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1 Introduction

The following agreements were captured in the V2X TR [1]:

· 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. 
· UE autonomous resource selection can be configured for a UE inside network coverage.

This contribution considers potential schemes to support collision avoidance in V2V communication.
2 Identification of possible collision
SA scan
There is a requirement for V2X communication that the E-UTRA(N) shall be able to support a high density of  UEs supporting V2X Service (See CPR-003 in [2]). With finite resources, autonomous resource selection options, and requirements for high reliability for safety, there is a need to mitigate collisions in V2V communication. As discussed in [3,4], there are multiple techniques proposed to identify possible collision such as energy detection or reading other UE’s SA (SA scan). Energy sensing is a well-known method for collision avoidance and has been adopted for V2V communication for Dedicated Short Range Communication (DSRC) in the 5.9 GHz band using IEEE 802.11p in the United States. Listen-Before-Talk (LBT) is also recently supported in 3GPP Rel-13 for License Assisted Access (LAA) for co-existence with unlicensed spectrum. LBT works by sensing energy in the time domain and works well when the resources are completely utilized in the time and frequency domain. However, LBT for V2X presents challenges since users can be scheduled in the frequency domain, making time domain energy sensing difficult to identify potential frequency resources for SA transmissions. Further the resources in time may not be completely used since V2V may share spectrum with UL, and one may mistake UL transmission for V2V transmission if reception pool is not configured [5] and only energy detect is used. The advantage of a SA scan is that one can read the contents of the SA to identify time/frequency resource allocation information, which can be valid for a long duration, eliminating need for continuous scanning. Also, given the dynamic nature of the environment with large density of UEs and mobility, scanning the SA of other UEs is a preferred approach for collision detection with high reliability until a viable method for energy detection is deemed possible. 
Proposal 1: Support SA Scan in Rel-14 V2V. Scan  SA of other UEs before transmitting to detect possible collision.  
Pool separation for mode 1 and mode 2 operation

One method to limit collision is to allocate separate transmission pools for mode 1 and mode 2 operation. In this case, the eNodeB can efficiently schedule at least the devices operating in mode 1 and the collision is limited to the pool supporting mode 2 devices. Separate reception pools could also be configured, however a common reception pool could also be utilized assuming the same message formats are utilized for both mode 1 and mode 2. This assumes sufficient resources exist to support separate pools for mode 1 and mode 2 devices. 
Proposal 2: Support separate pools for mode 1 and mode 2 operation to minimize collisions
Mode 2 operation with network assistance
The eNodeB may configure certain vehicles in the network to operate under mode 2 if mode 1 resources are not available. Furthermore, for vehicles that have just entered the cell from neighboring cells, mode 2 autonomous allocation may be a possible option until the network provides a mode 1 configuration for the device. In such cases, it may be beneficial to support mode 2 operation with network assistance to minimize collisions. 
There is also a requirement that the E-UTRA(N) shall be capable of transferring periodic broadcast messages between two UEs supporting V2X Services with variable message payloads of 50-300 bytes, not including security-related message component (See CPR-019 in [2]). For many V2V data services, the message sizes are relatively invariable and the inter-arrival time of transmission is constant (for example, the CAM messages are periodic with frequency of 1-10 Hz). Given that the CAM messages are fairly periodic, they can be scheduled without changing the resource allocation every transmission period (also, see discussion in section 2.1.3 in [4]), possibly with semi-persistent scheduling. This not only minimizes control overhead but also minimizes collisions for control. 
The semi-periodic nature of transmissions for CAM messages can assist collision avoidance as well.  The UE operating under Mode 2 can request the eNodeB to provide a list of known SA resources being used. The UE filters the potentially available SA resources based on this list. The UE may further scan those potentially available SA resources  in the resource pool for transmissions from UEs for additional filtering. The UE makes a decision on which SA resource to select based on the result of the scan and the list provided by the eNodeB. The UE can also report its used SA resource to the eNodeB. If none of the identified resources are available, the UE can request the eNodeB for an updated list and does not transmit anything until it has found a suitable re-assignment after a re-scan. It may also be beneficial for the UE to occasionally provide a scan report to the eNodeB for all SA resources in the pool, which can be used for informing other Mode 2 devices under network assistance and to guide MCS and transmit power setting for the UE.
There is a requirement for V2X communication that for particular usage (e.g., pre-crash sensing), the E-UTRA(N) should be capable of transferring V2X messages between two UEs supporting V2V Service with a maximum latency of 20 msec. (See CPR-015 in [4]). For such safety or event triggered messages, reading SA of other UEs or requesting a SA list from the eNodeB would incur too much latency. Ideally, a separate pool is to be used for safety messages, which is designed with enough provisioned resources to minimize collisions. In this case, reading the SA does not help prevent collisions in the future as there will not be any further transmission after the event has already occurred. Also, the UE cannot wait to request a list from the eNodeB and take action in this case due to the low latency requirement. The UE sends these event triggered messages at maximum power at lowest MCS in this case to guarantee reception (coverage). The SA can be repeated multiple times with a randomized resource allocation pattern as well to minimize collision (interference). This reserved pool can made common to all UEs for transmitting and receiving emergency messages. 
Proposal 3: In mode 2 operation under network coverage, UE can request eNodeB to provide a list of used SA resources for UE transmission to filter available SA resources. 
Proposal 4: For event triggered messages transmitted by the UE, UE autonomously decides the time-frequency resources and repetitions in a separate resource pool reserved for event triggered messages.
2.4 Mode 2 operation without network support
For mode 2 operation without network support, the UE has to make autonomous decisions for collision avoidance. In this case, UE scans all available SA resources autonomously before transmissions and picks a free one to use.  For CAM messages, once a transmission choice is made for the SA, it is kept semi-persistent. The UE can continue to scan the pool during this period and if it sees a change in the pool (for example, one UE in the pool has stopped transmitting its SA), it can trigger a re-selection. If the UE is able to identify that no free resources are available for transmission based on the SA scan, it defers transmission and waits until the end of the transmission period to evaluate the SA again for any open positions for transmitting its message. 

