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[bookmark: _Ref177802497]Introduction
A new work item on "NR Positioning Support" was agreed at RAN#83 [1]. The objectives include:
Define extensions of LPP protocol to support GNSS SSR (PPP-RTK support) based on the “Compact SSR” definitions specified for QZSS [RAN2]
During RAN WG2 Meeting #107 in Prague the underlying requirements for the definition of atmospheric correction points, the locations at which the atmospheric correction residuals are defined, were agreed.
In this contribution we propose a structure for the atmospheric correction points area definition.

Discussion
The QZSS specification [4] provides a full set of SSR messages including phase bias and atmospheric corrections. They are structured as RTCM [3] messages and include:
1. Compact SSR GNSS Orbit Correction (MT 4073,2),
2. Compact SSR GNSS Clock Corrections (MT 4073,3),
3. Compact SSR GNSS Satellite Code Bias (MT 4073,4),
4. Compact SSR Satellite Phase Bias (MT 4073,5),
5. Compact SSR GNSS URA (MT 4073,7)
6. Compact SSR STEC Correction (MT 4073,8),
7. Compact SSR Gridded Correction (MT 4073,9).
As part of the NR Positioning Work Item [1] these corrections have been agreed in the running CR [2]. However, the Gridded Correction message (MT 4073,9) is tailored to the Japan region, so adaptation and addition of a grid definition is required to generalise the protocol for worldwide usage. This adaptation is limited to a definition of the locations of the correction points, the correction data is otherwise encoded as per CLAS [4].
It is therefore proposed that an IE for a “Correction Point Area” comprising up to 64 correction points is defined. A service region may comprise multiple Correction Point Areas. 
The Correction Point Area IE could be encapsulated in a new correction message or it could be included in the Gridded Atmospheric Correction message. Although the latter results in repeated broadcast of static information this approach provides maximum flexibility in deployment of the service and is straight forward to implement.

Proposal 1: 	Add an IE for the Correction Point Area Definition to the SSR Gridded Atmospheric Correction message. 

Each Correction Point Area is defined in one of two ways:
· A simple list of coordinates for each correction point; or
· An array of coordinates in which the location of one corner is defined along with the number of rows and columns and the row and column spacing between points.
It is implementation dependant and up to the correction service provider in conjunction with the network operator to decide on how the areas will be defined and used.

Array of Correction Points with Bitmask
	CONTENT
	RESOLUTION
	BIT
	NOTE

	Issue of data grid information
	-
	3
	

	Network ID
	-
	8
	

	Latitude of reference point
	0.01deg
	15
	 

	Longitude of reference point
	0.01deg
	16
	 

	number of steps for latitude (nlat)
	-
	6
	 

	number of steps for longitude (nlon)
	-
	6
	 

	grid direction
	-
	1
	0:E->S,1:N->E
0: The reference point provides the North-West corner of the grid. Grid direction: start at the North West corner and end up at the South-East corner. 
1: The reference point provides the South-West corner of the grid. Grid direction: start at the South-West corner and end up at the North-East corner.

	Step for latitude
	0.01deg
	9
	Positive value >0

	Step for longitude
	0.01deg
	10
	Positive value >0

	bitmask for grid
	-
	nlat*nlon
	[bookmark: _GoBack]1 = point correction included
0 = point correction excluded



List of Correction Points
	CONTENT
	RESOLUTION
	BIT
	NOTE

	Issue of data grid information
	-
	3
	

	Network ID
	-
	8
	

	Latitude of Correction Point
	0.01deg
	15
	 

	Longitude of Correction Point
	0.01deg
	16
	 




-- ASN1START

SSR-AreaCorrectionPoints-r16 ::= SEQUENCE {
    iod-grid-info-r16					INTEGER (0..15),
	networkID-r16						GNSS-NetworkID-r16,
    pointCoordinates-r16 ::= CHOICE {
    	listOfCoordinates-r16        		ListOfCoordinates-r16,
    	rectangularWithBitmask-r16    		RectangularWithBitmask-r16
	}
}

ListOfCoordinates-r16 ::= SEQUENCE (SIZE(1..64)) OF ListOfCoordinateElements-r16

ListOfCoordinateElements-r16 ::=SEQUENCE {
    latitudeOfCorrectionPoint-r16	INTEGER (-16384..16383),
	longitudeOfCorrectionPoint-r16	INTEGER (-32768..32767)
}

RectangularWithBitmask-r16 ::=SEQUENCE {
    latitudeOfReferencePoint-r16	INTEGER (-16384..16383),
	longitudeOfReferencePoint-r16	INTEGER (-32768..32767)
    numberOfStepsLatitude-r16           INTEGER (0..63),
    numberOfStepsLongitude-r16          INTEGER (0..63),
    gridDirection-r16                   INTEGER (0..1),            OPTIONAL
    stepOfLatitude-r16                  INTEGER (1..512),          OPTIONAL
    stepOfLongitude-r16                 INTEGER (1..1024),         OPTIONAL
    bitmaskOfGrids-r16                  INTEGER (0..
numberOfStepsLatitude-r16* numberOfStepsLongitude-r16),
}

-- ASN1STOP

	SSR-CorrectionPoint field descriptions

	iod-grid-info
This field specifies the Issue of Data number for the correction point information. A change of iod-grid-id is used to indicate a change in the correction point configuration.

	networkID
This field provides the network ID

	latitudeOfCorrectionPoint, longitudeOfCorrectionPoint
These fields specify the coordinates of correction point

	latitudeOfReferencePoint, longitudeOfReferencePoint
These fields specify the coordinates of reference point of an array of points

	numberOfStepsLatitude, numberOfStepsLongitude
These fields specify the number of steps for latitude and longitude directions respectively.

	gridDirection
This field specifies the origin and the direction of enumeration of the correction points array. 
0 – the origin is the North-West corner, the sequence is Eastward, then Southward.
1 – the origin is the South-West corner, the sequence is Northward, then Eastward.

	stepOfLatitude, stepOfLongitude
These fields specify the spacing of the correction points for latitude and longitude respectively.

	bitmaskOfGrids
This field specifies the availability of the correction points in array of points. If a specific bit is enabled (set to ‘1’), the correction is available.



Example

An example is shown in Figure 1 below [10]. 23 correction points are defined, with the following coordinates (latitude, longitude):
(-15°,84°), (-15°,85°), (-15°,86°), (-15°,87°), (-15°,88°), (-16°,85°), (-16°,86°), (-16°,87°), (-16°,88°), (-16°,89°), (-16°,90°), (-17°,83°), (-17°,84°), (-17°,85°), (-17°,87°), (-17°,88°), (-17°,89°), (-18°,84°), (-18°,85°),  (-18°,86°), (-18°,87°),  (-18°,88°),  (-18°,89°)
Using the list of points definition, 11+(15+16)x23=724 bits are required. 
Using the array of points definition, the origin is  (-15°,83°) when gridDirection=0; numberOfStepsLatitude and numberOfStepsLongitude are set to 4 and 8 respectively; stepOfLatitude and stepOfLongitude are set to 1.0°; 11+15+16+5+5+1+9+10+4x8=104 bits is required to encode the correction point definition.
The bit map used to select availability of correction points requires 4*8=32 bits. The RLE scheme shown in [10] requires 6*9=54 bits.
[image: ]
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Conclusions
In this contribution, we have made the following proposal:
Proposal 1: 	Add an IE for the Correction Point Area Definition to the SSR Gridded Atmospheric Correction message. 
A text proposal for the changes to the running CR is in [8].
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