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1	Introduction
At RAN2#101, an email discussion was agreed to progress the shape recommendations to be sent to SA2 for the definition of a new High Accuracy 3D Point and related coding and message formats [3]:
[101#77][LTE/Positioning] Shape recommendations (Nokia)
	To converge on the shape recommendations to be sent to SA2.
	Output: Report to next meeting
	Deadline:  Thursday 2018-03-29

In this email discussion report, a text proposal for TS 23.032 [1] is provided which if agreed will be sent to SA2.
2	Discussion
The text proposal to TS 23.032 [1] involves the following:
•	Update to Section 5 of 23.032 to add a new High accuracy 3D point shape. This is done based HighAccuracy3DPosition IE defined in LPP running CR for the introduction of RTK GNSS [2]
•	Update to Section 6 of 23.032 to include new coding for the following: High accuracy point, High accuracy altitude, Uncertainty Altitude of a high accuracy point. This again is based on HighAccuracy3DPosition IE defined in LPP running CR for the introduction of RTK GNSS [2]
•	Update to Section 7 of 23.032 to define the message format for High accuracy 3D point shape. This is not included at the moment but if the shape and coding aspects are agreed then it is a matter of creating the message format figures which can be done by SA2 or Nokia can provide a company contribution for the update of the message format figures in 23.032
•	Proposal to reuse the coding already defined in Section 6.5 of TS 23.032 for "confidence” instead of the coding used for confidenceHorizontal-r15 and confidenceVertical-r15 in [2]
The Annex in this document shows an actual draft text proposal to TS 23.032.
Based on discussions, the following questions remain as open issues which needs further discussion at RAN2#101bis:
1. Whether we can keep the existing shape definition in Section 5.6a (High accuracy 3D point) and handle the Message formats (in Section 7 of [1]) as multiple instances of fixed length octet strings for different uncertainty shapes?
2. Whether we need both the options of CEP and ellipse as uncertainty shape?
3. Whether we need to replace the current High accuracy 3D point with multiple separate shapes from the following (and which ones):
a. High accuracy point with uncertainty ellipse (2D point with horizontal uncertainty)
b. High accuracy point with uncertainty CEP (2D point with horizontal uncertainty)
c. High accuracy point with Altitude (3D point with vertical uncertainty)
4. Whether we keep the existing shape definition in Section 5.6a (High accuracy 3D point) and just add one other High accuracy 2D point as ESA suggested?
5. Any other options than what are listed above?
In the following table, companies are invited to provide comments/suggestions/additional proposed changes/questions, etc. on the text proposal to TS 23.032 in Annex.
	Company
	Comments

	ESA
	1. Section 5.6a – We suggest to update the definition with “The "high accuracy 3D point " is expressed in terms of longitude, latitude and altitude in WGS84. The horizontal uncertainty and vertical uncertainty of the 3D point are provided independently: the shape of the former is characterised by either an ellipse or a circular error probability (CEP) while the shape of the latter is given by the uncertainty altitude of a high accuracy point (see 6.4a).

2. Section 5.6a: I can´t see any m and N in the formula? I believe the text description needs updating: maybe m can be replaced by h and N by K in the text description?

3. Section 6.4a:

· missing Table with example values for the uncertainty function

· Is the equation reflecting correctly the text description? There seems to be no term N in the equation…Maybe replace N with K in the text description?

4. For clarification, is section 6.2 intended to be used to express the horizontal uncertainty of the high accuracy 3D point? If so, I believe there is a disagreement with respect what is defined in Stage 3 draft CR: N (called K in TS 23.032) goes up to 254 not only 127, also C and x parameters are different. Consequently, the uncertainty for the high accuracy 3D point has a different range than what is now in 6.2
We suggest to introduce a 6.2a, similar to what Nokia already did for 6.4a. In addition, 6.2a to include a table with examples for uncertainty function to be consistent with other sections in TS 23.032.


