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1 Introduction
Resource allocation mechanisms, whether centralized or distributed, can be improved if UEs report geographical location information to the eNB. This allows for a better channel utilization and an improved sidelink performance. RAN1 has already agreed to report geographical feedback to the eNB [1] and in RAN2#93bis, it was agreed to introduce geographical location reporting at AS layer where it is up to the eNB to decide when and how to use the geolocation. 

Further, in RAN2#94, the following agreements have been made:
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 will be done.  

-
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 contribution, we will touch upon the zoning concept and the geographical location reporting both in the presence and absence of zones. 
2 Discussion
2.1 Zoning

According to the agreements, the world is divided in geographical zones and the UE determines the zone with a modulo operation. Length and width is provided by the eNB (for in-coverage) and pre-configured for out-of-coverage, and a single fixed reference point is used (e.g. 0,0).  

As an example, the eNB can send or pre-configure UEs with parameters used for the zone calculation such as the zone length and width, together with the number of zones or resource pools. In the email discussion [94#29] on Geo-location reporting, several options were described. Option 1 is a reasonable way to create zones if diagonal streets are not an issue. However, it appears that Option 4 is a more flexible and intuitive way to create the zones. Such an option has been previously considered to create 2D rectangular grids as described in [2]. Below is the description of a slight variation of Option 4 where only the modulo operation is used:

x’= Floor ((x-x0)/L) Mod Nx;

y’= Floor ((y-y0)/W) Mod Ny;

     Zone_id  = y’ * Nx + x’ 
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Figure 8 Example for Option 4. 
Proposal 1 The eNB sends to the UE or pre-configures it with the necessary info to generate the zones. Such info describes the zone length and width together with the number of zones.

2.1.1 Mapping of geo-info to set of resources

Another open issue related to geographical report is how the eNB can use such information in resource allocation. Previously, RAN1 has asked RAN2 in an LS [3] to investigate how to map the set of geo information to a set of resources in order to allow the UE to restrict the set of resources to be selected. Further, in RAN2#93bis, such a mapping has been touched upon by introducing the zone concept.

Given the above zone definition, both in-coverage and out-of-coverage UEs can use the zones they belong to in deducing the set of resources dedicated for that specific zone. 

Information about the mapping can either be signalled to the UE, broadcasted to several UEs, or pre-configured to support the out-of-coverage case.

Proposal 2 Information about the zone-to-resource pool mapping can either be signalled to a UE, broadcasted to several UEs, or pre-configured to support the out-of-coverage case.

In the scenario where the zoning feature is not configured, the eNB should be able to allocate certain resources to UEs based on their position. 
Proposal 3 Association between resources and positions can be applied by the eNB knowing the reported positions of the UEs. 

2.2 Geo-info feedback

In order to report geographical location information to the eNB, each UE needs to know its own location. Fortunately, for most V2X use cases, the location information is an indispensable piece of information. According to TS 36.355 [3], a full coordinates report (LocationInfo IE) with about 5m resolution uses 47 bits for the coordinates part. According to the agreements above, the zone is determined through a modulo operation, making the zone ID not unique. Therefore, the UE doesn’t need to report the zone ID. 

Proposal 4 The UE reports its full coordinates in the UL Location info without the need to report the zone ID.

For some services, transmitting this information with a periodicity of, e.g., 1 or 2 sec, might be sufficient. Reducing the size of the report is preferable, and this becomes crucial for some applications where location info needs to be transmitted more often. 

Observation 1 Reducing location information report size is preferable in general, and becomes crucial for applications requiring the location info to be transmitted more frequently. 

One way to reduce the size of the report is to have the eNB advertise reference positions to the UEs and having the UE reporting their relative position (e.g. distance and angle) compared to the reference position. 
Proposal 5 In order to minimize the size of the geographical report, the UE encodes its position with respect to a reference position(s) advertised by the eNB. 

In one example, the eNB can broadcast four reference positions for the four quadrants. Therefore, a UE will need to report the distance and angle to the reference position, and an indication of which reference position is used in the calculation. A generous approximation can be in the order of 10 bits for the distance, 10 bits for the angle, and 2 bits for the reference position indication. This results in a 22 bits message size carrying the relative position.  
The Geo-info can be reported using RRC signalling or MAC Control Element and such reports can be both periodic as per network configuration or triggered by the network itself. In the LTE Positioning Protocol (LPP), there exists already a IE LocationInfo which is terminated in the LPP location server (E-SMLC or SLP) [4]. However, this is not part of the V2X architecture. As such, the use of RRC signalling for reporting Geo-info is more suitable, but a new RRC signal needs to be defined.
Proposal 6 A new RRC signal is introduced to carry the geo-info reports.

According to the agreements, the network can configure the UE to report the complete location info regardless of the zone configuration. Location info can be reported when the UE changes its location or it can be periodic or triggered by the eNB. Periodic reporting seems sufficient without further complicating the triggering mechanism. Further, speed and direction can be deduced from such periodic reporting. 
Proposal 7 Only periodic geo-info reporting is supported. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
Reducing location information report size is preferable in general, and becomes crucial for applications requiring the location info to be transmitted more frequently.


Based on the discussion in section 2 we propose the following:
Proposal 1
The eNB sends to the UE or pre-configures it with the necessary info to generate the zones. Such info describes the zone length and width together with the number of zones.
Proposal 2
Information about the zone-to-resource pool mapping can either be signalled to a UE, broadcasted to several UEs, or pre-configured to support the out-of-coverage case.
Proposal 3
Association between resources and positions can be applied by the eNB knowing the reported positions of the UEs.
Proposal 4
The UE reports its full coordinates in the UL Location info without the need to report the zone ID.
Proposal 5
In order to minimize the size of the geographical report, the UE encodes its position with respect to a reference position(s) advertised by the eNB.
Proposal 6
A new RRC signal is introduced to carry the geo-info reports.
Proposal 7
Only periodic geo-info reporting is supported.
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