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Introduction
In RAN#68 a new SI was approved on LTE-Based V2X Services [1], one of the SI objectives is as follows:
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]
b) Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]

In this contribution we focus on aspects related to resource allocation to support V2V services, and we discuss potential enhancements where appropriate. Considerations on support of V2V over Uu or on support to other V2X services are not included in this contribution. 

Principles for resource allocation for V2V communications
In RAN1#82bis several principles have been agreed on for further study of V2X communications, in particular regarding V2V communications [2]. In this contribution we discuss some of the agreed principles and the potential impact on V2V operation and performance.
Enhancements to resource selection/structure
As concluded in RAN1#82bis the current mechanisms for resource allocation given by PC5 Mode 2 operation are not sufficient for PC5 V2V. Since transmissions are not limited by link budget [3, 4], the main limitations arise from collisions and resource availability, in particular in urban scenario with slowly moving vehicles, as it corresponds to the highest vehicle density in the simulation scenarios agreed by RAN1. While for Mode 1 of PC5-C the eNB can manage the resource allocations in a cell in order to avoid collisions in air interface, at least among UEs coordinated by the same eNB, the main limitation on V2V performance is essentially the random resource selection in Mode 2, which is memoryless across SCI periods, and hence provide limited opportunity for UEs to avoid each other’s transmission. 
Currently, avoiding transmissions in same resources is possible only in case UEs decode each other’s SCI and then avoid data transmission in case of colliding resources are identified in SCI. However, there are no standardized mechanisms to allow proper prioritization of transmissions in this case, which prevents efficient implementations. Given that collision resolution is clearly a significant challenge for PC5 V2V, mechanisms to allow collision resolution within an SCI period should be considered in addition to collision avoidance between SCI periods.
Observation 1: Collision resolution within an SCI period is only possible when there is TDM between SCI and data transmissions, as in current Sidelink specifications. 
Proposal 1: Mechanisms for avoiding collisions within an SCI period should be considered further for PC5 V2V.

In order to incorporate collision avoidance mechanisms in PC5 across SCI periods, it is required to add correlation in time between the resource allocations used in a certain SCI period and those that will be used in next SCI period(s). The simplest example of such resource allocation strategy is that a certain resource allocation is maintained for a pre-defined number of SCI periods. In order to avoid systematic collisions, even if for a relatively short period of time, it is also possible to incorporate a probability with which the UE is expected to maintain the previous resource allocation. With such memory added to resource allocations it is possible to allow a UE to predict which resources are more likely to be free in next SCI period, and hence it can minimize the probability of collisions, at least in its local neighborhood.
Observation 2: RAN1 should study mechanisms to allow UEs to predict which resources are more likely to be available in next SCI period, in order to minimize collision probability.

Scheduling assignment
In case the resource allocation in current and following N-1 SCI periods are the same, or equivalently following a deterministic pattern, the resource allocations in the N SCI periods are essentially determined by the contents the SCI that schedules the first of the N transmissions. From this point of view it is tempting to define the mapping between Sidelink control and data such that one single Sidelink control message schedules several data periods, as proposed in [5]. However, the reliability of reception of V2V messages is defined in SA1 [6] as two separate criteria: “Minimum radio layer message reception reliability (probability that the recipient gets it within 100ms)” and “Cumulative transmission reliability”. The example values of “Cumulative transmission reliability” included in [6] assume two independent instances of data transmission, as defined in [7]:
“(…)each physical-layer one-shot transmission can be viewed as an independent trial with a yes/no (receive/fail to receive) outcome, with probability p (where p is around 90%).”
In case two or more data transmissions are scheduled from a single SCI, the probability of reception of each data packet is dependent on the reception of such single SCI, and hence they are no longer independent. In fact, in case the reception of this single SCI fails, the reception of all subsequent data packets will fail as well. Depending on the value of N this may lead to significant amount of data packets being unavailable at the receiver who failed to receive the corresponding SCI. It is also unclear the impact to latency in case the transmitter is not able to send the SCI message at a certain point of time, e.g. due to conflict with UL transmission, though this also depends on what kind of mapping is defined between SCI and data resource pools.
Observation 3: Scheduling of two or more data packets from a single PSCCH should be avoided as this would violate the principle of independent reception of data packets, with implication to the expected cumulative reliability as defined by SA1.

Resource selection based on transmitter-specific information
Other principles have been agreed for further study in RAN1#82bis which aim at managing resource utilization by different UEs by taking into account information about the transmitter that is not directly related to radio conditions. For example UE velocity, position, direction of movement, or some possible combination of those variables. Given that it is expected that all vehicles supporting V2X services are equipped with GNSS receiver for acquiring position information, such propositions are tempting. However, one should note that PC5 V2V needs to work also in the absence of reliable GNSS reception, as agreed in RAN1#82bis:
Agreements:
(…)
· Priority of other synchronization source needs further study
· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied
· RAN1 will not optimize only for this scenario
· This scenario needs to be supported from the synchronization perspective

