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1. Overall Description:

In order for the UE to report its IMU measurements such as acceleration to the network, there is a need for having acceleration defined as a universal geographical area description (GAD). The acceleration has very similar definition as the velocity definition which already exists in 23.032, which is referred in RAN2 36.355 specification. 
It has been notified that 23.032 is only applied to 2G and 3G networks and has not been updated since Rel. 6, however, there are evidence that this spec has been referred in LTE RAN2, RAN3 and CT4 LTE specifications. As SA2 may need some time to analyse the content of 23.032, RAN2 has provided the attached acceleration definition proposal which may be used as a baseline to show that the addition of acceleration definition might be straight forward. 
2. Actions:
To SA2 group.
ACTION: 
RAN2 kindly asks SA2 to consider adding the acceleration shape definition in 23.032, so that it would be used for referring in 36.355 signaling.
3. Date of Next TSG-RAN2 Meetings:
TSG-RAN2 Meeting #99Bis   

9-13 October 2017


Prague, Czech Republic
TSG-RAN2 Meeting #100

27 November-1 December 2017

Reno, Nevada
Description of Acceleration
A description of acceleration is applicable to any target entity on or close to the surface of the WGS84 ellipsoid.

9.1
Horizontal Acceleration

Horizontal acceleration is characterised by the rate of change in speed and bearing. The horizontal rate of change in speed gives the magnitude of the horizontal component of the acceleration of a target entity. The bearing provides the direction of the horizontal component of acceleration taken clockwise from North.
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Figure 11: Description of Horizontal Acceleration with Uncertainty

9.2
Horizontal and Vertical Acceleration
Horizontal and vertical acceleration is characterised by horizontal rate of change in speed, bearing, vertical rate of change in speed and direction. The horizontal rate of change in speed and bearing characterise the horizontal component of acceleration. The vertical rate of change in speed and direction provides the component of acceleration of a target entity in a vertical direction.

9.3
Horizontal Acceleration with Uncertainty

Horizontal acceleration with uncertainty is characterised by a horizontal rate of change in speed and bearing, giving a horizontal acceleration vector A, and an uncertainty rate of change in speed r. It describes the set of acceleration vectors a related to the given acceleration A as follows:


|a – A| ( r
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Figure 12: Description of Horizontal Acceleration with Uncertainty

9.4
Horizontal and Vertical Acceleration with Uncertainty

Horizontal and vertical acceleration with uncertainty is characterised by a horizontal rate of change in speed and bearing, giving a horizontal acceleration vector Ax,y, a vertical rate of change in speed and direction giving a vertical acceleration component Az,and uncertainty rate of change in speeds r1 and r2. It describes the set of acceleration vectors a with horizontal and vertical components ax,y, and az that are related to the given acceleration components Ax,y, and Az as follows:


|ax,y,  – Ax,y, | ( r1


|az - Az| ( r2
9.5
Coding Principles

Acceleration is encoded as shown in Figure 13. The acceleration type in bits 8-5 of octet 1 defines the type of acceleration information in succeeding bits.
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Figure 13: General Coding of Acceleration
9.6
Coding of Acceleration Type

Table 3 shows the coding of the acceleration type.

Table 3: Coding of Acceleration Type

	Bits
	

	4 3 2 1
	

	0 0 0 0
	Horizontal Acceleration

	0 0 0 1
	Horizontal with Vertical Acceleration

	0 0 1 0
	Horizontal Acceleration with Uncertainty

	0 0 1 1
	Horizontal with Vertical Acceleration and Uncertainty

	other values
	reserved for future use


9.7
Coding of Horizontal Rate of Change in Speed
Horizontal rate of change in speed is encoded in increments of 0.1 meter per square seconds using a 16 bit binary coded number N. The relation between the number N and the horizontal rate of change in speed r (in meters per square seconds) it encodes is described by the following equations:

N (  10 × r < N + 0.5
(N = 0)

N – 0.5 (  10 × r < N + 0.5
(0 < N < 2^16-1)

9.8
Coding of Bearing

Bearing is encoded in increments of 1 degree measured clockwise from North using a 9 bit binary coded number N. The relation between the number N and the bearing b (in degrees) it encodes is described by the following equation:

N ( b < N+1

except for 360 ( N < 511 which are not used.

9.9
Coding of Vertical Speed

Vertical rate of change in speed is encoded in increments of 0.1 meter per square seconds using 8 bits giving a number N between 0 and 28-1. The relation between the number N and the vertical rate of change in speed r  (in meters per square seconds) it encodes is described by the following equations:

N (  10 × r < N + 0.5
(N = 0)

N – 0.5 (  10 × r < N + 0.5
(0 < N < 2^8-1)

9.10
Coding of Vertical Speed Direction

Vertical speed direction is encoded using 1 bit: a bit value of 0 indicates upward speed; a bit value of 1 indicates downward speed.

