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Introduction
Based on the last RAN2#93bis meeting, the following agreements are reached:
	Agreements:
· Geographical location reporting at AS layer will be introduced.  Layer 1 reporting mechanism is not needed.  FFS if RRC signalling and/or MAC CE.  Details of what is contained in the location reporting are FFS.   
· It is up to the eNB implementation when and how to use the geo-location.  The eNB can configure the UE to report.  
· Mode 2 operation should be designed to work without the need for UE dedicated reporting.  
· eNB provides configuration for reporting.  RAN2 will consider both periodical reporting, event trigger and one-shot reporting.  FFS how this is implemented.
· Mapping of geographical location and resources can be done on a zone concept.  How the zones are defined is FFS.   FFS if this mapping can be used for UL geo reporting to optimize the signalling (if needed).  
· FFS if the same mechanism is adopted for OOC or no such optimizations are applied for OOC.


In this paper, we will analyse UE geographical information reporting for mode 1 and Geo based resource mapping for mode 2, and provide our considerations on these FFS issues.
Discussion 
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 1, 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 sameresources 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 1 PC5 based V2V operation
Observation 1: The geographical information of each UE would be useful for the PC5 scheduling resource allocation.
In the next subsections, we will analyse the issues related to UE geographical information reporting such as the content of the reporting, control signaling carrying the reporting and the reporting triggers.
Issue 1: content of the geographical information reporting 
As a matter of fact, the detailed content of the geographical information reporting is still FFS. Basically, it may include UE location, speed or direction of movement information. Among them, the location information is indispensable and most important. Speed scaling is beneficial since it can help the eNB to configure a reasonable reporting period which may be associated with the speed. For the movement direction, it may be also beneficial since the vehicle UEs with different movement direction are better to be configured with different pools of resources when they are in the same road. Because the relative distance between different vehicle UEs moving the same direction changes slowly while the relative position between different vehicle UEs moving the opposite direction changes fastly, the utilization of different pools for opposite vehicle directions may result in more stable interference environment within resource pool which may be beneficial for sensing based resource allocation. In general, the location information is indispensable and speed and direction of movement information are beneficial.
Proposal 1: For the the geographical information reporting，the location information is mandary whereas the speed and direction of movement information is optional to report.
Subsequently, we will take the location information as an example to discuss the potential reporting mechanism for the geographical information. In order to reduce the signalling overhead, the following two ways can be considered.
· Reporting delta info of geographical information
For example, the eNB may broardcast an absolute geographical location as a reference. And later the UE can only report the delta info between its location and the reference when it moves. Compared to absolute geographical location reporting, the signalling overhead of delta info reporting can be greatly reduced. 
· Reporting coarse grained zone indication
In some cases, the coverage area of a cell can be divided into several zones and each is configured with a set of PC5 resources as shown in Figure 2. The eNB only need to know the zone 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. But before that, the UE should first know the mapping between the zone index and the range of zone, which could be configured by eNB in advance. 


Figure 2 Illustration of zone indication
Proposal 2: RAN2 is suggested to consider the dela info reporting and zone indication reporting of geographical information.
Issus 2: RRC signalling and/or MAC CE
Whether the report is carried as L2 control information or L3 control information (e.g, MAC or RRC signaling) is still FFS. In our opinion, compared to MAC CE, RRC signaling may support variable payload size and is more reliable since it can be retransmitted in RLC layer in case of loss. But it may cause longer delay for the RRC message delivery, so the geographical information that the eNB obtained may not accurately reflect the UE’s latest position. However, we think that the time efficiency is more important than the potential message loss which in fact rarely happens since the HARQ could reduce most of the loss. Considering these aspects, we think the UE may report the delta info or the zone indication info via MAC CE.
Proposal 3: It is suggested to carry the delta info or zone indication through MAC CE.
Issue 3: reporting triggers
[bookmark: _GoBack]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 reporting shall 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 not see 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 4: 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.
Geo based resource mapping for mode 2
Issue 4：How the zones are defined
RAN1 sent LS to ask RAN2 to enable mapping between a set of resources to a set of geo information. But as a matter of fact, the mapping scheme is still FFS. According to our understanding, the UE can select the resources according to the predefined resource mapping rules or formula. The eNB decides the detailed resource mapping scheme and send related information to the UEs, such as geo zone index related to each resource pool, the size of geo zone in which the resources are orthogonal and so on. There are several mapping mechanisms can be considered.
· Mapping between geographical positions and resources can be at a coarse granularity. 
The eNB may partition the cell into relatively large zones so that UEs in proximity can share the same resource pool. Specifically, the eNB can partition the cell in zones of the same size. In this case, the eNB only needs to indicate the coordinate of the boundary region and the size of zone. As shown in Figure 3, the eNB broadcasts geographical longitude and latitude coordinates {X1, Y1 of point X, the length of the zone (D1) as well as the width of the zone (D2). Then the UE can identify which zone it locates according to its own latitude and longitude coordinates. For example, assuming that the UE geographical coordinates are {X2, Y2}, it can calculate that the zone numer of longitude direction (N1) is ceil ((U1-X1) /D1), and the zone numer of latitude direction (N2) is ceil ((U2-X2)/D2). Then the zone index can be derived from N1 and N2 (e.g. index= (N2-1) *N+N1, where N is the total zone numbers of longitude direction). As we can see, eNB needs to broadcast parameters including {X1, X2}, D1, D2 and zone numbers of longitude and latitude direction to help the UE identify which zone it belongs to. 


