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Abstract of the contribution: This paper proposes to use ProSe Per-Packet Priority as a solution for QoS and prioritization for V2X message transmission over PC5 interface.
1. Introduction

In TR 23.785, key issue #7 is to address QoS for V2X Service and key issue #4 is for V2X message prioritization for V2V/P Services as follows:
	5.7
Key Issue #7: QoS for V2X Service
5.7.1
General description
To support the V2X service requirements including the maximum transmission frequency, maximum latency and high reliability, the following aspects need to be studied for both the PC5 and LTE-Uu based architecture at least:
-
Which QoS parameters need to be defined for V2X Service?

-
How does the 3GPP system provide means to support of transferring V2X messages between two UEs supporting V2V/P Service (directly or via an RSU), or between a UE supporting V2I Service and an RSU, with a maximum latency of 100ms (20ms for particular V2V Service)?


	5.4
Key Issue #4: V2X message prioritization for V2V Service and V2P Service
5.4.1
General description
Prioritizing V2X message transmission for a UE supporting V2X Service and serving specific purpose (e.g. ambulance or patrol car on duty) is required. It is also required to support prioritizing V2X message transmission according to the message type (e.g. whether road safety related message or not).
In order to support above, the following aspects need to be studied at least:
- 
How does the 3GPP system provide means to prioritize V2X message transmission for V2V Service and V2P Service for a UE serving specific purpose (e.g. ambulance or patrol car on duty)?
-
How does the 3GPP system provide means to prioritize transmission of V2X message for V2V Service and V2P Service according to its type (e.g. whether road safety related message or not)?


2. Discussion

2.1 QoS parameters for PC5 based V2X message transmission
Regarding the following bullet, QoS parameters for PC5 based V2X message transmission need to be investigated.
 - Which QoS parameters need to be defined for V2X Service?
According to TS 22.185, the QoS should be supported for V2X service considering latency, reception reliability, and message transmission frequency for transfer of periodic or event-triggered V2X message. Due to characteristics of V2X service, low latency is necessary for V2X message transfer between two end points communicating over PC5 e.g. between UEs directly or via an RSU. Message transmission frequency is considered for reliable V2X message reception by sending the identical messages with a certain interval. However, too frequent message transmissions may cause message congestion/collision in the target V2X Service area. Another issue is to distinguish more important messages from the received ones by applying a prioritization to V2X message.
Latency

V2X message transfer over PC5 uses a direct communication mechanism. Thus, the propagation delay in transmitting V2X message transfer seems not a problem. The queueing delay within UE can be resolved by the message priority.  However, the delay in PC5 based message transmission is linked to resource allocation and transmission scheduling which are controlled by eNB. In scheduled PC5 resource allocation (mode 1), eNB allocates PC5 resource and schedules message transmission based on received Sidelink Buffer Status Report (SL BSR) which has a significant impact on prolonging the latency. In autonomous PC5 resource allocation (mode 2), UE identifies PC5 resource pool (radio frequency) with SIB 18 information sent by eNB, which has a periodicity ranging from 80ms to 5,120ms as defined in TS 36.331. In other words, the periodicity of SIB 18 is a critical factor in fulfilling the latency requirement of PC5 based V2X message transmission. Thus, the latency over PC5 based V2X message transmission is rather an issue of resource allocation and transmission scheduling than an issue of architecture. 
Observation 1. The latency in PC5 based V2X message transmission highly is an issue of resource allocation and transmission scheduling not an issue of architecture.
In terms of SA2’s perspective, latency issue in PC5 based message transmission can be handled by which message should have a precedence in scheduled resource allocation request (mode 1) or autonomous resource selection (mode 2). In other words, when there are multiple V2X messages waiting for PC5 resource allocation/selection, a priority of the message can be considered to reduce the latency. Namely, more important V2X message (with higher priority) can be transmitted before less important V2X message (with lower priority) by prioritized resource allocation request/resource selection in order to reduce the latency. 
Observation 2. Resource allocation/selection based on priority of the V2X message over PC5 interface can reduce the latency in message transmission.
Reliability & Message transmission frequency
PC5 based V2X message transmission is a direct communication (one-hop communication), which means that there is less possibility of message reception failure caused by unsuccessful message relay. Due to its broadcast nature, however, message reception reliability is affected by message transmission frequency. According to TS 22.185, V2X Service should support 10 messages/sec at most, which means there may be severe degradation of message reception reliability due to message collision when many UEs are sending the message in a certain area simultaneously. Moreover, many UEs sending V2X message imply limited or insufficient PC5 resource in the area, which also can be a reason of failure of V2X message transmission. However, referring to Observation 1, the resource allocation is an issue of RAN WG not an issue of SA2 WG.
As stated above, a large number of UEs in a certain area mean that UE may have insufficient PC5 resource to support V2X message transmission. In this case, SA2 should consider how to provide a method for efficient resource utilization in the message transmission. As discussed above, there are two kinds of V2X messages defined: the periodic and event-triggered messages. The periodic V2X message is generated with a certain interval while the event-triggered V2X message is sent only when a pre-defined event happens e.g. car accident, which implies that the event-triggered V2X message has precedence over the periodic V2X message. Thus, if the UE identifies that there is insufficient PC5 resource, UE’s transport layer can give a higher priority to the event-driven message and place it before the periodic message in the message queue for efficient resource utilization. As a result, the reception reliability of more important message can be enhanced by prioritizing the messages in queueing operation when in lack of PC5 resource.
Observation 4. Prioritizing V2X messages can improve the message reception reliability as well as the efficiency of PC5 resource utilization.
Based on the discussion above, we can conclude that the latency, reliability and message transmission frequency requirements for V2X Service can be controlled by the message priority. In V2X Service, road safety related V2X message has a higher priority than non-road safety related V2X message. Also, for road safety related V2X message, event-triggered V2X message has a higher priority than periodic V2X message. The message with higher priority should have a precedence over the message with the lower priority in intra-UE transmissions and inter-UE transmissions.

