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1 Introduction

In RAN1 #82bis meeting, resource allocation for V2V was discussed. Some agreements on enhancements to resource selection/structure were reached:
· The resource allocation principles listed below should be studied for PC5-based V2V (note that other schemes are not precluded):

· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.

· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

In this contribution, these FFS issues are discussed and some potential mechanisms to reduce resource collision on the PC5 interface are discussed and evaluated by means of system simulations. 

2 Discussion
2.1 Issues with autonomous selection
With D2D mode 2 communication, a UE autonomously selects resources from the SA resource pool to transmit its control information and from the data resource pool to transmit data. Since there is no centralized controller in mode 2, each transmitting UE can select resources with equal probability from the resource pools for SA/data transmission. Thus, there may be more than one UE who select the same resources, i.e., collision happens. The collision probability of random selection was evaluated in [2]. It was identified that when the number of transmitting UEs is beyond 2.3 times the number of resources, the average collision probability is over 90% using the D2D Rel-12 evaluation methodology. 
Collision for V2V is a more severe problem than for Rel-12 D2D since the UE density is higher than a D2D public safety deployment, especially for urban scenarios. Furthermore, a high level of collision increases latency which makes it difficult to meet the 100ms latency requirement. 
Based on the above discussion and analysis, we have the following observation.

Observation 1: The collision problem for Mode 2 random selection is more severe for V2V than for D2D. 
Some detailed issues are discussed as follows.
2.1.1 Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level
Some schemes [3] were discussed in Rel-12 D2D and were shown to be effective at identifying collision for D2D with either energy or sequence detection. However, no solution was standardized due to lack of time.
There are fields in SA indicating both frequency and time domain resource occupied for each transmission. This can be used to identify occupied resource by having a UE reading the other UEs’ SA. In section 2.2.1, a sensing scheme is proposed based on these principles.  
2.1.2 How to select the resources for transmission
As defined in Mode 2 communication, the transmitting UE autonomously selects the resource for transmission within the resource pools. For in coverage scenario, the resource pools are configured by eNB. For out-of-coverage scenario, the resource pools are preconfigured. If there are many pools, e.g. 4 resource pools for SA, the transmitting UE who wants to transmit SA should first select a resource pool from the 4 resource pools, then it can select the dedicated resource from the selected resource pool for SA transmission.
2.1.3 Whether a UE performs the resource selection procedure for every transmission
There are two disadvantages if a UE performs the resource selection procedure for every transmission. First, from the system perspective, the number of UEs participating in the resource contention will increase, which will cause more collision. Second, from the transmitting UEs’ perspective, the UE needs to select resource each time a packet needs to be transmitted, which introduces additional latency. A UE should not perform the resource selection procedure for each transmission. This is especially true for V2V traffic, where most of the traffic follows a periodic pattern.
2.1.4 Whether signaling from eNB or another UE is beneficial
Since each transmitting UE can select resources with equal probability from the resource pools, more information can help a UE make better selection. Signaling from eNB or another UE is beneficial for collision handling to provide additional information. Detailed discussion can be found in section 2.2.2 and 2.2.3.
2.2 Possible enhancement
Since with random resource selection the collision probability is large, it is necessary to consider some enhancements to mode-2. Three possible enhancements are discussed in this section.

