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1 Introduction
At the TSG RAN1 Meeting #83, three resource allocation mechanisms for V2V communication mode-2 were discussed and the following observations were made [1]:

· For 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

At the TSG RAN1 Meeting #84, some further observations were made:
Observations:

· The following issues can be considered for resource allocation for V2V mode 2. It does not mean that each issue requires a solution.

· Issue 1: SA resource selection

· Sensing is used if SA and the associated data are transmitted in the same subframe

· FFS between random and sensing if not

· Issue 2: How can a UE obtain information for identification of the resources that will be occupied and/or collided by the other UEs? 

· Based on energy sensing, SA decoding, data decoding, assistance from eNB, or a combination. 

· Issue 3: What does the UE do with this information?

· Based on energy sensing: 

· Option 1: Resources with relatively low energy can be selected. Resources with relatively high energy are not selected.

· Option 2: To select resources that lead to FDM with resources on which high energy is observed.

· Based on SA decoding: UE avoids resources indicated by the decoded SA.

· Issue 4: Reselection

· Reselection may be triggered if UE recognizes a problem in its resource selection. FFS the definition of this problem (e.g., resource collision).

· Reselection may be triggered periodically, randomly, or in a combination of the two.

· Reselection may be triggered by eNB instruction or geo-information.

· Reselection may be triggered if traffic characteristics is changed.

· Issue 5: Signaling to aid sensing

· E.g., reservation

· Issue 6: Priority

· Issue 7: Coexistence of mode 1 and 2

· Issue 8: How to determine the amount of resources to use
Also at RAN1-84 meeting, agreements on location based resource allocation were made:

Conclusion:

· Geo-information (e.g. vehicle location) signaled in the radio layers can be used by eNB, e.g., for sidelink resource allocation.

· This does not preclude reporting any other information to eNB.

· Note: Using geo-information at the transmitter UE for UE autonomous resource selection is already agreed.
Based on the above observations and conclusions, we discuss UE autonomous resource selection and reselection mechanisms in this contribution. 
2 Discussion on three resource selection mechanisms
One of the technical challenges on V2V communication is how to avoid the severe interference from In-Band-Emission (IBE). Such issue happens when a vehicle UE receives strong and weak signals simultaneously on adjacent frequency locations. The strong signal will block the reception of the weak signal, which is similar to the near-far-effect. The reason behind this is near and far vehicle UEs select the same time instant for transmission. 
In theory, there are two ways to control the interference from IBE:

· Power control: If the receiving power from different vehicle UEs can be adjusted to the similar level, then the near-far-effect will be controlled to a minimal level. However, this will need feedback loop between the transmitter and receiver. Considering the distributed transmission and reception nature of V2V communication, feedback loop is not feasible at least for Rel-14.

· Frequency guard region: By leaving some empty RBs between signals transmitted on adjacent frequencies, interference because of IBE can be relieved. However, this comes at the cost of reduced resource utilization efficiency. Besides, the larger signal strength gap between adjacently transmitted signals, the wider frequency guard region is required, which is hard to specify.
The above analysis indicates that traditional methods are not so feasible on V2V scenario to control the IBE interference. On the other hand, it is the most efficient way to suppress the interference from IBE if near and far vehicle UEs can be assigned to resource pools in a TDM manner for V2V communications. On looking through three resource allocation mechanisms, only the location-based resource selection can satisfy the above requirement on IBE interference control. Sensing or random selection may be good for collision avoidance, but even if no collision happens, severe interference from IBE can still block the V2V reception.  So from the IBE interference control point of view, location based resource selection is preferred. 

On the other hand, location based resource allocation can enjoy the spatial multiplexing gain. With location information, nearby vehicles can be grouped into same resource pool, which can be reused by remote vehicle groups. Sensing based selection can also achieve the similar gain considering that the signal from remote vehicle is generally weak.  But efficient sensing method relies on knowledge of transmission parameters, such as repetition patter or SPS duty cycle. Such information can be obtained from SA reading, which may be a challenge if signal is weak. Random selection can achieve statistical multiplexing gain, which seems independent from spatial reuse. So from the resource utilization efficiency point of view, location based resource selection is also preferred.
Although location-based resource selection is good in grouping nearby vehicle UEs, sensing or random selection can still be used to avoid resource collision among grouped vehicle UEs. 

Proposal 1：Location based resource selection should be the baseline resource allocation mechanism for V2V mode-2 communication. Combination with other methods is not precluded.
3 Discussion on location-based resource selection
The principle of location-based resource selection is illustrated in Fig.1. The total available resource can be split into many resource pools in a TDM manner. Nearby vehicles are grouped together. Different groups of vehicles select/are assigned to different resource pools. Remote groups can reuse the resource pools. 
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Fig.1 Principle of location-based resource selection

