for V2X communication in the target distribution area receive V2X messages sent by the V2X Application Server(s) via the RSUs.
There are three components to this solution as illustrated in Figure 2.3.1-1:
1. On the uplink, the UE transmits V2X message to the V2X Application Server over V1 interface. The routing of uplink V2X message from V2X UE to V2X Application Server is not addressed in this solution. 
2. RSUs implemented as stationary UEs are deployed to provide adequate coverage to vehicular traffic infrastructure. In order to reduce latency, each RSU maintains a permanent SIPTO@LN connections with L-GWs in operator network. V2X Application Server is located in local network close to the vehicular traffic infrastructure. V2X Application Server processes uplink V2X messages to determine the target area where the V2X messages need to be distributed. V2X  Application Server may coordinate and communicate with other V2X Application Servers also for the determination of target area and the distribution of V2X messages in the target distribution area.
3. V2X Application Server(s) send V2X messages downlink to the RSUs in the target distribution area by routing over permanent SIPTO@LN connections over LTE-Uu. The RSUs broadcast the received V2X messages over PC5 using one-to-all ProSe Direct Communication. UEs listening for V2X communication in the target distribution area receive V2X messages sent by the V2X Application Server(s) via the RSUs. 
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Figure 2.3.1.-1: V2X message transmission/reception on downlink using 
UE Type RSU with LTE-Uu and PC5
Figure 2.3.1-2 depicts the reference architecture for this solution. 
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Figure 2.3.1-2: Architecture Model for V2X message transmission/reception on downlink 
using UE Type RSU with LTE-Uu and PC5
NOTE 1:
For SIPTO@LN, stand-alone GW architecture (with S-GW and L-GW collocated) is illustrated. However, SIPTO@LN with L-GW function collocated with the eNB is not precluded.
NOTE 2:
Not all relevant entities are shown in the figure.
NOTE 3:
The V2X Application Server in the figure can be considered as a V2X Service Layer.
2.3.2
Procedures

The UEs and the RSUs are configured with information for one-to-all ProSe Direct Communication or obtain such information via authorization mechanisms as proposed in Solution #1 of TR23.785. 

As illustrated in Figure 2.3.2-1, uplink V2X message from vehicle UE-1 is received by V2X Application Server in the operator network over V1 interface as in step-4. The method of transmission and routing of the uplink V2X messages from UE-1 to the V2X Application Server is not addressed by this solution. The V2X Application Server determines the target distribution area of the V2X message as in step-5. Though not illustrated in Figure 2.3.2-1, V2X  Application Server may coordinate and communicate with other V2X Application Servers for determining the target area and the distribution of V2X messages in the target area. Step-6 shows V2X messages from the V2X Application Server(s) routed to the RSUs in the target distribution area over permanent SIPTO@LN PDN connections over LTE-Uu. At step-9,the RSUs broadcast the received V2X messages over PC5 using one-to-all ProSe Direct Communication. UEs listening for V2X communication on PC5 in the target distribution area receive V2X messages sent by the V2X Application Server via RSUs.
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Figure 2.3.2.1-1: V2X message transmission/reception on downlink using 
UE Type RSU with LTE-Uu and PC5
2.4  
Solution Z: V2X message transmission/reception on uplink using UE Type RSU with LTE-Uu and PC5

2.4.1
Description
This solution uses UE Type RSU (RSUs implemented as stationary UEs) PC5 one-to-all ProSe Direct Communication, and LTE-Uu with E-UTRAN for uplink transmission of V2X messages. This solution addresses latency reduction on the uplink only. This solution does not address latency reductions on the downlink.  This solution may be used in combination with solution # Y for the distribution of V2X messages on the downlink.
RSUs implemented as stationary UEs (UE type RSUs) are deployed so as to provide adequate coverage to vehicular traffic infrastructure e.g. on urban roadsides, on highways etc. In order to reduce uplink latency in the operator network, the RSUs maintain permanent SIPTO@LN PDN connections with L-GWs in the operator network. V2X Application Server is also located in the local network close to vehicular traffic infrastructure. SIPTO@LN PDN connections support bi-directional unicast also, if required for V2I/V2N services.   

The RSU receives V2X messages from the V2X UEs over PC5. V2X messages that cannot be processed by the V2X Application(s) locally at the RSU(s) for downlink distribution as in solution # X; are routed to the V2X Application Server in the operator network over permanent SIPTO@LN connection over LTE-Uu. The V2X Application Server in operator network processes the message to determine the target area and the size of the area where the V2X message needs to be distributed. V2X Application Server may coordinate and communicate with other V2X Application Servers for the determination of the target area and distribution of V2X messages in the target area. How the V2X messages are delivered downlink in the target distribution area is not addressed by this solution. This solution may be used in combination with solution # Y for the distribution of V2X messages on the downlink.
There are three components to this solution as illustrated in Figure 2.4.1-1:

1. RSUs implemented as stationary UEs are deployed to provide adequate coverage to vehicular traffic infrastructure. In order to reduce latency, the RSUs maintain permanent SIPTO@LN connections with L-GWs in operator network. 