	ESA
	Section 5.6a: N replaced by K
Section 6.4a: N replaced by K

Additional comments on April 4th:
Just for clarification,will the High accuracy point with altitude include information on the uncertainty shape too?. We like the current definition for the high accuracy 3D point because it is the most relevant for the high accuracy practice: it includes both the position and its uncertainty (I believe this should be mandatory in the context of high-accuracy positioning), the horizontal part and vertical part is decoupled too. 
 One could define two shapes: 
5.8. High accuracy 2D point (with uncertainty mentioned in the definition and cep is a case of ellipse - similar to what is known in 5.6a but adapted to 2D only).
5.9. High accuracy 3D point (exactly what is now in 5.6a - this accounts for the altitude, and the provision on uncertainty shape for horizontal position and vertical coordinate). Cep to be a special case of ellipse when semi-major and semi-minor axis are equal.

	Qualcomm
	1. 	Section 5.6a: The description of the new shape includes also details on the coding (i.e. CEP encoding formula). To be consistent with TS 23.032, the coding of the various elements should be defined in section 6.  
2. 	Although, section 7 is not included in the TP, it seems the proposal would result in a variable length octet string encoding (i.e., the size of the octet string would depend on the uncertainty shape (CEP circle or uncertainty ellipse)). I do not know if this is an issue or not, but I noticed that all other shapes (except polygon) have a fixed length. If this should be an issue (e.g., the coding gets complicated/inefficient, since a (in principle unnecessary) length field may be needed), a possibility would be to define two shapes: One with uncertainty circle (CEP) and one with uncertainty ellipse. However, since the circle is a special case of the ellipse, the CEP may also be encoded using the ellipse parameters. 
3. 	Section 6.2a: "…being able to code down to values as small as 6 centimetres…". K=1 corresponds to 0.006 m, which is 6 mm. 
Additional comments on April 4th:
The comment on variable length GAD shapes does not only affect section 7; it is more a general question on how many new GAD shapes we need. The new GAD shape(s) have to be listed/described in section 5. At the moment, we list only a single new GAD shape (“High accuracy 3D point”).
For the CEP vs. ellipse uncertainty, I can see the two options (as mentioned):
1.	Define two new GAD shapes, one with uncertainty circle (CEP) and one with uncertainty ellipse.
2.	Make the CEP-circle a special case of the ellipse.
#2 above appears to be simpler. However, during the email discussions of the LPP running CR for RTK, companies raised the issue that the altitude should be optional (e.g., may not always be available). If this is still a requirement, then it seems we need multiple new GAD shapes anyhow, with and without altitude, similar to the existing ellipsoid point GAD shapes

	Spirent / EC
	Section 5.6a: 
1. Sven indicates you should move the CEP coding from this section – in fact I think you have already copied the coding into 6.2a – so you just need to delete it in 5.6a.
2. " measure" should be " measured"
3. If you are referencing 6.4a "(see 6.4a)" it would be good to reference the CEP (6.2a) as well. Or don't reference anything!

Ellipse uncertainty:
I am a bit confused about what is happening for this. You say:
" The coding for semi-major axis and semi-minor axis for the ellipse uncertainty shape for High accuracy 3D point will be a 8 bit encoding (unlike the 7 bit encoding used for the ellipse shape already present in 23.032)."
So, does that mean nothing needs to change in section 6 in the TP below?

General:
It would be good to make the use of italics and non-italics consistent in the coding formulae and the text: mostly (but not always!) it seems that italics are used in the formulae, but non-italics are used in the text. 

	Ericsson
	Thanks for the discussion, I think we are converging to an aligned view. Sounds good to discuss in Sanya how many shapes we will need to define, but agree that there is a need for more than one.

	
	

	
	

	
	

	
	

	
	



