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Introduction
Based on the last RAN2#94 meeting, the following agreements are reached [1]:
	Agreements:
· The world is divided in geographical zones and the UE determines the zone with a modulo operation.   Length and width is provide by the eNB (for in-coverage) and pre-configured for out-of-coverage.  A single fixed reference point is used (e.g. 0,0).  FFS on exact modulo operation formula and values (if needed)
· The zoning feature is configurable for both in-coverage and out-of-coverage. 
· The feature is used at least for mode 2 operation.  FFS if needed for mode 1 and how reporting for mode 1 
· The network can configure the UE to report the complete UE location information (regardless of zone configuration).
· Zone concept can be applied to out-of-coverage.  FFS on how to define number of zones and pool mapping 
· The zone concept applies only to tx pools


In this paper, we will address the following two issues and present our proposal for these issues.
1) how to define number of zones and resource pool mapping;
2) If the zone feature is needed for mode 1 and and how reporting for mode 1; 
Discussion 
How to define the zone and resource pool mapping
It is agreed that the world is divided in geographical zones and the UE determines the zone with a modulo operation. A single fixed reference point {x0,y0} is used (e.g. 0,0). The eNB broadcasts the length of the zone (L) as well as the width of the zone(W). Meanwhile the eNB will also broadcast the number of zone in length (Nx) and the number of zone in width (Ny).  Then the UE can identify which zone it locates according to its own latitude and longitude coordinates (e.g. x,y) as below. 
x’= Ceil ((x-x0)/L) Mod Nx;
y’= Ceil ((y-y0)/W) Mod Ny
     Zone_id  = y’ * Nx + x’ 
Proposal 1: The eNB broadcasts the following parameters to help the UE identify which zone it belongs to:  the length of the zone (L), the width of the zone (W), the number of zone in length (Nx) and the number of zone in width (Ny). 
Specifically, the eNB can configure the number of zone for any value. For examle, considering the coverage range of the cell and the size of the zone, the eNB can configure a small number for the zone so that there are duplicate zone index in the same cell such as zone (1,1) and zone (1,3) as shown in figure 1a. Or the eNB can configure a large number of zones so that there is no duplicate zone index in the same cell as shown in figure 1b. As a matter of fact, the zone number Nx and Ny determine the resource spatial resue factor. Smaller Nx and Ny leads to the higher level of spatial reuse, and vice versa. As we can see in Figure 1a, the same resource pool may be reused by the zones with the same zone index so they can map to the same resource pool. However, for the zones with different index, they should map to different resource pools.
Observation 1: The zone number Nx and Ny determine the resource spatial resue factor. Smaller Nx and Ny leads to the higher level of spatial reuse, and vice versa. For the zone with the same zone index, they can map to the same resource pool to improve the spatial resue of sidelink resources.
Furthermore, vehicle UE may be distributed unevenly, e.g. vehicle distribution is very sparse in some area such as Lake Region but dense in other area like street. Therefore, it may be more suitable to assign different number of resource pool to different zones based on their vehicle density. For example, the zone with sparse vehicle distribution may map to only one resource pool and the zone with dense vehicle distribution may map to multiple resource pools. In this way, the eNB needs to know the characteristics of vehicle distribution (e.g, where is Lake Region with little vehicles and where is street region with dense vehicles, this can be obtained through OAM). For cell that has both dense and sparse zones, it is suggested to map the sparse and dense zone with different zone index so that different number of resource pools could be configured for them.  In order to achieve this, it is suggested that the zone number Nx and Ny is configured in such a way that the zone index is not duplicate for the zones within a cell scope. 
Observation 2: Considering the uneven distribution of vehicle UE in different zones, one zone may be associated with different number of resource pools. 
Propsoal 2: It is suggested that the zone number Nx and Ny is configured in such a way that the zone index is not duplicate for the zones within a cell scope.
Therefore, different number of resource pools could be configured for different zones, and the same resource pool also could be configure for different zones to improve the spatial resuse of sidelink resource, for example, as shown in figure 1b, assuming that there are total 8 tx resource pools used for V2V and vehicle distribution is very dense in zone 1 while vehicle distribution is sparse in zone 9, then two resource pools (such as pool1 and pool2) could be configured for zone 1 and only one resource pools such as pool1 could be configured for zone 9. Since the mapping between zone index and resource pool configured by the eNB could be flexible, the resource pool configuration Info should include zone index/indexes that map to it.
Proposal 3: Zone index/indexes should be included in resource pool configuration info.