Hence, any resource allocation mechanism supporting V2V needs to take into account that GNSS information may not be available at all times, and hence it cannot depend solely on information provided by GNSS. This is particularly true considering that lack of GNSS information is not necessarily an independent event, but in some practical cases it might be a rather correlated event among UEs, e.g. inside tunnels.
Another important issue to consider when studying resource allocation schemes for PC5 V2V based on geographical coordinates, direction of movement, etc, is that such mechanisms should not be optimized only for the agreed simulation scenarios, but they also need to take into account the complexity of real-world streets and roads. While our simulation scenarios are capable of modeling the key challenges of scheduling and resource allocation with a given density of vehicles, in practice streets are not always defined in a rectangular grid, there may be curves in roads, crossings at different levels, roundabouts, etc, which should be taken into account in a resource allocation scheme based on geographical coordinates. Since such complexity is overwhelming and the list of scenarios is non-exhausting, it is rather recommended that the resource allocation scheme under study be generic enough to abstract the exact street/road layouts. 
Observation 4: The resource allocation schemes studied for PC5 V2V should avoid strong assumptions on street/road layouts, in order to ensure that the derived schemes are robust enough to be applicable to real-world scenarios.

Similar considerations can be made for power control schemes based on position or UE speeds [8]. While it is true that messages transmitted from a car that is moving slowly can be received at a shorter distance compared to cars in a highway, it is not always clear what is the speed of the car that is the receiver of such message. The SA1 requirements are based on relative velocity between cars, and hence it is not possible to guarantee the requirements are satisfied if the range (i.e. transmit power) is adapted based on the transmitter information only. 
For example, in case the lanes in a certain direction are congested, but the lane in the opposite direction is free, it is possible that a driver would try to move out of its own lane to overtake the slow cars or to turn at a crossing. In this case it is important that the car coming in the opposite direction with higher speed is able to receive such information in time in order to take appropriate measures. 
Observation 5: Mechanisms that limit the range of PC5 V2V transmissions based on transmitter information cannot satisfy SA1 requirements on all scenarios, as those requirements are based on relative speed between vehicles. Any mechanisms to reduce transmission power of PC5 V2V below maximum power should be generic enough to accommodate real-life scenarios and overall link budget required for PC5 V2V in general.

Other considerations
In addition to the resource allocation principles discussed in the previous section, we also believe it is relevant to consider some general aspects for PC5 V2V design, which are discussed below.
Communication groups
PC5-C is based on the concept of destination groups, and each transmission is addressed to one particular group. This information can be used in physical layer to filter relevant incoming messages, e.g. to provide power saving opportunities to the devices. However, it is questionable to which extent such approach is valid for PC5-V2V, as the meaning of groups is not clear in this case. In principle one could differentiate between messages intended to vehicles and pedestrians, for example, but it is not clear if this is possible, as it depends on the services to be supported. Hence, it is not clear if in physical layer one can rely on the filtering of messages based on physical layer IDs as a mechanism for power saving. This is particularly relevant to V2P communications, as pedestrians are certainly expected to carry battery-powered devices.  

Half-duplex operation
One of the notable limitations on using PC5 for V2V communications is the half-duplex operation, which essentially means that a UE that is transmitting on a certain TTI cannot listen to other transmissions on the same TTI. In PC5-C the main approach to mitigate such limitation is to rely on the T-RPTs to randomize the TTIs that are used for transmission by different UEs, and with that avoid systematic collisions on the resources used by different transmitters. In any case this only allows for opportunistic resolution of half-duplex constraint, because the only UEs who benefit from this are those that have relatively good channel condition towards the transmitters and hence are able to receive the data without utilizing all packet repetitions.

On the other hand the repetitions imply that more resources are utilized for each transport block compared to a single TTI transmission. Given that in PC5 V2V the main performance limitations come from the number of collisions rather than the link budget, it is relevant to study the trade-off between half-duplex resolution and resource allocation efficiency as a function of the number of repetitions.
Proposal 2: The trade-off between half-duplex resolution and resource allocation efficiency as a function of the number of repetitions should be further studied. 
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Conclusions 
In this contribution we have discussed aspects related to limitations on existing PC5 to support V2V services, and we discuss potential enhancements where appropriate. The main observations and proposals are 
Observation 1: Collision resolution within an SCI period is only possible when there is TDM between SCI and data transmissions, as in current Sidelink specifications. 
Proposal 1: Mechanisms for avoiding collisions within an SCI period should be considered further for PC5 V2V.
Observation 2: RAN1 should study mechanisms to allow UEs to predict which resources are more likely to be available in next SCI period, in order to minimize collision probability.
Observation 3: Scheduling of two or more data packets from a single PSCCH should be avoided as this would violate the principle of independent reception of data packets, with implication to the expected cumulative reliability as defined by SA1.
Observation 4: The resource allocation schemes studied for PC5 V2V should avoid strong assumptions on street/road layouts, in order to ensure that the derived schemes are robust enough to be applicable to real-world scenarios.
Observation 5: Mechanisms that limit the range of PC5 V2V transmissions based on transmitter information cannot satisfy SA1 requirements on all scenarios, as those requirements are based on relative speed between vehicles. Any mechanisms to reduce transmission power of PC5 V2V below maximum power should be generic enough to accommodate real-life scenarios and overall link budget required for PC5 V2V in general.
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