As discussed in section 2.3, the procedure for event triggered messages is quite different where sensing the SA of other users is not beneficial. In this case, the UE autonomously selects resources from a separate pool at random and the SA can be repeated multiple times as well to minimize collision.
 Proposal 5: In mode 2 operation without network support, UE first scans all possible SA resources to use for transmission and picks one of the available SA resources for transmitting CAM messages.
3 Adjusting resources for collision avoidance

It may be beneficial to adjust MCS and transmit power for collision avoidance. In mode 2 operation with network assistance, the eNodeB can set the MCS and transmit power based on its view of the network to minimize collision avoidance. In mode 2 operation without network assistance, when a pool is scanned, if there is no existing UE in the pool, the UE has no idea of the resource allocation of any other UEs. In this case, it can transmit at max power and lowest MCS (open loop). If there are existing UEs in the pool, the UE can derive a path loss estimate to each UE based on the received RSRP measurements from the users in the pool. These measurements can be averaged and used to set the transmit power to meet a target range requirement. If the transmit power is already at maximum level, the MCS can be further decreased in this case. 
Proposal 6: In mode 2 operation with network assistance, eNodeB sets the transmit power and MCS. In mode 2 operation without network assistance, the scan report by the UE sets the transmit power and MCS. 
4 Conclusions

The following enhancements are needed to minimize collision for V2V communication:
Proposal 1: Support SA Scan in Rel-14 V2V. Scan  SA of other UEs before transmitting to detect possible collision.  
Proposal 2: Support separate pools for mode 1 and mode 2 operation to minimize collisions

Proposal 3: In mode 2 operation under network coverage, UE can request eNodeB to provide a list of used SA resources for UE transmission to filter available SA resources. 

Proposal 4: For event triggered messages transmitted by the UE, UE autonomously decides the time-frequency resources and repetitions in a separate resource pool reserved for event triggered messages.
Proposal 5: In mode 2 operation without network support, UE first scans all possible SA resources to use for transmission and picks one of the available SA resources for transmitting CAM messages..

Proposal 6: In mode 2 operation with network assistance, eNodeB sets the transmit power and MCS. In mode 2 operation without network assistance, the scan report by the UE sets the transmit power and MCS. 
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