2. The RSU receives V2X messages from V2X UEs over PC5. V2X messages that cannot be processed by the V2X Application(s) locally in the RSU(s) for downlink distribution are routed to the V2X Application Server in the operator network over permanent SIPTO@LN connection over LTE-Uu. The V2X Application Server in operator network processes the message to determine the target area and the size of the area where the V2X message needs to be distributed. V2X Application Server may coordinate and communicate with other V2X Application Servers for the determination of the target area and distribution of V2X messages in the target area. 

3. How the V2X messages are delivered downlink in the target distribution area is not addressed by this solution. 
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Figure 2.4.1.-1: V2X message transmission/reception on uplink using 
UE Type RSU with LTE-Uu and PC5
Figure 2.4.1-2 depicts the reference architecture for this solution. 
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Figure 2.4.1-2: Architecture Model for V2X message transmission/reception on uplink 
using UE Type RSU with LTE-Uu and PC5
NOTE 1:
For SIPTO@LN, stand-alone GW architecture (with S-GW and L-GW collocated) is illustrated. However, SIPTO@LN with L-GW function collocated with the eNB is not precluded.
NOTE 2:
Not all relevant entities are shown in the figure.
NOTE 3:
The V2X Application Server in the figure can be considered as a V2X Service Layer.
2.4.2
Procedures

The UEs and the RSUs are configured with information for one-to-all ProSe Direct Communication or obtain such information via authorization mechanisms as proposed in Solution #1 of TR23.785. 

As illustrated in Figure 2.4.2-1, the RSU is implemented as a stationary UE-m and hosts V2X Application. The RSU has permanent SIPTO@LN connection with E-UTRAN over LTE-Uu. UE-1 sends V2X message using one-to-all ProSe Direct Communication which is received by UE-2, by UE3 and by the RSU as in step-5. UE-4, however, does not receive the V2X message sent by UE-1 e.g. due to not being in the reliable PC5 communication range of UE-1. V2X Application(s) at the RSU(s) determines that V2X message cannot be processed locally for downlink distribution. The RSU routes the V2X message to the V2X Application Server in operator network over permanent SIPTO@LN connection over LTE-Uu as in Step-6. The V2X Application Server in operator network processes the message to determine the target area and the size of the area where the V2X message needs to be distributed. Though not illustrated in Figure 2.4.2-1, the V2X Application Server may coordinate and communicate with other V2X Application Servers for the determination of the target area and distribution of V2X messages in the target area as in step-7. How the V2X messages are delivered downlink in the target distribution area is not addressed by this solution.  For illustrative purposes, steps 8-11 show downlink distribution of V2X messages using solution # Y "V2X message transmission/ reception on downlink using UE Type RSU with LTE-Uu and PC5" over permanent SIPTO@LN connections with UE type RSUs.


[image: image7.emf]UE-2

(Vehicle)

L-GW

S-GW

UE-n

(Stationary)

RSU

UE-1

(Vehicle)

UE-3

(Vehicle)

UE-4

(Pedestrian)

E-UTRAN

V2X 

Application 

Server

UE-m

(Stationary)

RSU

3. Send V2X 

Communicaiton

4. Listen for V2X 

Communicaiton

4. Listen for V2X 

Communicaiton

4. Listen for V2X 

Communicaiton

4. Listen for V2X 

Communicaiton

4. Listen for V2X 

Communicaiton

4. Listen for V2X 

Communicaiton

1. Configured with 

V2X Information

1. Configured with 

V2X Information

1. Configured with 

V2X Information

1. Configured with 

V2X Information

1. Configured with 

V2X Information

1. Configured with 

V2X Information

2. Establish permanent SIPTO@LN Connection

( 5 )

5. UL V2X Message broadcast  over PC5

6. UL V2X message over SIPTO@LN connection over LTE-Uu

7. Determine Target 

Distribution Area.

Communicate with 

Neighbor V2X 

Application Servers, 

as needed

8. Establish permanent SIPTO@LN Connection

9. DL V2X message over SIPTO@LN connection over LTE-Uu

10. Send V2X 

Communicaiton

11. V2X Message broadcast  for 

V2X Service over PC5


Figure 2.4.2.1-1: V2X message transmission/reception on uplink for V2X Services 
using RSU with PC5 and LTE-Uu
--------------------------------------
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