Rapporteur’s summary:
Four companies participated in the email discussion and reviewed the text proposal to 23.032 provided in the Annex. After three iterations of updates based on received comments the text proposal for the most part is ready but couple of open issues remain. The number of shapes to be defined and how the uncertainty is characterized and corresponding text proposals for Section 5 and Section 7 of TS 23.032 remains open. While there is majority consensus that multiple shapes need to be defined for high accuracy point, there is no consensus on the exact number of shapes and how it should be defined. The rapporteur makes the following proposals:
Proposal 1: Use the text proposal to 23.032 provided in Annex as the baseline to capture further updates resulting from agreements in RAN2#101bis
Proposal 2: Agree that multiple shapes for high accuracy point with different uncertainty shapes with independent horizontal and vertical uncertainty is needed. Discuss further the specifics of the shapes and corresponding text proposals to 23.032
Proposal 3: Reuse the coding already defined in Section 6.5 of TS 23.032 for "confidence” instead of the coding used for confidenceHorizontal-r15 and confidenceVertical-r15 in baseline LPP CR in R2-1802690.
3	Conclusion
 Four companies participated in the email discussion and reviewed the text proposal to 23.032 provided in the Annex. After three iterations of updates based on received comments the text proposal for the most part is ready but couple of open issues remain. The number of shapes to be defined and how the uncertainty is characterized and corresponding text proposals for Section 5 and Section 7 of TS 23.032 remains open. While there is majority consensus that multiple shapes need to be defined for high accuracy point, there is no consensus on the exact number of shapes and how it should be defined. The rapporteur makes the following proposals:
Proposal 1: Use the text proposal to 23.032 provided in Annex as the baseline to capture further updates resulting from agreements in RAN2#101bis
Proposal 2: Agree that multiple shapes for high accuracy point with different uncertainty shapes with independent horizontal and vertical uncertainty is needed. Discuss further the specifics of the shapes and corresponding text proposals to 23.032
Proposal 3: Reuse the coding already defined in Section 6.5 of TS 23.032 for "confidence” instead of the coding used for confidenceHorizontal-r15 and confidenceVertical-r15 in baseline LPP CR in R2-1802690.	
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Annex
Text proposal for TS 23.032 to be sent to SA2.
[bookmark: _Toc477186204]Next Modified Subclause
5	Shapes
The intention is to incorporate a number of different shapes, that can be chosen according to need.
-	Ellipsoid Point;
-	Ellipsoid point with uncertainty circle;
-	Ellipsoid point with uncertainty ellipse;
-	Polygon;
-	Ellipsoid point with altitude;
-	Ellipsoid point with altitude and uncertainty ellipsoid;
-	Ellipsoid Arc.
-	High accuracy 3D point
Each shape is discussed individually.
[bookmark: _Toc477186205]5.1	Ellipsoid Point
The description of an ellipsoid point is that of a point on the surface of the ellipsoid, and consists of a latitude and a longitude. In practice, such a description can be used to refer to a point on Earth's surface, or close to Earth's surface, with the same longitude and latitude. No provision is made in this version of the standard to give the height of a point.
Figure 1 illustrates a point on the surface of the ellipsoid and its co-ordinates.
The latitude is the angle between the equatorial plane and the perpendicular to the plane tangent to the ellipsoid surface at the point. Positive latitudes correspond to the North hemisphere. The longitude is the angle between the half-plane determined by the Greenwich meridian and the half-plane defined by the point and the polar axis, measured Eastward.


[bookmark: _Ref334413301]Figure 1: Description of a Point as two co-ordinates
[bookmark: _Toc477186206]5.2	Ellipsoid point with uncertainty circle
The "ellipsoid point with uncertainty circle" is characterised by the co-ordinates of an ellipsoid point (the origin) and a distance r. It describes formally the set of points on the ellipsoid which are at a distance from the origin less than or equal to r, the distance being the geodesic distance over the ellipsoid, i.e., the minimum length of a path staying on the ellipsoid and joining the two points, as shown in figure 2.
As for the ellipsoid point, this can be used to indicate points on the Earth surface, or near the Earth surface, of same latitude and longitude.
The typical use of this shape is to indicate a point when its position is known only with a limited accuracy.


