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1 Introduction
The SID on Feasibility Study on LTE-Based V2X Services [1] SID provides the following definitions:

•
V2V (vehicle-to-vehicle): covering LTE-based communication between vehicles.

•
V2P (vehicle-to-pedestrian): covering LTE-based communication between a vehicle and a device carried by an individual (e.g. handheld terminal carried by a pedestrian, cyclist, driver or passenger). 

•
V2I/N (vehicle-to-infrastructure/network): covering LTE-based communication between a vehicle and a roadside unit/network. A roadside unit (RSU) is a transportation infrastructure entity (e.g. an entity transmitting speed notifications) implemented in an eNodeB or a stationary UE.

In RAN2#91bis, V2x scenarios were discussed and the following agreements were made: 

	Agreements:

RAN2 agrees to consider the following V2V scenarios for feasibility study

1. UL to DL via E-UTRAN (eNB and RSU eNB type) - higher priority for analysis study until december
2. SL to UL via UE type RSU and DL from E-UTRAN (bi-directional will also be included).  
· For the purpose of the initial evaluation we assume Rel-12 PC5 broadcast between UE and UE type RSU and Rel-12 Uu between UE type RSU and eNB

Multiple operator scenarios will be considered.  For the initial analysis a single eNB and multiple eNBs are assumed.  FFS which multiple operator scenarios are relevant and should be prioritized.  




In this contribution and considering the above traffic differentiation, we discuss different aspects of traffic management including congestion control and prioritization that in our opinion need to be addressed within the V2X framework.

2 Discussion
The introduction of V2X might call for enhanced traffic management strategies. The reason is that traffic scenarios and load condition foreseen for V2X might be particularly challenging. While ProSe communication is mainly designed to support VoIP traffic and low load, the V2X framework should deal with a different variety of traffic types (e.g. V2V, V2I, V2P, V2N) with possibly hundreds of vehicles requiring V2X services. 
Traffic characteristics (e.g. periodicity, priority, message size) and QoS requirements might differ according to the different possible V2X services. ETSI in [2] considers, for example, road safety services where the packet delay budget requirements as well as the packet error loss rate should be quite stringent. On the other hand, for non-critical traffic advertisements (e.g. queue warning, parking information, etc.), the requirements on latency and packet error loss rate can be relaxed. In particular, according to ETSI [2], an intelligent transport system (ITS) can generate DENM (Decentralized Environmental Notification Message) messages, i.e. event-triggered messages to alert vehicles, or CAM (Cooperative Awareness Message) messages, i.e. traffic advertisements periodically generated with a periodicity varying between 100ms and 1s.

To summarize V2X communications might be subject to a mixture of traffic characteristics including:

· Different traffic types (e.g., V2V, V2I, V2P);

· Different transmission periodicities (100ms, 1s, event-triggered traffic);

· Different packet sizes, possibly with non-homogeneous packet size even in case of periodic traffic;

· Different radio/service requirements (range, reliability, latency, priority, etc.).

Observation 1 Unlike ProSe, a V2X framework should consider a large variety of traffic characteristics and highly loaded scenarios.
Observation 2 The different V2X traffic scenarios imply different QoS requirements in terms of, e.g., latency, reliability, priority.

As such, we believe that traffic management, including congestion control  is a critical issue that should be addressed when studying V2X scenarios in order to satisfy V2X QoS requirements.

