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1 Introduction
In RAN1 #83 meeting, resource allocation for V2V was discussed. UE autonomous resource selection principles were agreed in [1]: 
· Enhancement to UE autonomous resource selection
· Collision avoidance based on sensing (P1), enhanced random resource selection (P2), and location-based resource selection (P3) are shown to provide gain when each of them is evaluated individually.
· Further discussion is needed to identify whether operating a combination of the principles provides more gain than operating an individual principle.
· It is understood that a combination of P1 and P2 is possible at least in the following example:
· In resource selection, a UE by sensing excludes the resources that will be occupied by other UEs, and the enhanced random selection applies to the remaining resources.

· It is understood that a combination of P1 and P3 is possible at least in the following example:
· Subsets of resources are associated with sets of UE location, and a UE performs P1 in the subset which is associated with its current location.
· It is understood that a combination of P2 and P3 is possible at least in the following example:
· Subsets of resources are associated with sets of UE location, and a UE performs P2 in the subset which is associated with its current location.
· Details FFS
In this contribution, we discuss UE autonomous resource selection and some potential mechanisms to reduce resource collision.
2 Discussions
2.1 Issues with UE autonomous resource 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 selects the same resources, i.e., collisions happen at the receiver. The collision probability of random selection was evaluated in [3]. One observation was 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 large number of collisions increases latency, making it difficult to meet the 100ms latency requirement. We note the collision problem for Rel. 12 random selection is more severe for V2V than for D2D.
Observation 1: The collision problem for Rel. 12 random selection is more severe for V2V than for D2D.
2.2 Enhancements for resource selection mechanism
2.2.1 Collision avoidance based on sensing (P1)
Before transmitting, a UE senses the resources of a preconfigured or semi-statically configured resource pool for mode 2 to determine 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 the transmitting UEs can transmit on the same data resources or some known resources derived from the first transmission resource for several subsequent SA periods. Then, the sensing results 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 available. Only the available resources should be selected for transmission. Additionally, according to the analysis in [4], muting can also reduce resource collision especially in high density urban areas. A muting UE can detect whether there is another UE transmitting in the same subframe.
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, a UE 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
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
Proposal 1: sensing with resource reservation is supported