Figure 3 an example of zone mapping scheme
Proposal 5: The eNB partitions the cell in zones of the same size and broadcast related parameters to help the UE identify which zone it belongs to. 
Furthermore, vehicle UE may be distributed unevenly, e.g. vehicle distribution is very sparse in some area such as Lake Region and Pedestrian Street while vehicle distribution is very dense in roads like street, and highways. Therefore, it may be more suitable to assign different number of resource pool to different zones based on the vehicle distribution. 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 Highways region with dense vehicles) which can be obtained through the OAM.
Observation 2: Considering the uneven distribution of vehicle UE in different zones, one zone may be associated with different number of resource pools.
On the other hand, considering that the eNB can assign the same resources to UEs that are far enough from each other to improve the spatial resue of sidelink resources, the same resource pool may be reused by different zones far away, so one resource pool may map to more than one zone which shall be indicated by the eNB. 
Observation 3: To improve the spatial resue of sidelink resources, one resource pool may be mapped to multiple zones.
Since the mapping between resource pool and geo zone is not one to one, the list of zone index should be included in resource pool configuration info.
Proposal 6: List of zone index should be included in resource pool configuration info.
Based on the coarse mapping scheme, the resources of neighboring zones are orthogonal so as to avoid the potential resource collision of vehicles UEs in neighboring zones. But the resources collision may still happen for vehicle UEs within the same zone. So the schemes to solve the resource collision in same zone needs further study.
Observation 4: Based on the coarse mapping scheme, the resources collision may still happen for vehicle UEs within the same zone.
· Mapping between geographical positions and resources can be at a finer granularity. 
The fine geo location mapping assumes each  zone mapping to exactly one resource block. The zone is small enough that it can accommodate only one vehicle UE, so the neighbor vehicle UEs will belong to different zones. Therefore, the neighbor vehicle UEs will select different resource blocks. By this way, resources collision between neighbor vehicle UEs can be avoided.
In order to improve the resource utilization, spatial reuse of sidelink resources should be considered. As shown in figure 4, the number within the zone denotes the resource block index. The same resource block can be assigned to different UEs that are far enough from each other. 


Figure 4: fine geo location dividing
Furthermore, in order to adapt to the different directions of the roads, the mapping between zone and resources should be on two dimensions. As shown in figure 5, arranging the resource index into a square matrix, and then mapping the resource matrix to the geographical area repeatedly. 


Figure 5: fine geo location mapping

Compared to the coarse mapping scheme, resources collision can be avoided since the neighbor vehicle UEs belong to different zone and will select different resources by the finer mapping scheme.
Proposal 7: It is suggested that mapping at a finer granularity should be considered.
Issue 5：Mechanism for OOC UEs
In our opinion, the existing resource preconfiguration scheme for out of coverage UEs could be leveraged for vehicular UE. In fact, the preconfigured resource pool is geographical area based. We do not see strong necessity to support the zone based resource preconfiguration for out of coverage vehicle UEs. For the out of coverage vehicle UE, it may utilize the sensing mechanism to avoid the potential collisions.  
Proposal 8: For the out of coverage vehicular UEs, it is suggested to reuse the legacy geographical area based resource preconfiguration. The potential collision could be alleviated by the aid of sensing based resource selection enhancement. 
Conclusion 
In this paper, we analyse UE geographical information reporting for mode 1 and Geo based resource mapping for mode 2 and discuss some issues about it.
Observation 1: The geographical information of each UE would be useful for the PC5 scheduling resource allocation.
Observation 2: Considering the uneven distribution of vehicle UE in different zones, one zone may map to multiple resource pools.
Observation 3: To improve the spatial resue of sidelink resources, one resource pool may map to multiple zones.
Observation 4: Based on the coarse mapping scheme, the resources collision may still happen for vehicle UEs within the same zone.
Proposal 1: For the the geographical information reporting，the location information is mandary whereas the speed and direction of movement information is optional to report.
Proposal 2: RAN2 is suggested to consider the dela info reporting and zone indication reporting of geographical information.
Proposal 3: It is suggested to carry the delta info or zone indication through MAC CE.
Proposal 4: 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.
Proposal 5: The eNB partitions the cell in zones of the same size and broadcast related parameters to help the UE identify which zone it belongs to. 
Proposal 6: List of zone index should be included in resource pool configuration info.
Proposal 7: It is suggested that mapping at a finer granularity should be considered.
Proposal 8: For the out of coverage vehicular UEs, it is suggested to reuse the legacy geographical area based resource preconfiguration. The potential collision could be alleviated by the aid of sensing based resource selection enhancement. 
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