
3GPP TSG RAN WG1 Meeting #82bis
R1-155624
Malmo, Sweden, 5th – 9th October 2015
Agenda Item:
7.2.8.2.1
Source: 
Sony Corporation
Title:
PC5 enhancements on resource allocation for V2X Services
Document for:
Discussion
1. Introduction 
According to the agreed feasibility study on LTE-based V2X services SID, the necessity of PC5 enhancement on resource allocation has been addressed [1].
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]
This document identifies several enhancements need to be addressed in resource allocation to accommodate V2X services on PC5. 
2. Resource allocation enhancements for V2X
Latency is one of the most important requirements that shall be fulfilled for V2X services. The E-UTRAN shall support V2V applications with a maximum latency of 100 ms. This document elaborates potential solutions to reduce latency, mainly from the perspective of resource allocation enhancements.  
· Enhance local centralized resource allocation functionality
In V2X communications whenever the PC5 resources can be allocated and coordinated by the network (Rel-12 D2D scheduled resource allocation scheme), there is an opportunity to enhance the resource allocation functionality of the central node for V2X services. Where the infrastructure side is managed by RSUs, such an RSU would be the ideal entity to manage the resource allocation within its coverage. Compared with eNB-wide resource allocation for V2X, the RSU is closer to the end user (i.e. vehicle) and such local centralized resource allocation could have the advantage of autonomy and flexibility, as well as to reduce the signalling overhead on eNB. Furthermore, the resource collision is unavoidable in Rel-12 D2D autonomous resource allocation scheme. The use of autonomous resource allocation scheme not only reduces spectrum efficiency, but also increases latency. For certain safety critical messages, the extra delay is intolerable when end-to-end latencies of less than 100ms are expected. The RSU could work as a centre node to allocate resources for the vehicles instead of autonomous resource selection by themselves. With the existence of such a central node, the resource collisions could be dramatically reduced. 
With such local centralized resource allocation (by RSUs), by considering improving the delay performance, it is important to accelerate the RSU discovery procedure for the UEs to access the V2X services. Some assistance information, e.g. measurement reports, RSU location info etc. could be beneficial to speed up discovery procedure in order to minimize the latency in V2X transmission starting to take place. 
Proposal 1: Local centralized resource allocation scheme should be enhanced on PC5 for V2X.
· Introduce SPS (Semi-Persistent Scheduling) for V2X

As we describe in the companion contribution [2], various V2X services will be based on the periodical message transmission/broadcast, e.g. the vehicle needs to report its speed and direction information regularly as a broadcast message. It imposes great signalling overhead on the vehicle to ask for the resource allocation from eNB in scheduled resource allocation scheme. By considering the dense vehicle scenario in cities and multi-lane highways, and with maximum frequency of 10 messages per second, the signalling overhead becomes non-negligible and will degrade the delay performance dramatically.

As a semi-predefined manner of scheduled resource allocation, SPS will be beneficial for V2X for improving latency performance as well as to reduce the signalling overhead. The SPS resource configuration, detailed SA contents for SPS should be designated, together with the duty cycle design.

Moreover, as the vehicle is in most cases moving at high speed, it will frequently enter into/leave coverage of the message sender such as an RSU. Should the V2X resources to be allocated in consecutively passed areas be different, the coordination and signalling of those resources would need attention. It is important to grant the resource allocation to an approaching vehicle in a timely fashion, especially within the coverage of an infrastructure node such as RSU and eNB.  
Proposal 2: SPS enhancement in the context of schedule resource allocation scheme for V2X should be included in the study.
· Enhance resource pool structure and resource partitioning
In some situations, the vehicles running on the road go out of reach of any infrastructure coverage and the UEs can only access the PC5 interface independently, without the help of any centralised coordination. In such a situation, keeping the V2X latency requirements in mind, some pre-configured resource pools would be beneficial for V2X communication over the PC5 interface. In order to effectively handle the resources in the pool, it is envisaged that a scheme of partitioning the resources in the available pools could be one potential enhancement to improve latency performance through relating resource partitions with the actual clusters of physical vehicles.  With a finer granularity of the resource partition, and a pre-defined manner of its usage, the vehicles could quickly become aware of which resources are ready for use and they can initiate V2X communication on the corresponding resource partition. By considering the spatial reuse of the resource partitions, the spectral efficiency could be improved as well.
The dynamic and effective management of the partitioning of resource pools, as well as the management of the allocation/re-allocation of them to the vehicles is of vital importance. The task will become even more challenging by taking the real time complex road/traffic situations into account, for example, the partitioning of resource pool strategies for the merging and diverging lanes, different speeds of vehicles on adjacent lanes going into the same direction and the resource pattern for fleets driving in the opposite directions etc. 
Proposal 3: Resource pool partitioning strategy, as well as the allocation/re-allocation scheme needs more consideration.   
3. Conclusion

This document elaborates on the necessary enhancements to Rel-12 PC5 resource allocation schemes for V2X services. It identifies potential enhancement solutions to be considered. We therefore propose that RAN1 considers further studies on the identified solutions in the Rel-13 V2X study.
Proposal 1: Local centralized resource allocation scheme should be enhanced on PC5 for V2X.
Proposal 2: SPS enhancement in the context of schedule resource allocation scheme for V2X should be included in the study.
Proposal 3: Resource pool partitioning strategy, as well as the allocation/re-allocation scheme needs more consideration.   
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