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Abstract of the contribution: This contribution presented the solution for handling QoS and priority in PC5 based V2X Communication. . 
Discussion

In Rel-13 eProSe Direct Communication, the per packet priority mechanism, aka. PPPP, was defined in TS 23.303 clause 5.4.6.1. It provides 8 levels of priority for the application layer to set for the packets passed down to the ProSe layer. Each of the packets could be have independent priority value associated regardless of the source and destination. The PPPP mechanism applies to both scheduled and autonomous transmission mode. Therefore, when PC5 is used for the V2X communication, PPPP mechanism is also inherited. 

Observation 1: ProSe Per Packet Priority (PPPP) is available for PC5 based V2X communication, in both scheduled and autonomous transmission mode.  

In the V2X communication, there are two different type of priority control. The application layer based priority. As specified in SAE DSRC and ETSI ITS specification, the application layer may decide on a priority for a particular message based on the urgency of the message or how it is generated. Such urgency could change for the messages of the same application and format. Therefore, similar to ProSe Direct Communication, the PPPP mechanism could be used as is for the application decided priority.  

It is also observed that there could different formats of priority formats at application layer. Therefore, in order to make use of PC5 transport, the application layer needs to adapt its priority configuration to the PPPP format, i.e.  UE serves all packets associated with ProSe Per-Packet Priority N before serving packets associated with priority N+1 (lower number meaning higher priority).
The mapping between the application layer priority and PPPP priority could be configured on the UE over V1 reference point, which is out of scope of SA2. 
Observation 2: In V2X communication, the application configured priority should be support with the PPPP defined for ProSe, i.e. application layer sets the per packet priority when passing the packets down for transmission.  

Another type of priority in V2X communication is for the support of emergency vehicles, i.e. ambulance or police cars. For example, in the SAE J2735, there is a LightbarInUse field defined to allow the indication of whether an emergency vehicle has turned on the emergency mode. In this case, the messages from the vehicle should be transmitted with highest priority. 

According to IEEE1609, whether the UE can set the LightbarInUse field is authorized by the Certificate Authority as part of the certificate. A receiver would also verify based on the Service Specific Permissions (SSP) of certificate. Therefore, there is no need for any additional configuration on the UE for the use of this field. 
It is expected that the transmitting UE will set the highest priority for the messages with such field set. Several options exist, e.g. reserve the highest priority PPPP value for such use, application layer refrain from using the highest priority PPPP value for a certain period when a legitimate message with LightbarInUse field is received.  

Observation 3: In V2X communication, the emergency vehicle priority handling can be achieved by using the highest priority PPPP.  

For scheduled PC5 transmission, the same principles as the above applies. Since the use of LightbarInUse field is authorized at application layer based on certificates, the control is not visible to the mobile operator. Therefore, there is no way the MME could inform eNB of anything. In addition, the same vehicle could have the field turn on or off depending on different situations, and therefore should be only handled by application layer. 

For other UEs, all the priority level should be supported as well, based on the application layer configurations. Therefore, similar to the Rel-13 ProSe, E-UTRAN does not need to be configured with any priority setting of the UE from the EPS core network, e.g. MME. Existing RAN operation can be reused.  

Observation 4: In scheduled operation mode, there is no need to inform the E-UTRAN on any priority information from core network.  

Other than priority, V2X application usually also have delay requirement on the message. However, as most messages are of the same delay requirements, expect some special messages, e.g. pre-crash sensing. This type of special messages can be sent by any vehicle, using the same message format (it is just one type of the DENM message). 

For autonomous transmission mode, the UE can perform local handling of the packets, e.g. local transmission queue management. For inter-UE handling, it needs to associate such packets with a higher priority level, such that it can have better chance to access the transmission resources to meet the delay requirement.

For network schedule operation mode, however, there is no advantage for E-UTRAN to manage such message delivery based on explicitly delay requirements. Rather, it is simply better to use priority based on control to reflect such difference in the delay requirement.

Observation 5: The shorter delay requirements of some special V2X messages should be satisfied with setting a higher priority for these messages.  

