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Introduction
In RAN1#82bis, it was agreed that a UE identifies the resources that will be occupied and/or collided by the other UEs. It was further agreed in RAN1#83 that sensing, random resource selection and location based solutions were able to provide gain in collision avoidance. However the aforementioned methods alone may not be able to completely overcome resource collision.  

Collisions not only hinder the correct delivery of potentially important messages, but may also increase interference in the system and lead to channel congestion in the event of persistent collision.  Number of other companies also discussed the need for collision detection and feedback in their contributions to RAN1#85 [1][2][3]. We also think collision detection and avoidance is an important aspect in V2X communication that requires further attention. 

In this contribution, we endeavour to analyse the problem of resource collision including collisions due to hidden nodes considering urban and freeway scenarios. Further, we discuss different approaches available for collision detection and resolution.  

Resource collision in V2X
In autonomous resource selection mode, “direct collisions” may be caused when two or more UEs/nodes share overlapping collision space (i.e. within the transmission range of each other) and happen to choose the same time-frequency resources for transmission (see Figure 1). For example, terminals A and B concurrently transmit SA/Data using the same time-frequency resources. As a result, SA/Data from either A or B is not decodable at the terminal D due to collision. It may be possible to reduce the likelihood of direct collision through sensing and/or random resource selection. However, half-duplex constraint prevents self-detection of collision with a nearby UE(s) giving rise to persistent collisions in the worst case.
Another more subtle form of collision is called “hidden collision”. Hidden collisions occur when two or more terminals do not perceive the same collision space (see Figure 1). For example, hidden collision takes place when B is within the range of both A and C and is able to receive SA/Data from both A and C, but A and C are out of each other’s range. Prior sensing or random resource selection alone may not be sufficient to reduce the likelihood of hidden collisions.
[image: ]
[bookmark: _Ref456617453]Figure 1 Collisions in V2X
It is straight forward to calculate the number of direct nodes and hidden nodes for a given transmitting node for the case of uniform node distribution, which is typical in freeway scenario. For example, the number of direct vehicles within the transmission range R of the vehicle of interest (red vehicle in Figure 2) can be calculated as  where  is the vehicle density. Further, the average number of hidden vehicles  for the vehicle of interest can also be calculated as  assuming uniform node distribution. 
On the other hand, node distribution in urban scenarios could be non-uniformly distributed. In an urban signalized intersections, there could a high variation in vehicle density. For example, according to [4] there are three traffic regions as depicted in Figure 3: jam density caused by building up of vehicles; a growing density caused by decelerating vehicles; free flow density caused by stable vehicle movement. 
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[bookmark: _Ref456690466]Figure 2 Uniformly distributed vehicles typical in freeway scenario
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[bookmark: _Ref456692601]
[bookmark: _Ref458761101]Figure 3 Traffic distribution at a signalized intersection

It has been demonstrated in [5] that hidden node problem is far more dangerous in urban scenarios where there is high variability of vehicle/pedestrian density and increased number of obstructions by buildings and larger vehicles. In a signalized intersection, there could be a high number of hidden nodes where the vehicles are decelerating. Ironically, vehicle decelerating areas are also the most important from safety point of view.  Another cause of hidden nodes in urban scenario is obstruction by buildings and larger vehicles. As shown by the example in Figure 4, a vehicle in the center of the road may receive from pedestrians on the legs of the road while the pedestrians themselves may not sense each other due to obstructions. If the two pedestrians happen to use the same time-frequency resources for transmission, then the message may not be decodable at the vehicle at the center of the road causing a serious safety issue. 
[bookmark: _GoBack][image: ]
[bookmark: _Ref456695233]Figure 4 Hidden node collision caused by obstructions
Observation 1: It is important have a mechanism to detect and resolve resource collision in general and especially due to hidden node issue to ensure the viability of autonomous resource selection mode for V2X safety applications. 
Approaches for collision detection and resolution
Specification of LTE sidelink communication was developed to support public safety related voice communication. In public safety voice communication, the number of concurrent transmissions in a cell was about ten users per cell. In V2X on the other hand, there could be a large number of concurrent active nodes which transmits relatively frequently at least at a rate of 10 Hz using small packet sizes. Since the likelihood of collision scales with the number of active nodes, V2X is more prone to collision issue compared to public safety communications. Furthermore, reliability and latency attributes of V2X are much more stringent compared to that of legacy slide link public safety applications. Without having a collision detection mechanism in place it is unlikely that stringent reliability and latency requirements can be met as there is no way for the transmitting node to be certain that a message has been delivered successfully within the required time. Further, collision detection mechanism is useful for avoiding persistent collision due two or more nodes choosing the same time-frequency resources over two or more transmission intervals or reducing the system interference by continual transmission of data although SAs have already been collided. 
Notification on resource collision from another UE is one of the FFS conditions for resource reselection triggering according to RAN1#84bis. Notification of resource collision can be done in at least two ways. If a receiving node (e.g. 3rd party)  is able to detect that more than one UE intend to use the same time-frequency resources through decoding/detection of SA and/or Data, it may send a feedback message(s) (e.g. virtual SA [1]) to at least one colliding UE [1][2][3].  Another method of detecting SA collisions is for the receiving UE(s) to indicate correct reception of the transmitted SA to the transmitting UE using a signal that has a one-to-one relationship with the transmitted SA[6]. In the absence of such indication, the transmitting UE can interpret its transmitted SA had not been received by others due to resource/transmission collision. The use of a signal for indicating the correct reception allows for efficient handling of multiple feedbacks from all the receiving UEs using a small amount of feedback resources. It also allows for multiplexing of feedback for different SA transmissions using different sequences. Furthermore these signals can be used for sensing the resource utilisation of UEs beyond the transmission range of a given transmitter and thus enabling the sensing of hidden UEs.
Upon collision detection, resource reselection may be triggered at the transmitting UE where it may further postpone its data transmission to the next available transmission period or terminate the current data messages transmission where it is considered appropriate. Postponing or termination of data message transmission from a SA transmitting UE that has detected a collision will also protect the V2X message transmission from other UEs in the associated data pools while reducing the unwanted interference in the system caused by un-decodable Data.
Proposal 1: To support collision detection and resolution through the notification from a receiving V2X UE.
Conclusion
In summary:
Observation 1: It is important have a mechanism to detect and avoid persistent resource collision especially due to hidden node issue to ensure the viability of autonomous resource selection mode for V2X safety applications. 
Proposal 1: To support collision detection and resolution through the notification from a receiving V2X UE.
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