Figure 2: Description of an uncertainty Circle
[bookmark: _Toc477186207]5.3	Ellipsoid point with uncertainty ellipse
The "ellipsoid point with uncertainty ellipse" is characterised by the co-ordinates of an ellipsoid point (the origin), distances r1 and r2 and an angle of orientation A. It describes formally the set of points on the ellipsoid which fall within or on the boundary of an ellipse with semi-major axis of length r1 oriented at angle A (0 to 180o) measured clockwise from north and semi-minor axis of length r2, the distances being the geodesic distance over the ellipsoid, i.e., the minimum length of a path staying on the ellipsoid and joining the two points, as shown in figure 2a.
As for the ellipsoid point, this can be used to indicate points on the Earth's surface, or near the Earth's surface, of same latitude and longitude. The confidence level with which the position of a target entity is included within this set of points is also included with this shape.
The typical use of this shape is to indicate a point when its position is known only with a limited accuracy, but the geometrical contributions to uncertainty can be quantified.


Figure 2a: Description of an uncertainty Ellipse
[bookmark: _Toc477186208]5.4	Polygon
A polygon is an arbitrary shape described by an ordered series of points (in the example pictured in the drawing, A to E). The minimum number of points allowed is 3, and the maximum number of points allowed is 15. The points shall be connected in the order that they are given. A connecting line is defined as the line over the ellipsoid joining the two points and of minimum distance (geodesic). The last point is connected to the first. The list of points shall respect a number of conditions:
-	a connecting line shall not cross another connecting line;
-	two successive points must not be diametrically opposed on the ellipsoid.
The described area is situated to the right of the lines with the downward direction being toward the Earth's centre and the forward direction being from a point to the next.
NOTE:	This definition does not permit connecting lines greater than roughly 20 000 km. If such a need arises, the polygon can be described by adding an intermediate point.
Computation of geodesic lines is not simple. Approximations leading to a maximum distance between the computed line and the geodesic line of less than 3 metres are acceptable.


Figure 3: Description of a Polygon
[bookmark: _Toc477186209]5.5	Ellipsoid Point with Altitude
The description of an ellipsoid point with altitude is that of a point at a specified distance above or below a point on the earth's surface. This is defined by an ellipsoid point with the given longitude and latitude and the altitude above or below the ellipsoid point. Figure 3a illustrates the altitude aspect of this description.


Figure 3a: Description of an Ellipsoid Point with Altitude
[bookmark: _Toc477186210]5.6	Ellipsoid point with altitude and uncertainty ellipsoid
The "ellipsoid point with altitude and uncertainty ellipsoid" is characterised by the co-ordinates of an ellipsoid point with altitude, distances r1 (the "semi-major uncertainty"), r2 (the "semi-minor uncertainty") and r3 (the "vertical uncertainty") and an angle of orientation A (the "angle of the major axis"). It describes formally the set of points which fall within or on the surface of a general (three dimensional) ellipsoid centred on an ellipsoid point with altitude whose real semi-major, semi-mean and semi-minor axis are some permutation of r1, r2, r3 with r1  r2. The r3 axis is aligned vertically, while the r1 axis, which is the semi-major axis of the ellipse in a horizontal plane that bisects the ellipsoid, is oriented at an angle A (0 to 180 degrees) measured clockwise from north, as illustrated in Figure 3b.


Figure 3b: Description of an Ellipsoid Point with Altitude and Uncertainty Ellipsoid
The typical use of this shape is to indicate a point when its horizontal position and altitude are known only with a limited accuracy, but the geometrical contributions to uncertainty can be quantified. The confidence level with which the position of a target entity is included within the shape is also included.
Next Modified Subclause
[bookmark: _Toc477186211]5.6a	High accuracy 3D point
The "high accuracy 3D point" is expressed in terms of longitude, latitude and altitude in WGS84. The horizontal uncertainty and vertical uncertainty of the 3D point are provided independently: the shape of the former is characterised by either an ellipse or a circular error probability (CEP) while the shape of the latter is given by the uncertainty altitude of a high accuracy point (see 6.4a).
If the uncertainty shape of ellipse is used then the horizontal position uncertainty of the high accuracy 3D point is characterised by the co-ordinates of the 3D point (the origin), distances r1 and r2 and an angle of orientation A. It describes formally the set of points which fall within or on the boundary of a general (two dimensional) ellipse with semi-major axis of length r1 oriented at angle A (0 to 180o) measured clockwise from north and semi-minor axis of length r2, the distances being the geodesic distance over the ellipse, i.e., the minimum length of a path staying on the ellipse and joining the two points, as shown in Figure 2a.
If the uncertainty shape of CEP is used then the horizontal position uncertainty of the high accuracy 3D point is characterised by a Binomial expansion formula (see 6.2a).