2.2.2 Enhanced random resource selection (P2)
In Rel. 12 D2D, randomization is a basic principle. Time and frequency resources are randomly selected by UE (in Mode 2). According to the discussion of Section 2.1, resource collision for PC5 based V2V can be a more serious issue because packet size is increased and there is a large number of UEs in target coverage in dense UE deployment scenario such as urban. Since the T-RPT in Rel. 12 D2D can only indicate at most 128 patterns in the time domain, and if two UEs select the same pattern, there will be resource collision in all 4 transmissions. So a possible enhancement is to increase the number of resource patterns. 
Figure 3 is performance comparison of two different T-RPT methods. It is assumed that the period is 40ms and each data will be transmitted 4 times. In method 1, the first transmission is randomly sent in the first 10ms, and the time resources of the subsequent transmissions are based on the first transmission, e.g. interval is 10ms, which is similar to the mechanism of T-RPT in Rel. 12 D2D. Method 2 randomly selects any 4 subframes within 40ms. As shown in Figure 3, the performance of method 2 is much better than method 1. 
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Figure 3. Comparison of method 1 and method 2 in freeway scenarios
Observation 2: Enhanced randomization can improve performance. 
Proposal 2: Increasing T-RPT patterns is an effective way to enhance randomization.
For method 2, there are 91390 patterns; implying 17 bits are needed. However, the T-RPT in Rel. 12 D2D is only 7 bits. To improve performance, some extra bits should be introduced for the T-RPT in SA. 
Proposal 3: Extra bits are needed in the SA to indicate the larger number of T-RPT patterns.
Additionally, increasing randomization by increasing the number of resource patterns can also be used for mode 1, This is particularly helpful for inter-cell interference. Another possible enhancement for randomization is to have a "floating offset" for each UE’s resource pool period, as described in [5].
2.2.3 Location-based resource allocation (P3)
Location-based resource allocation is different than sensing and randomization. This principle may be implemented based on geographical location and/or direction/lanes. Vehicular UEs at the same location and in the same direction/lane may be considered as a group, and eNB/RSU can pre-configure or configure resource pools for different groups. The UEs in the same group utilize the resources of the same pool to transmit messages. Additionally, if the geographical locations of two groups are far away, those groups can share the same resource pool. The benefit is that the resource efficiency can be improved and interference can be controlled. 
Observation 3: Location-based resource allocation can improve resource efficiency.
For a group of low UE density, the number of UEs is smaller; resulting in a lower occupied ratio of the resource pool and possible resource wastage. In contrast, for a group of high UE density, the occupied ratio is higher, and there is collision problem.
As shown in Figure 4, it is assumed there is one UE in group C and N (N stands for many more) UEs in group A. Before grouping, N+1 UEs share the resources of resource pool A and pool C. With location-based grouping, the N UEs in group A would use the resources of pool A while the one UE in group C would use the resources of pool C. Resource collision could be more severe for group A. Therefore, a potential enhancement for location-based resource allocation is suggested. We propose eNB/RSU could assist location-based resource allocation and partition the resource pool based on the group size. 
Proposal 4: eNB/RSU could assist location-based resource allocation.
As shown in Figure 4, transmission resource pool adaptation is based on group size. The location of the UEs in group A is different from that of the UEs in group B. But the number of UEs in group A is larger than that of group B. In other words, the size of group A is larger than that of group B. According to the group size, eNB/RSU can partition the resource pool for group A and group B. Resource pool A will be larger than the resource pool B so that resources in both pools can be fully utilized. It is also beneficial to have different resource pools for UEs going in different directions. The UE density in different directions is generally not the same. Having UEs going in different directions is a simple way to provide adequate reliability by adapting to speed and vehicle density. For example in Figure 4, the UEs density and speed going in direction 1 are different than those going in direction 2. Therefore, the corresponding resource pools are different (pool A and pool C, respectively).
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Figure 4. An example of transmission resource pool adaptation based on group size
2.2.4 Combination of P1 and P3
The UEs of different location and/or different direction occupy different resource pools, and it is assumed that the resource pools are separated. For example, the UEs of group A should not use the resources in pool B, and vice versa. If the resource pool is not sized appropriately, there can be a wastage of resources or a large number of collisions. A potential enhancement is to adjust the pool size in each location based on sensing results. For example, after the eNB/RSU adjust the pool size based on the group size or density, the vehicles UEs in different groups sense vacant resources from the adjusted pool.
2.2.5 Combination of P2 and P3
According to the discussion of Sections 2.2.2 and 2.2.3, the UEs of different location and /or different direction occupy different resource pools. The UEs of the same group randomly select resources with equal probability from the corresponding pool. For higher UE density (e.g. urban scenarios), since the collision probability for UEs in the same group is more severe, eNB/RSU could adjust the pool size according the UE density. For higher UE density, the size of corresponding pool adjusted is larger; for lower UE density, the size of corresponding pool adjusted is smaller. The result is that the resource collision probability is reduced to a certain extent.
2.2.6 Combination of P1 and P2
According to the discussion of Sections 2.2.1 and 2.2.2, both enhanced randomization and sensing can effectively avoid collision, but enhanced randomization needs to consider the increasing number of resource patterns. If enhanced randomization and sensing are combined, the resource collision could be effectively reduced. For example, when the UE density is high, UEs use sensing to select resources; when the UE density is low, UEs use enhanced randomization to select resources. As a result, resource collision is effectively avoided. The combination of P1 and P2 is particularly effective when sensing is used with reservation.
According to the above analysis, we give the following observation:
Observation 4: The combination of principles is more beneficial in reducing resource collision than an individual principle.
3 Conclusion
This contribution discussed the potential enhancement for UE autonomous resource selection, and the conclusion are following:
Observation 1: The collision problem for Rel. 12 random selection is more severe for V2V than for D2D.
Observation 2: Enhanced randomization can improve performance.
Observation 3: Location-based resource allocation can improve resource efficiency.
Observation 4: The combination of principles is more beneficial in reducing resource collision than an individual principle.
Proposal 1: sensing with resource reservation is supported

Proposal 2: Increasing T-RPT patterns is an effective way to enhance randomization.
Proposal 3: Extra bits are needed in the SA to indicate the larger number of T-RPT patterns.
Proposal 4: eNB/RSU could assist location-based resource allocation.
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