From specification point of view, it is very important to address rules on how a vehicle UE can select/be assigned to a specific resource pool according to geo-information. One straightforward way is to establish the connections between the geometry areas and resource pools. This is just like there is a map to indicate which geo-area corresponds to which resource pool. Then the vehicle UE or the network can easily select/decide which resource pool to use. However, establishment of such connections or map may be a huge work as it should cover all areas, or sometimes even beyond the 3GPP’s working scope. For network assist resource selection, such map can be saved on the network side.  For out-of coverage case, such map can only be pre-defined and saved in the vehicle UEs, which is inflexible and also increases the cost and complexity of the devices. Besides, with the mobility nature of vehicle, fixed mapping relation between geo-area and resource pool may result frequent resource reselection if moving vehicles pass quickly across many geo-areas. Linking large geo-area to resource pool may be a solution, but IBE interference may get worse if one resource pool contains vehicles in a large geo-area. Therefore, it is not so good to use fixed mapping relation between geo-area and resource pool for location-based resource selection. 
As discussed in section 2, the major advantages of location-based resource selection are the IBE interference control and spatial resource re-use, both of which only relate to relative locations among vehicle UEs instead of absolute geo-area of vehicle UEs. More precisely, the distance among vehicle UEs should be the primary factor to decide which resource pool a vehicle UE should choose. One example is that a group of nearby moving vehicles may pass across many geo-areas, but the relative distances among them remains stable or changes slowly. In this case, they can always stay in one resource pool until their relative distance changes sufficiently. 
Proposal 2: The relative locations/distance among vehicle UEs should be the primary factor to choose resource pool for location-based resource selection  
The above analysis and example implies the rules about the location-based resource selection. A pre-defined or assigned (by network) threshold is linked to each resource pool. A vehicle UE decides to join/select a resource pool if the distance between this vehicle UE and other vehicle UEs inside this pool are all below the threshold. For network assist resource selection, network can calculate the relative location for each vehicle UE and decide which pool can be used. For autonomous resource selection, a vehicle UE can calculate the distance between itself and other vehicle UEs in a pool, based on the geo-information on the PC5 interface. If all calculated distances are below the threshold, then this vehicle UE can select this pool. 
A large value of the threshold is good for resource utilization efficiency, because less resource pools are needed, but the IBE interference may be an issue; a small value of the threshold may decrease the resource utilization efficiency but is good for IBE interference control. Therefore the exact value of the threshold should be chosen based on the careful evaluation to balance both link level and system level performance.

Proposal 3: 
· For location-based resource selection, each resource pool is linked to a pre-defined or assigned threshold
· The distance among the vehicle UEs inside the pools should be below this threshold
· The exact value of the threshold should be chosen based on the evaluation

Although distance/relative location should be the primary factor on choosing resource pool for location-based resource selection, other factors, such as velocity (speed and direction), can also play an important role for the resource pool selection considering the mobility nature of V2V communications. One example is shown in Fig.2 that if nearby vehicle UEs with opposite directions are assigned to the same resource pool, they may be soon to beyond the threshold of the resource pool because they are moving toward the opposite directions. The smart solution is to assign vehicle UEs with same directions into same resource pool and assign vehicle UEs with opposite directions into different resource pool. This example indicates that if nearby vehicle UEs with similar velocity are assigned into the same resource pool, the frequency of the resource pool reselection can be effectively decreased because vehicle UEs inside a pool are moving relatively slowly. Therefore, when a vehicle UE can find multiple resource pools according to Proposal 3, the vehicle UE should select the pool with smallest relative velocity. 
Proposal 4: The relative velocity should be the secondary factor to choose resource pool for location-based resource selection
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Fig.2 Example of resource pool selection with opposite directions
With Geo-information available on the Uu or PC5 interface, the velocity of a vehicle UE can be tracked by eNB or other vehicle UEs. This requires the receiver should have the ability to frequently track the geo-information changes of many vehicle UEs, which increases both the power consumption and receiver complexity. Actually, velocity is the fundamental parameter a vehicle can easily provide. So it is beneficial to provide velocity information on the Uu /PC5 interface.

 Proposal 5: Include velocity as part of  geo-information 
4 Discussion on location-based resource pool reselection
For location-based resource selection, resource pool shall be reselected in two cases: 
1). Vehicle’s mobility makes current pool unsuitable

 A vehicle UE will periodically measure the distance from itself to other vehicle UEs by reading the geo-information on the PC5 interface and calculating the corresponding distance.  When a fast moving vehicle is far away from the rest of vehicles in the pool and  such measured distance is beyond the threshold linked to this pool, this vehicle UE should reselect its pool. How often a vehicle UE should measure such distance depends on the relative velocity of this vehicle. Assuming the largest relative velocity from this vehicle to the rest of vehicles in the pool is V, the threshold of this pool is D, the interval between two measurements should be no more than D/V.  
 2). Current pool becomes crowed 
With more vehicle UEs selecting the same resource pool, a resource pool can become crowed so the collision happens frequently. To avoid this case, a vehicle UE can monitor the resource utilization ratio, which can be defined as the occupied resource/total resource in a pool. A vehicle UE can know whether a resource is occupied from SA reading or sensing. If the resulting ratio is above a certain level, for example, 90%, the vehicle UE can start reselecting the pool. To prevent all vehicle UEs to reselect the pool at the same time (Ping-Pong effect) , a random delay can be introduced from the instance a vehicle UE observes the ratio beyond the certain level; if after the delay, the ratio is still beyond the certain level, the vehicle can then start the reselection.
Proposal 6: Location-based resource pool reselection can be triggered by two events:
· The distance from the vehicle to other vehicles in the pool beyond the threshold linked to the pool
· The ratio: Occupied resource/Total resource beyond a certain level
5 Conclusions
In this contribution, we focus on the location-based resource selection for mode-2 V2V communication with following proposals:
Proposal 1：Location based resource selection should be the baseline resource allocation mechanism for V2V mode-2 communication. Combination with other methods is not precluded.
Proposal 2: The relative locations/distance among vehicle UEs should be the primary factor to choose resource pool for location-based resource selection
Proposal 3: 

· For location-based resource selection, each resource pool is linked to a pre-defined or assigned threshold
· The distance among the vehicle UEs inside the pools should be below this threshold

· The exact value of the threshold should be chosen based on the evaluation
Proposal 4: The relative velocity should be the secondary factor to choose resource pool for location-based resource selection
Proposal 5: Include velocity as part of geo-information  
Proposal 6: Location-based resource pool reselection can be triggered by two events:

· The distance from the vehicle to other vehicles in the pool beyond the threshold linked to the pool
· The ratio: Occupied resource/Total resource beyond a certain level
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