3GPP TSG RAN WG1 Meeting #82b
R1-155662
Malmo, Sweden, Oct 5 – 9, 2015

Agenda Item:
7.2.8.2.1
Source:
Huawei, HiSilicon
Title:
Overview of resource allocation mechanism for V2V
Document for:
Discussion and decision
1 Introduction
At the RAN #68 meeting, a SI on the “Feasibility Study on LTE-based V2X Services” [1] was approved with the following objective:

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]

Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.
The V2V traffic is substantially different that the traffic expected for D2D. In particular, there typically is a periodical component of the traffic, and event-triggered messages sent e.g., in case of emergency. The traffic characteristics create unique challenges for resource allocation. 

In this paper, we present our views on the resource allocation for V2V for both mode-1 and mode-2. Companion papers [2] and [3] provide more details of enhancement on each mode. 
2 Overview of resource allocation mechanism
In this section, we discuss how to perform efficient resource allocation for V2V in order to address the unique characteristics of V2V traffic.
2.1 High priority users

V2X traffic of some vehicles (e.g., emergency services) has higher priority than 'regular' cars. Traffic for higher priority vehicles should be transmitted over a longer range: for instance, an ambulance needs to make sure the road is clear, and it is beneficial if vehicles in front are notified earlier. In addition, the reliability requirements for high priority users may be higher than for regular users. This can be accommodated by having high priority UEs transmitting with a higher number of retransmissions, as proposed in [2], or at higher power, as proposed in [6].
Proposal 1: Vehicles of higher priority can transmit at higher transmit power and with a higher number of retransmissions.

2.2 Dual mode-1/mode-2 operation
D2D communication mode 1 and mode 2 were designed with different goals. D2D mode 1 is more reliable and robust and does not suffer from collisions, but requires some signalling exchange with the eNB. D2D mode 2 is fully distributed and requires less message exchanges with the network, but suffers from more collisions. Given the characteristics of each mode, having a UE being able to simultaneously operate in both mode-1 and mode-2 (dual mode-1/mode-2 operation) can be beneficial. 
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Figure 1 Dual Mode 1/Mode 2 operation 
As shown in Figure 1, the traffic of a vehicle can be transmitted either in the mode 1 resource pool or the mode 2 resource pool. A logical split for the traffic can be as follows: 
· The periodical component of the D2D traffic can be transmitted in the mode 1 pool with some enhancements (e.g., SPS) to send the regular packets of multiple UEs without collision.

· The event-triggered messages can be transmitted in the mode 2 pool since sending a single packet with mode-1 may incur a relatively high overhead, especially if the packet is small (e.g., 50B). 
On the other hand, if event-triggered messages are considered more important than regular periodical messages in a sense, mode 1 is still preferred to ensure high reliability for this transmission.

Proposal 2: Different resource pools are used for periodic traffic and event-triggered traffic. A UE can simultaneously use both mode 1 and mode 2 for V2V transmission.
2.3 Message size
Regarding periodic messages, according to the analysis of traffic characteristics [4], the payload size of messages with the current traffic model can cover more than 90% cases, which can be viewed as the typical periodic message sizes though it may vary slightly. As a result, 190B and 300B payloads can map to 2 basic resource units for resource partitioning. There may be basic resource unit partition for event-triggered messages as well to reduce the collisions caused by transmissions with random starting points in the frequency domain.

Proposal 3: Typical message sizes (190B, 300B) can map to 2 basic resource units for resource partition. 
2.4 Resource pool design
Time resources should be separated for periodical resource pool(s) and event-triggered resource pool(s) within 100ms periodicity to make sure periodical messages can be efficiently transmitted and event-triggered messages can be successfully transmitted and received. The ratio between the 2 types of resource pools can be (pre-)configured according to traffic characteristics. 
Resources in a pool can be divided into basic blocks according to the typical message sizes and their radio. For example, resources for periodic messages can be 4 smaller resources (190B messages); 1 bigger resource (300B messages). Furthermore, resources can be linked across periods to form virtual channels. 
Proposal 4: The ratio between the periodical resource pool(s) and event-triggered resource pool(s) can be (pre-)configured according to traffic characteristics.

2.5 Resource pool periodicity

V2V traffic has a periodicity of multiple of 100ms or multiple of 100ms periodicity. The D2D resource pool periodicity was selected to be a multiple of 40ms. As discussed in previous sections, periodic pool and event-triggered pool both should meet the multiple of 100ms periodicity, therefore, in order to meet the tight latency requirement and match the traffic characteristics, we propose to support resource pool periodicities that are multiple of [10ms, 20ms, 50ms] for V2V. Note that this applies for resource pools for both mode 1 and mode 2.
Proposal 5: Support resource pool periodicities of multiple of [10ms, 20ms, 50ms].
3 Conclusions
In this contribution, resource allocation mechanism is discussed from the aspects of priority, multiplexing, resource partition and periodicity. We propose:
Proposal 1: Vehicles of higher priority can transmit at higher transmit power and with a higher number of retransmissions.

Proposal 2: Different resource pools are used for periodic traffic and event-triggered traffic. A UE can simultaneously use both mode 1 and mode 2 for V2V transmission.

Proposal 3: Typical message sizes (190B, 300B) can map to 2 basic resource units for resource partition.

Proposal 4: The ratio between the periodical resource pool(s) and event-triggered resource pool(s) can be (pre-)configured according to traffic characteristics.

Proposal 5: Support resource pool periodicities of multiple of [10ms, 20ms, 50ms].
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