Figure 1a Zone mapping scheme for Nx=Ny=2


Figure1b Zone mapping scheme for Nx=Ny=3
UE geographical information reporting for mode 1
The geographical information of each UE would be useful for the scheduling resource allocation. Having the knowledge of UE’s geographical location, the eNB can determine the relative distance between UEs. So the eNB can assign resources that allow the UEs to transmit simultaneously without interfering with each other. For example, as shown in Figure 2, since UE-1 and UE-2 are close to each other, the eNB cannot assign the resources in the same subframe to them otherwise they cannot detect each other due to half duplex constraint. However, for UE-1 and UE-3 the eNB can assign the same resources to them since they are far away and their transmission could be performed simultaneously without interference. Futhermore, the eNB can assign the same resources to UEs in the same or different cell that are far enough from each other so as to improve the spatial resue of sidelink resources.


Figure 2 PC5 based V2V operation
Observation 3: The geographical information of each UE would be useful for the PC5 scheduling resource allocation.
Based on the analysis above, the eNB does not need to know the detailed location information, it only need to know the area roughly where the UE locates and then make the resource scheduling decision. In this way, the UE just need to report the zone indication to eNB when the UE moves and enters a new zone.
Observation 4: The eNB only need to know the area roughly where the UE locates and then make the resource scheduling decision.
As we know, the size of complete UE location information such as IE LocationInfo-r10 is relatively large. Considering the impact of overhead, complete location information cannot be sent frequently.
Observation 5: The complete UE location information is relatively large, considering the impact of overhead, complete location information cannot be sent frequently for V2X service. 
Based on above observations, it is better for the UE to report the zone indication to eNB when the UE moves and enters a new zone.
Proposal 4: It is better for the UE to report the zone indication to eNB when the UE moves and enters a new zone. 
The gepgraphical information reporting can either be periodical or event triggered. Specifically, the eNB can configure a timer for periodical gepgraphical information reporting and the reporting could be triggered when the timer expires.  Meanwhile the eNB may configure multiple threshold values to support the event triggered reporting. For example, a geographical information reportingshall be triggered if any of the following events occur:
-	When the distance between current position and the last reported position of the UE exceeds the threshold value configured by the eNB, the UE should report geographical information; 
-	When the change between current movement direction and the last reported movement direction of the UE exceeds the threshold value configured by the eNB, the UE should report geographical information. 
-    When the zone the UE belongs to changes, the UE should report geographical information.
For one-shot reporting, we do notsee clear requirements for it so it seems to be not necessary to support. If the eNB wants to acquire the gepgraphical information reporting for one time, it can configure a periodic reporting and can de-configure this periodic reporting once one report is received.
Proposal 5: The gepgraphical information reporting can either be periodical or event triggered. The eNB can configure a timer for periodical gepgraphical information reporting and configure multiple threshold values to support event triggered reporting.
Conclusion 
In this paper, we analyse how to define number of zones and resource pool mapping, why zone id reporting is very useful for mode 1, and the trigger mechnism of gepgraphical information reporting.
Observation 1: The zone number Nx and Ny determine the resource spatial resue factor. Smaller Nx and Ny leads to the higher level of spatial reuse, and vice versa. For the zone with the same zone index, they can map to the same resource pool to improve the spatial resue of sidelink resources.
Observation 2: Considering the uneven distribution of vehicle UE in different zones, one zone may be associated with different number of resource pools. 
Observation 3: The geographical information of each UE would be useful for the PC5 scheduling resource allocation.
Observation 4: The eNB only need to know the area roughly where the UE locates and then make the resource scheduling decision.
Observation 5: The complete UE location information is relatively large, considering the impact of overhead, complete location information cannot be sent frequently for V2X service. 
Proposal 1: The eNB broadcasts the following parameters to help the UE identify which zone it belongs to:  the length of the zone (L), the width of the zone (W), the number of zone in length (Nx) and the number of zone in width (Ny).
Propsoal 2: It is suggested that the zone number Nx and Ny is configured in such a way that the zone index is not duplicate for the zones within a cell scope.
Proposal 3: Zone indexes should be included in resource pool configuration info.
Proposal 4: It is better for the UE to report the zone indication to eNB when the UE moves and enters a new zone. 
Proposal 5: The gepgraphical information reporting can either be periodical or event triggered. The eNB can configure a timer for periodical gepgraphical information reporting and configure multiple threshold values to support event triggered reporting.
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