Proposal 1. Priority of V2X message over PC5 interface can fulfil requirements for PC5 based V2X message transmission e.g. latency, reliability, and message transmission frequency.
2.2 Prioritization for PC5 based V2X message transmission
The aspects of the key issue#4: V2X message prioritization for V2V/P Services address prioritization rule of message based on UE-type (e.g. a UE serving specific purpose such as ambulance or patrol car on duty) and message-type (e.g. Road Safety related message or non-Road Safety related message). V2X messages transmitted by emergency vehicle (e.g. ambulance) may have a higher priority than other vehicles. Message-type based prioritization may consider road safety aspects of the message such that Decentralized Environmental Notification Message (DENM) defined in ETSI TS 102 637-3 which is generated by detecting an abnormal situation (e.g. car accident, potential injury, etc) has a higher priority than Cooperative Awareness Message (CAM) defined in ETSI TS 102 637-2 which is periodically sent and contains status information of a vehicle (e.g. geographical location, speed, etc).
2.3 ProSe Per-Packet Priority for PC5 based V2X message transmission
According to clause 5.4.6 “ProSe Per-Packet Priority” of TS 23.303, when the ProSe upper layer (i.e. above PC5 access stratum) passes a protocol data unit for transmission to the PC5 access stratum, the ProSe upper layer provides a ProSe Per-Packet Priority from a range of 8 possible values. The ProSe Per-Packet Priority is selected by the application layer based on criteria that are outside the scope of TS 23.303. The ProSe access stratum uses the ProSe Per-Packet Priority associated with the protocol data unit as received from the upper layers to prioritise the transmission in respect with other intra-UE transmissions (i.e. protocol data units associated with different priorities awaiting transmission inside the same UE) and inter-UE transmissions (i.e. protocol data units associated with different priorities awaiting transmission inside different UEs). Priority queues (intra-UE and inter-UE) are expected to be served in priority order 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 ProSe Per-Packet Priority is neutral to the mode in which the UE accesses the medium i.e. whether scheduled or autonomous transmission modes defined in TS 36.300 are used. 
As a result, ProSe Per-Packet Priority has the following benefits when used in message prioritization over PC5: 

- Message prioritization mechanism for PC5 interface
- 8 priority levels (1~8) to handle UE-type and message-type based prioritization 
- Message prioritization is up to application layer
- Independent of the mode which the UE accesses the medium, i.e. PC5 access stratum
Based on the discussion above, we propose to use ProSe Per-Packet Priority to address QoS and prioritization for PC5 based V2X message transmission.
Proposal 2. We propose to use ProSe Per-Packet Priority to address QoS and prioritization for PC5 based V2X message transmission.
3. Proposal
It is proposed to add the following solution while deleting FFS about QoS support for V2X message transmission in Solution #2: V2X message transmission/reception for V2V/P Services using PC5 to TR 23.785.
* * * * Start of 1st Change * * * *
6.G 
Solution #G: ProSe Per-Packet Priority (PPPP) for PC5 based V2X message transmission
6.G.1
General Description
This solution addresses the key issue 4 on Prioritization of PC5 based V2X message transmission for V2V Service and V2P Service and the key issue 7 on QoS for V2X Service over PC5.
Regarding to key issue 7 on QoS for V2X Service, a priority parameter of V2X message over PC5 interface can reflect QoS parameters required for V2X Service e.g. latency, packet reception reliability and message transmission frequency.
ProSe Per-Packet Priority (PPPP) defined in TS 23.303 [5] can be reused to prioritize V2X messages transmitted over PC5 for V2V/P Service. Application layer sets up PPPP of the V2X message based on criteria that are outside the scope of this solution (e.g. based on UE-type and message-type).
The proposed PPPP based solution is applied:

-
when the UE is "served by E-UTRAN" and when the UE is "not served by E-UTRAN".
-
when an RSU implemented as a UE is "served by E-UTRAN" and is "not served by E-UTRAN" where the RSU forwards the V2X message for V2V/P Service generated by the UE.
6.G.2
Impact on existing entities and interfaces
Editor's Note: Impacts on existing nodes or functionality will be added.
6.G.3
Topics for further study

Editor's Note: Topics for FFS will be collected for this particular functionality.
6.G.4
Conclusions
Editor's note: Conclusions will be collected for this particular functionality.
* * * * Start of 2nd Change * * * *
6.2.4
Topics for further study

It is FFS how this solution can be made to support IP-less content.
It is FFS whether to support IPv4 based one-to-all ProSe Direct Communication for V2X.

It is FFS how to support V2X message prioritization.


It is FFS how to assign Layer-2 ID for one-to-all ProSe Direct Communication.
* * * * End of Changes * * * *
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