· Sensing

· Resource reservation
· eNB-assisted access
2.2.1 Sensing
Before transmitting, a UE senses the resources in a preconfigured or semi-statically configured resource pool for mode 2 to learn which resources are already occupied by others UEs. Sensing can be performed for a certain duration of time or in each SA period to get average statistics (statistical sensing). It should be assumed that transmitting UEs can transmit on the same data resources or some known resources derived from the first transmission resource in the following several SA periods. Then, the sensing result can be applied to the following SA periods. 
Sensing can be based on e.g., energy detection. For example, the UE measures RSRP of each resource units in the (pre)configured resource pool. If the measurement result exceeds a predefined threshold, the corresponding resource should be considered as occupied, otherwise it is available. Through sensing, transmitting UEs can know which resources are already occupied by other transmitters and which resources are still available. Only the available resources should be selected for transmission. Sensing before transmitting can avoid selecting occupied resources.
As shown in Figure 1 with SA resource pool as an example, the blue resources are occupied while the white resources are available. After sensing, UEs determines that only the white resources are available and randomly selects a resource from the white resources for direct transmission.
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Figure 1. Sensing
2.2.2 Resource reservation
Resource reservation procedure can also be used to reduce resource collision. With resource reservation, the time-frequency resources used to transmit V2V data also carry a reservation indicator to indicate that this resource pattern will be reserved in the next transmission period(s). Other UEs, who are also going to transmit, when receiving the reservation indicator, will not select this resource pattern in the next transmission period. 
More specifically, each transmitting UE attempts to decode all the received data before its transmission. A resource pattern consisting of SA resources and data resources is considered occupied if the associated V2V data is successfully decoded (i.e. both SA and data) and a reservation indicator is included. Otherwise it is available. The reservation indicator can be included in SA field or data field, although the SA field seems more appropriate. 
Based on the decoding procedure, each transmitting UE obtains a set of available resources before transmitting. As shown in Figure 2, the red pattern and green pattern are reserved while the white resources show the available resources still available. After this procedure, a transmitting UE randomly selects a resource pattern from the available resources and uses it to transmit V2V data and reservation indicator for a number of the following transmission periods. The transmitting UE will reselect an available resource pattern after N transmissions, if it still has data to transmit.
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Figure 2. Resource reservation
Note that the transmission period is different than the D2D SA period, and it could be configured based on the traffic characteristics of V2V services, such as 100 ms, as explained in [4].
If two UEs in proximity reserve the same resources from the available resources, a resource collision will happen in the next several transmission periods. Two far away UEs using the same resource may collide as well after moving closer. This will degrade performance. There are easy ways to solve these issues. For instance, a UE can mute in some transmission occasions to detect whether there is transmission collision and can select another resource if needed. Some coordination information broadcasted by a third UE being detected collision on PC5 could help collision UEs to be aware of the collision. 
2.2.3 eNB-assisted access
If UEs are in coverage, collision resolution can be handled by the eNB since the eNB may have more information than an individual UE.. 
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Figure 3. eNB-assisted access
Figure 3 illustrates a collision happening in network. Four UEs in the cell contend for three available resources. Initially, UE1 and UE2 autonomously select the same gray resource. Collision is detected by UE1 (e.g., by UE1 sensing the gray resource). Without the eNB involvement, UE1 may select any resource that it considers available, either the green or red resource based on its own sensing. This is suboptimal because hidden node UE4 is already using the red resource. If the eNB collects the information from both UE1 and UE2, eNB can then signal UE1 that using the red resource will cause potential collision at UE2, and UE1 then can choose the green resource autonomously. eNB may even directly signal UE1 to use the green resource. 
Besides, eNB-assisted access helps alleviate the inter-cell collision problem. When two neighboring cells select the same Mode2 resource for two adjacent cell edge users, the collision may be very severe, but UE autonomous resource allocation procedure may understand the collision as intra-cell congestion. eNB can distribute pre-configured orthogonal  resource for edge users such that inter-cell collision is solved.

2.3 Simulation Results

In this simulation, we combine the sensing scheme in 2.2.1 with resource reservation in 2.2.2. Figure 4 shows the simulation results for the highway 140km/h scenario.. The simulation result demonstrates that the performances of both of the two techniques are better compared with Mode 2 baseline. eNB assisted access can bring almost 25% gain compared with Mode 2 baseline when the distance is 300m. Resource reservation can bring almost 15% gain compared with Mode 2 baseline when the distance is 300m.
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Figure 4. Simulation results for highway 140km/h

Based on the discussion and simulation results, we have the following proposal.

Proposal 1: The following techniques and simulation results should be captured in the TR.
· Sensing

· Resource reservation
· eNB-assisted access
3 Conclusion

In this contribution, these FFS issues are discussed and some potential solutions to reduce resource collision on the PC5 interface for V2V services are provided.
Based on the discussion and analysis, we have the following observations and proposals.

Observation 1: The collision problem for Mode 2 random selection is more severe for V2V than for D2D. 
Proposal 1: The following techniques and simulation results should be captured in the TR.
· Sensing

· Resource reservation
· eNB-assisted access
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