5.7	Ellipsoid Arc
An ellipsoid arc is a shape characterised by the co-ordinates of an ellipsoid point o (the origin), inner radius r1, uncertainty radius r2, both radii being geodesic distances over the surface of the ellipsoid, the offset angle () between the first defining radius of the ellipsoid arc and North, and the included angle () being the angle between the first and second defining radii. The offset angle is within the range of 0 to 359,999… while the included angle is within the range from 0,000…1 to 360. This is to be able to describe a full circle, 0 to 360.
This shape-definition can also be used to describe a sector (inner radius equal to zero), a circle (included angle equal to 360) and other circular shaped areas. The confidence level with which the position of a target entity is included within the shape is also included.


Figure 3c: Description of an Ellipsoid Arc
[bookmark: _Toc477186212]6	Coding
[bookmark: _Toc477186213]6.1	Point
The co-ordinates of an ellipsoid point are coded with an uncertainty of less than 3 metres.
The latitude is coded with 24 bits: 1 bit of sign and a number between 0 and 223-1 coded in binary on 23 bits. The relation between the coded number N and the range of (absolute) latitudes X it encodes is the following (X in degrees):

	

except for N=223-1, for which the range is extended to include N+1.
The longitude, expressed in the range -180°, +180°, is coded as a number between -223 and 223-1, coded in 2's complement binary on 24 bits. The relation between the coded number N and the range of longitude X it encodes is the following (X in degrees):

	

[bookmark: _Toc477186214]Next Modified Subclause
6.1a	High accuracy point
The latitude for a high accuracy point, expressed in the range -90°, +90°, is coded as a number between -231 and 231-1, coded in 2's complement binary on 32 bits. The relation between the coded number N and the latitude X it encodes is the following (X in degrees):


The longitude for a high accuracy point, expressed in the range -180°, +180°, is coded as a number between -231 and 231-1, coded in 2's complement binary on 32 bits. The relation between the coded number N and the longitude X it encodes is the following (X in degrees):


6.2	Uncertainty
A method of describing the uncertainty for latitude and longitude has been sought which is both flexible (can cover wide differences in range) and efficient. The proposed solution makes use of a variation on the Binomial expansion. The uncertainty r, expressed in metres, is mapped to a number K, with the following formula:

	

with C = 10 and x = 0,1. With 0  K  127, a suitably useful range between 0 and 1800 kilometres is achieved for the uncertainty, while still being able to code down to values as small as 1 metre. The uncertainty can then be coded on 7 bits, as the binary encoding of K.
Table 1: Example values for the uncertainty Function
	Value of K
	Value of uncertainty

	0
	0 m

	1
	1 m

	2
	2,1 m

	-
	-

	20
	57,3 m

	-
	-

	40
	443 m

	-
	-

	60
	3 km

	-
	-

	80
	20 km

	-
	-

	100
	138 km

	-
	-

	120
	927 km

	-
	-

	127
	1800 km



[bookmark: _Toc477186215]6.2a	Horizontal uncertainty of a high accuracy point
A method of describing the uncertainty for latitude and longitude of a high accuracy point. The proposed solution makes use of a variation on the Binomial expansion. The uncertainty r, expressed in metres, is mapped to a number K, with the following formula:


with C = 0.3 and x = 0.02. With 0  K  255, a suitably useful range between 0 and 46.5 metres is achieved for the uncertainty, while still being able to code down to values as small as 6 millimetres. The uncertainty can then be coded on 8 bits, as the binary encoding of K.
Table 1a: Example values for the high accuracy horizontal uncertainty Function
	Value of K
	Value of uncertainty