Proposal 1 Congestion control in V2X should be studied by RAN2.
To alleviate the issue of highly loaded scenarios that V2X might cause, a first simple consideration is that a UE/eNB should be capable for instance at RLC layer of dropping the packets in the transmitting queue in case no access to the medium has been granted during a certain maximum configurable queue delay period. This would avoid sending over the air old packets that will further congest the network. However not all packets should be dropped, e.g. event-triggered packets should be sent with highest priority and very short latency. On the other hand some periodical type of messages not carrying security related information can be sent with lower priority.
Therefore, the UE queue management should take into account the packet characteristics that may include its periodicity, priority, and type of traffic (V2V/I/P). These traffic characteristics can be also utilized to improve traffic routing decisions, e.g. in case the PC5 interface with other vehicles or with a UE-type RSU is congested, the traffic can be routed over the Uu.
Proposal 2 An intra-UE/eNB queue management should be capable of dropping/rerouting packets depending on, e.g., periodicity, priority and packet type.
Inter-UE queue management should also be considered, especially in case of UE autonomous resource allocation (e.g. mode-2). This means that a certain transmitting UE before transmitting its own packet should take into account also the characteristic of packets that are to be transmitted by other UEs in the proximity. Such information can be signalled as part of SA. In this case, a simple enhancement of the SA mechanism designed for Rel-12 ProSe is needed. 
Proposal 3 For inter-UE queue management, at least the periodicity, priority and type of traffic of packets generated by other UEs in proximity are considered.
Parameters for queue management can be configured by the eNB or pre-configured. 
Proposal 4 Queue management parameters can be configured by the network or pre-configured.
A natural question that mainly arises for V2V is how the transmitter at lower layers can learn the packet traffic characteristics and how the receiver identifies the received packets. One way is to introduce new QCIs to reflect the V2X traffic properties with the corresponding QoS parameters. Another way is that higher layers provide lower layers with traffic tags (or labels) where each tag corresponds to a possible combination of priority, periodicity, and traffic type. In general, being able to differentiate traffic characteristics can assist the queue management in making decisions on dropping or rerouting packets to different interfaces, e.g. PC5, or Uu. Moreover, the use of tags can further assist the receiver to determine whether a certain packet needs to be forwarded towards the core network or if it should be re-routed within the cell or neighbouring cells. Such traffic characteristics can be signalled at PDCP layer, e.g. in the PDCP PDU type field, or at MAC layer in separate LCIDs.
Proposal 5 Traffic characteristics of transmitting packets (including at least periodicity, priority and type of traffic) can be realized by introducing new QCIs or by explicitly indicating them in the packet header. 

Proposal 6 Traffic characteristics can be used for queue management or routing purposes.

Another aspect of traffic management is necessary in the case when multiple UEs send a similar message due to a certain event. This scenario is likely to occur in a traffic accident, for example. UEs transmitting such an event-triggered message should back-off or cancel the transmission in case other UEs in the proximity have already transmitted such a message. This issue can be solved at the application layer, e.g. a V2X server in the core network or at the RSU in case there is an application layer that terminates the messages. For instance the RSU can play a key role in disseminating information to relevant UEs fast. This mitigates the congestion that could result from similar messages being transmitted by multiple UEs.
Proposal 7 Duplicate packet detection could be assisted by the application layer in order to mitigate congestion.

3 Conclusion

In section 2 we made the following observations:
Observation 1
Unlike ProSe, a V2X framework should consider a large variety of traffic characteristics and highly loaded scenarios.
Observation 2
The different V2X traffic scenarios imply different QoS requirements in terms of, e.g., latency, reliability, priority.


Based on the discussion in section 2 we propose the following:
Proposal 1
Congestion control in V2X should be studied by RAN2.
Proposal 2
An intra-UE/eNB queue management should be capable of dropping/rerouting packets depending on, e.g., periodicity, priority and packet type.
Proposal 3
For inter-UE queue management, at least the periodicity, priority and type of traffic of packets generated by other UEs in proximity are considered.
Proposal 4
Queue management parameters can be configured by the network or pre-configured.
Proposal 5
Traffic characteristics of transmitting packets (including at least periodicity, priority and type of traffic) can be realized by introducing new QCIs or by explicitly indicating them in the packet header.
Proposal 6
Traffic characteristics can be used for queue management or routing purposes.
Proposal 7
Duplicate packet detection could be assisted by the application layer in order to mitigate congestion.


4 References

[1] RP-151109, Feasibility Study on LTE-based V2X Services, LG Electronics, CATT, Vodafone, Huawei
[2] ETSI TS 302 637-2, “Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Part 2: Specification of Cooperative Awareness Basic Service”, ETSI ITS;

2/3


