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Introduction
In RAN #68 meeting, a new study item "Feasibility Study on LTE-based V2X Services" is proposed. The following objectives in SI proposal were made [1]:
2) For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:
a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]
And:
3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]
This contribution discusses the possibility of performing V2X resource allocation with cooperative diversity, especially for DENM message transmission.

Discussion
Background
V2X services have been discussed by SA. The relevant outcome contains defining three V2X service types, V2V (vehicle-to-vehicle), V2I (vehicle-to-infrastructure) and V2P (vehicle-to-pedestrian); and proposing two message types, CAM and DENM, CAM is used for normal information notification while DENM is used for special emergency messages. 
V2X deployment scenario and requirements are emphasised in this stage. Currently, the main challenges of LTE-based V2X include high vehicle density, which may result in substantial traffic density and severe confliction, and strict reliability requirement which cannot be met with D2D mode 2 communication mechanisms [2]. As a result, necessary enhancements should be introduced in V2X services.
Mechanisms of cooperative diversity in V2X
In this contribution we focus on enhancements of emergency warning message transmission, mainly referring to DENM messages. In some typical emergency scenarios, such as traffic accident on highways, the possible high mobility of vehicles should be specially considered. For the purpose of safety assurance, some DENM messages may need a large propagation range which far exceeds the target range of V2X services (typically 50 ~ 320m [3], corresponding to <10s human response time for drivers). Multi-hop V2X relay should be considered to enhance coverage in DENM transmission.
Since above DENM messages are generally caused by actual accidents, we assume that the number of traffic source node is limited, hence conflictions mainly appear in the message forwarding process. Considering that involved V2X nodes need to forward same DENM messages, if multiple V2X relay nodes transmit in a cooperative way according to some fixed rules, number of required resources will be significantly reduced and thus confliction can be mitigated, which will result in better transmission reliability. Besides, with appropriate signal design, multi-user cooperative transmission could introduce power and diversity gain and effectively enhance system performance.
Figure 1 shows an example of cooperative diversity applied in V2X services. Vehicle 0 detects engine breaking and stop in middle of road. The V2X equipment of Vehicle 0 broadcasts a "Stationary vehicle warning" DENM message on subframe N1. Vehicle 1~4 receive this message and participate in forwarding cooperatively through broadcasting this message on same resource subframe N2. If Rel-12 communication mechanism is reused in V2X services, then both SA and data messages can be transmitted in a cooperative way.


Figure 1 Example of cooperative diversity in V2X services
Proposal 1: Cooperative diversity can be introduced to V2X services, especially for multi-hop DENM message transmission. If Rel-12 D2D communication mechanism is reused, both SA and data message can be transmitted cooperatively.
In figure 1, hop count is used as multiplexing criterion, which could naturally take advantage of cooperative forwarding mechanism with low scheduling complexity. Based on Rel-12 D2D communication, we further suggest two resource allocation options:
· Option 1 (figure 2): Use fixed mapping rule between hop count and transmission resource, then the forwarding resources can be uniquely determined by 1-hop resource. V2X source node transmits SA and DENM, indicates DENM resource information in SA; V2X nodes that directly received the SA/DENM message are regarded as 2-hop nodes, transmit received SA and DENM messages on forwarding resources calculated through 1-hop SA/DENM resource location (for DENM with retransmission, first/last resource can be chosen); the receiving-forwarding process repeats until restricted by maximum hop. This option can perform multi-hop resource allocation without extra cost on PC5 interface.


Figure 2 Resource allocation with cooperative diversity based on Rel-12 D2D communication, option 1
· Option 2 (figure 3): SA indicates forwarding resource (including SA and DENM) of each subsequent hop. V2X source node transmits SA and DENM, indicates DENM resource and subsequent forwarding SA/DENM resource of each hop in SA; involved 2-hop nodes receive 1-hop SA/DENM, forward them using 2-hop SA/DENM resource indicated in received SA; the receiving-forwarding process repeats until restricted by maximum hop. This option is more flexible and is able to avoid potential successive multi-hop collisions in option 1 at the cost of introducing extra SA content.


Figure 3 Cooperative diversity scheduling mechanism based on Rel-12 D2D communication, option 2
In above figures, the forwarding resources locate at next resource pool, thus traffic latency increases linearly with maximum hop number, e.g. a 3-hop DENM message transmission with Rel-12 D2D Communication pool length 40 subframes needs 120ms. For the purpose of reducing transmission latency, with appropriate maximum hop count restriction the multi-hop transmission process can finish in one SA/data period through scheduling 1-hop and forwarding SA/DENM resources in the same period of resource pool. 
Both option 1 and option 2 have low implementation complexity which is independent of topology. For the given traffic, the overall resource occupation can be reduced to maximum hop number. Traffic propagation range can be controlled by indicating relevant parameters such as maximum hop, forwarding RSRP threshold, geographical forwarding direction, node/message group, etc.
Proposal 2: In V2X resource allocation with cooperative diversity, nodes with same hop count use same transmission resource. Multi-hop resources should be determined at source node, then indicated in original and forwarding SA messages, or bound to hop count.
When multiple V2X nodes tend to transmit DENM messages, both centralized and distributed scheduling mechanism should be considered.
· Centralized scheduling: Above calling V2X nodes unicast DENM message transmission requests to eNodeB, or eNodeB overhears broadcasted requests. eNodeB selects a primary calling node, allocates corresponding multi-hop resources and broadcasts the competition result, then the chosen V2X node could start DENM transmission; or eNodeB obtains DENM message from the chosen primary calling node, then starts DENM transmission directly. If V2X nodes are out-of-coverage, some special control nodes can play the role of eNodeB.
· Distributed scheduling: In this scenario there are no uniform control nodes existing, thus V2X nodes need to use configured/pre-configured competition strategies to decide a primary calling node. Priority criteria such as V2X node identity, DENM message type and DENM transmission group could be used.
Proposal 3: Both centralized and distributed scheduling strategy for cooperative diversity should be considered.

Conclusion
Proposal 1: Cooperative diversity can be introduced to V2X services, especially for multi-hop DENM message transmission. If Rel-12 D2D communication mechanism is reused, both SA and data message can be transmitted cooperatively.
Proposal 2: In V2X resource allocation with cooperative diversity, nodes with same hop count use same transmission resource. Multi-hop resources should be determined at source node, then indicated in original and forwarding SA messages, or bound to hop count.
Proposal 3: Both centralized and distributed scheduling strategy for cooperative diversity should be considered.
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