	0
	0 m

	1
	0.006 m

	2
	0.01212 m

	-
	-

	20
	0.14578 m

	-
	-

	40
	0.36241 m

	-
	-

	60
	0.68430 m

	-
	-

	80
	1.16263 m

	-
	-

	100
	1.87339 m

	-
	-

	120
	2.92954 m

	-
	-

	127
	3.40973 m

	-
	-

	255
	46.49129 m




6.3	Altitude
Altitude is encoded in increments of 1 meter using a 15 bit binary coded number N. The relation between the number N and the range of altitudes a (in metres) it encodes is described by the following equation:

	

except for N=215-1 for which the range is extended to include all greater values of a.
The direction of altitude is encoded by a single bit with bit value 0 representing height above the WGS84 ellipsoid surface and bit value 1 representing depth below the WGS84 ellipsoid surface.
Next Modified Subclause
[bookmark: _Toc477186216]6.3a	High accuracy altitude
Altitude for a high accuracy point is encoded as a number N between -64000 and 1280000 using 2's complement binary on 22 bits. The relation between the number N and the altitude a (in metres) it encodes is described by the following equation:
a = N . 2-7
So, the altitude for high accuracy point, with a scale factor of 2-7, ranges between -500 metres and 10000 metres. The altitude is encoded representing height above or below the WGS84 ellipsoid surface.
6.4	Uncertainty Altitude
The uncertainty in altitude, h, expressed in metres is mapped from the binary number K, with the following formula:
	

with C = 45 and x = 0,025. With 0  K  127, a suitably useful range between 0 and 990 meters is achieved for the uncertainty altitude. The uncertainty can then be coded on 7 bits, as the binary encoding of K.
Table 2: Example values for the uncertainty altitude Function
	Value of K
	Value of uncertainty altitude

	0
	0 m

	1
	1,13 m

	2
	2,28 m

	-
	-

	20
	28,7 m

	-
	-

	40
	75,8 m

	-
	-

	60
	153,0 m

	-
	-

	80
	279,4 m

	-
	-

	100
	486,6 m

	-
	-

	120
	826,1 m

	-
	-

	127
	990,5 m



[bookmark: _Toc477186217]Next Modified Subclause
6.4a	Uncertainty Altitude of a high accuracy point
The uncertainty in altitude of a high accuracy point, h, expressed in metres is mapped from the binary number K, with the following formula:
	

with C = 0.3 and x = 0.02. With 0  K  255, a suitably useful range between 0 and 46.5 meters is achieved for the uncertainty altitude of a high accuracy point. The uncertainty can then be coded on 8 bits, as the binary encoding of K.
Table 2a: Example values for the high accuracy uncertainty altitude Function
	Value of K
	Value of uncertainty

	0
	0 m

	1
	0.006 m

	2
	0.01212 m

	-
	-

	20
	0.14578 m

	-
	-

	40
	0.36241 m

	-
	-

	60
	0.68430 m

	-
	-

	80
	1.16263 m

	-
	-

	100
	1.87339 m

	-
	-

	120
	2.92954 m

	-
	-

	127
	3.40973 m

	-
	-

	255
	46.49129 m



6.5	Confidence
The confidence by which the position of a target entity is known to be within the shape description, (expressed as a percentage) is directly mapped from the 7 bit binary number K, except for K=0 which is used to indicate 'no information', and 100 < K ≤128 which should not be used but may be interpreted as "no information" if received.
[bookmark: _Toc477186218]6.6	Radius
Inner radius is encoded in increments of 5 meters using a 16 bit binary coded number N. The relation between the number N and the range of radius r (in metres) it encodes is described by the following equation:

	

Except for N=216-1 for which the range is extended to include all greater values of r. This provides a true maximum radius of 327,675 meters.
The uncertainty radius is encoded as for the uncertainty latitude and longitude.
[bookmark: _Toc477186219]6.7	Angle
Offset and Included angle are encoded in increments of 2 using an 8 bit binary coded number N in the range 0 to 179. The relation between the number N and the range offset (ao) and included (ai) of angles (in degrees) it encodes is described by the following equations:
Offset angle (ao)
2 N <= ao < 2 (N+1)	Accepted values for ao are within the range from 0 to 359,9...9 degrees.
Included angle (ai)
2 N < ai <= 2 (N+1)	Accepted values for ai are within the range from 0,0...1 to 360 degrees.
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