For a normal V2X UE, the traffic pattern is highly predictable, e.g. 10 messages per second, unless some special event triggered urgency messages that can be sent at higher frequencies. Therefore, in the network scheduled mode, a UE-AMBR like parameter could be configured for the UE to generally limit the traffic from a single UE. As the network scheduled mode is expected to be used mostly in high density area, this would be useful to avoid congestion.  
In addition, for certain special UEs, e.g. the UE type RSUs, they may be allowed to send at higher frequency especially if it is used for V2I service that serves multiple applications. The UE-AMBR for such type of UEs should be configured much higher.   

Similar to the existing UE-AMBR operation, this UE-AMBR like parameter could be stored in the HSS based on UE subscription, and passed to the E-UTRAN for the scheduling management. It is up to E-UTRAN to decide how to make use of such parameter/whether the parameter is necessary, .e.g. to regulate the UE's traffic in case of resources shortage or congestion. 
Observation 6: The EPS can provide a UE-AMBR like parameter for PC5 as part of the QoS parameters to the E-UTRAN for the control of PC5 transmission when scheduled mode is used. RAN WG feedback on this would be necessary.  

Proposal

************* Start of changes *******************
6.6
Solution #6: QoS handling for PC5 based message
6.6.1
Functional Description
6.6.1.1
General

ProSe Per Packet Priority defined in clause 5.4.6.1 of TS 23.303 applies to the V2X communication using PC5 transmission. When passing the V2X message to ProSe layer for transport, application layer sets the priority of the V2X message based on a configured mapping between application layer priority and PPPP. The configuration of such mapping on the UE is out of scope of SA2. 

For autonomous operation mode, the UEs operates based on parameters configured in the UE or network announcements in the SIB 


In network scheduled operation mode, PC5 Radio Bearers can be further 
managed by E-UTRAN based on the QoS parameters provided from EPS.
E-UTRAN obtains the PC5 based QoS parameters from the Initial UE Context Setup procedure, or as part of the mobility procedures.
6.6.1.2
QoS parameters for V2X
In network scheduled operation mode, the EPS Core Network may provide some QoS parameters for the E-UTRAN management of the PC5 message transmission. Since the PC5 radio bearers do not have corresponding EPS bearers, the Core Network does not perform bearer level control. Rather, it only provides parameters for aggregated per-UE level management. 

It is expected that the QoS parameters contains the following information for the E-UTRAN to manage the scheduling of PC5 accordingly when necessary:

- Parameter similar to UE Aggregate Maximum Bit Rate (UE-AMBR) for PC5   
6.6.2
Procedure for network scheduled operation mode
During the Attach procedure, MME generates the V2X PC5 based QoS parameters. This V2X PC5 based QoS parameters is sent to eNB. The V2X PC5 based QoS parameters are generated by MME according to UE subscription from the HSS and the operator's policy. 
When operating in scheduled mode, anytime a UE needs to send V2X messages over PC5, it requests PC5 resource from eNB. 

The eNodeB provide resource allocation to the UE according to V2X PC5 based QoS parameters receives from the MME. 
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Figure 6.6.2-1: Delivery of PC5 related QoS parameters during Attach procedure
The procedure is identical to the attach procedure defined in clause 5.3.2.1 of TS 23.401 [7], with the following addition:

1.
V2X capability is added as part of the "UE Network Capability", which indicates whether the UE is capable of supporting V2X communication. 
17.
MME generates the V2X PC5 based QoS parameters 


The V2X PC5 based QoS parameters is included in the Initial Context Setup Request message sent to eNB.

18.
The eNodeB stores the received V2X PC5 based QoS parameters and use that for controlling the scheduling of resources for the UE's sidelink communication
27.
If the UE is in network scheduled mode, when the UE receives V2X messages from the application, the UE requests radio resources from E-UTRAN to send the V2X messages over PC5. For autonomous transmission mode, the UE autonomously selects PC5 related radio resources to send the V2X messages.


A UE may locally downgrade the priority of a V2X message if an associated timer expires in case of eNB scheduled PC5 operation. 
The QoS parameters would be also included in the Initial Context Setup Request message triggered by the Service Request procedure. In addition, during handover, the QoS parameters should be also transfer as part of the UE context if the target cell supports V2X. 
6.6.3
Impact on existing entities and interfaces
Editor's Note: Impacts on existing nodes or functionality will be added.
6.6.4
Topics for further study





6.6.5
Conclusions

The solution documented in 6.6.1, 6.6.2 and 6.6.3 should be used as the basis for normative work. 
************* End of changes *******************
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