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1 Introduction

In RAN1 #76 meeting, two modes were defined for D2D communication resource allocation [1]. For Mode 2 communication, the resources used for direct transmission are selected by UE itself from resource pool. How to select resources for a D2D UE should be discussed.
In the last RAN1 meeting (RAN1 #77), some basic methods for Mode 2 resource selection were proposed. A way forward [2] proposed for resource selection in Mode 2 communication based on sensing the channel for a period of time. Another contribution [3] proposed random selection as baseline for Mode 2 resource selection and some congestion control mechanism such as slotted aloha or sensing may be introduced in a later release depending on further study.

In [4], Mode 2 resource allocation is discussed, including the resource pool design, and the detailed resource selection procedure. In this contribution, the average collision probability and resource utilization of Mode 2 is analyzed for some candidate solutions. 

2 Evaluation on Mode 2 resource allocation for D2D
2.1 Candidate solutions for Mode 2 resource selection

Four candidate solutions for Mode 2 resources selection are evaluated:
· Solution 1: Random selection
· Select -> Transmit
· Transmitting UE randomly selects one resource unit from the resource pool with equal probability. 
· Then the UE transmits on the selected resource without any collision avoidance mechanism.
· Solution 2: Sensing
· Sense-> Select -> Transmit
· Transmitting UE performs sensing to obtain a set of available resources. The occupied resources are precluded from the resource pool. Besides the occupied resource, the other resources in the resource pool are considered available.

· The UE randomly selects one resource unit from the available resources with equal probability. 
· Then the UE transmits on the selected resource.
· Solution 3: Announcement 
· Select -> Announce/Judge -> Transmit
· Transmitting UE randomly selects one resource unit from the available resources with equal probability. 
· The UE announces the resource to let others know about the selected resource and also receive other transmitters’ announcements. The UE compares its resource index with others. If there are some other UEs who select the same resource unit, then reselect another resource unit. 
· Then the UE transmits on the selected resource.
· Solution 4: Sensing+ Announcement
· Sense-> Select -> Announce/Judge -> Transmit
· Transmitting UE performs sensing to obtain a set of available resources. The occupied resources are precluded from the resource pool. Besides the occupied resource, the other resources in the resource pool are considered available.

· The UE randomly selects one resource unit from the available resources with equal probability. 
· The UE announces to let others know about the selected resource and also receive other transmitters’ announcements. The UE compares its resource index with others. If there are some other UEs who select the same resource unit, then reselect another resource unit. 

· Then the UE transmits on the selected resource.
2.2 Collision probability
Figure 1 shows the average collision probability for different candidate solutions. The average collision probability means that from a single UE’s perspective what is the average probability of failing to obtain a resource without collision with other UEs. From Figure 1, we can see that the average collision probability increases as the ratio of the number of Tx UEs to the number of resources increases. Given a certain number of resources, more transmitting UEs cause more collisions. If the number of transmitting UEs is fixed, then more predefined/semi-statically allocated resources would lead to fewer collisions.
As seen in the figure, in random selection mechanism, a transmitting UE can hardly contend for a resource when the number of transmitting UEs is beyond 2.3 times the number of resources with the average collision probability over 90%. With sensing introduced, when the number of Tx UEs is beyond 2.4 multiples of the number of resources, the average collision probability is over 90%. And for the other two enhanced mechanisms, when the number of Tx UEs is beyond 2.85 multiples of the number of resources, the average collision probability is over 90%. If we want to set the target average collision probability for Mode 2 to be 50%, then we should control the ratio of the number of Tx UEs and the number of resources to be 0.7, 0.96, 1.17, and 1.24 respectively for solutions 1-4.

For a given ratio of the number of Tx UEs and the number of resources e.g. 0.5, the average collision probabilities for solutions 1-4 are 39%, 26%, 14%, and 9% respectively. When the ratio of the number of Tx UEs and the number of resources is 1, i.e. the number of Tx UEs is equal to the number of resources, the average collision probabilities for solutions 1-4 are 63%, 52%, 41%, and 36% respectively. Compared with the random selection mechanism, the average collision probability can be obviously reduced by sensing and announcement.
Based on the simulation results, we have the observation:

Observation 1: Compared with the random selection mechanism, the average collision probability can be reduced noticeably by sensing and announcement.
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Figure 1. Average collision probability
2.3 Resource utilization
Figure 2 shows the rate of resource utilization in a predefined/semi-statically allocated resource pool for Mode 2. The rate of resource utilization is calculated by the dividing the number of successfully selected resources by only one UE to the number of resources of the resource pool. There are also some collided resources which are selected by more than one UE and some resources which are not selected by any UEs.
From Figure 2, we can see that the rate of resource utilization increases as the ratio of the number of Tx UEs to the number of resources increases till the ratio becomes 1. Afterwards, the rate decreases. The best performance of random selection mechanism happens at about 37%. While the other three enhanced mechanisms can achieve resource utilization rates as high as 49%, 59%, and 64% respectively. The best resource utilization occurs when the number of Tx UEs equals the number of resources. Compared with the random selection mechanism, the resource utilization rate can be increased using the sensing and announcement method.

Based on the simulation results, we have the following observation:

Observation 2: Compared with the random selection mechanism, the resource utilization rate is increased using the sensing and announcement method.
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Figure 2. Rate of resource utilization
Based on the above analysis, we propose:

Proposal: The sensing and announcement mechanism should be introduced to minimize the collisions in Mode 2.
3 Conclusion

In this contribution, the average collision probability of Mode 2 is estimated and performance comparisons among some candidate solutions for Mode 2 resources selection are provided. 

Based on the evaluation, we have the following observations:
Observation 1: Compared with the random selection mechanism, the average collision probability can be reduced noticeably by sensing and announcement.
Observation 2: Compared with the random selection mechanism, the resource utilization rate is increased using the sensing and announcement method.
Based on the above analysis, we propose:

Proposal: The sensing and announcement mechanism should be introduced to minimize the collisions in Mode 2.
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