9.11
Coding of Uncertainty Speed

Uncertainty rate of change in speed is encoded in increments of 0.1 meter per square seconds using 8 bit binary coded number N. The value of N gives the uncertainty speed except for N=255 which indicates that the uncertainty is not specified.

9.12
Coding of Horizontal Acceleration
The coding of horizontal acceleration is described in figure 14.
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Figure 14: Coding of Horizontal Acceleration
Bearing


Bit 1 of octet 1 is the high order bit; bit 1 of octet 2 is the low order bit

Horizontal Speed


Bit 1 of octet 4 is the low order bit

9.13
Coding of Horizontal with Vertical Acceleration
The coding of horizontal with vertical acceleration is described in figure 15.
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Figure 15: Coding of Horizontal with Vertical Acceleration
D:
Direction of Vertical Acceleration

Bit value 0
Upward


Bit value 1
Downward

9.14
Coding of Horizontal Acceleration with Uncertainty

The coding of horizontal acceleration with uncertainty is described in figure 16.
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Figure 16: Coding of Horizontal Acceleration with Uncertainty

9.15
Coding of Horizontal with Vertical Acceleration and Uncertainty

The coding of horizontal with vertical acceleration and uncertainty is described in figure 17.


[image: image7.wmf] 

 

8

 

7

 

6

 

5

 

4

 

3

 

2

 

1

 

 

Horizontal 

R

ate of 

C

hange in 

S

peed

 

 

0

 

0

 

1

 

0

 

Bearing

 

Octet 3

 

Octet 2

 

Octet 1

 

spare

 

Octet 4

 

Octet 5

 

Horizontal Uncertainty 

R

ate of 

C

hange in 

S

peed

 

Octet 6

 

Vertical Uncertainty 

R

ate of 

C

hange in 

S

peed

 

D

 

Octet 7

 

Vertical 

R

ate of 

C

hange in 

S

peed

 


Figure 17: Coding of Horizontal with Vertical Acceleration and Uncertainty

	Next change


Annex A (informative):
Element description in compact notation

The notation is the one described in GSM 04.07 [2].

<Geographical Area Description> ::=


<Point> |


<Point with uncertainty circle > |

      <Point with uncertainty ellipse> |


<Polygon> |


<Point with Altitude> |

<Point with altitude and uncertainty ellipsoid> |

      <Arc>;

<Point> : :=


0000 <spare>(4)


<Point horizontal co-ordinates> ;

<point horizontal co-ordinates> ::=


<Latitude sign : bit> <Unsigned latitude : bit string(23)>


<Longitude : bit string(24)> ;

<Point with uncertainty circle > ::=


0001 <spare>(4)


<Point horizontal co-ordinates>


<spare bit> <Uncertainty: bit string(7)> ;

<Point with uncertainty ellipse> ::=


0011 <spare>(4)


<Point co-ordinates>


<spare bit> <Uncertainty semi-major: bit string(7)>


<spare bit> <Uncertainty semi-minor: bit string(7)>

<Orientation of major axis: bit string(8)>

<spare bit> <Confidence: bit string(7)>;

<Polygon> ::=


0101 <Number of points>


<Point co-ordinates>(val(Number of points)) ;

<Number of points> ::=


0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 |


1011 | 1100 | 1101 | 1110 | 1111 ;

<Point with Altitude> ::=

1000 <spare>(4)

<Point horizontal co-ordinates>

<Point vertical co-ordinate>;

<point vertical co-ordinate> ::=


<sign : bit> <Unsigned altitude : bit string(15)>

<Point with altitude and uncertainty ellipsoid> ::=

1001 <spare>(4)

<Point horizontal co-ordinates>

<point vertical co-ordinate>


<spare bit> <Uncertainty semi-major: bit string(7)>


<spare bit> <Uncertainty semi-minor: bit string(7)>

<Orientation of major axis: bit string(8)>

<spare bit> <Uncertainty altitude: bit string(7)>

<spare bit> <Confidence: bit string(7)>;

<Ellipsoid Arc> ::=


<1010> spare(4)


<Point horizontal co-ordinates>


<Inner radius: bit string(16)>


<Spare bit> <Uncertainty radius: bit string(7)>;


<Offset angle: bit string(8)>


<Included angle: bit string(8)>

<spare bit> <Confidence: bit string(7)>;

<Velocity Description> ::=


<Horizontal Velocity> |


<Horizontal and Vertical Velocity> |

<Horizontal Velocity with Uncertainty>|

<Horizontal and Vertical Velocity with Uncertainty>;

<Horizontal Velocity> : :=

0000 <spare>(3)

<Bearing: bit string(9)>

<Horizontal speed: bit string(16)>;

<Horizontal and Vertical Velocity> : :=


0001 <spare>(2)

<Vertical direction : bit>

<Bearing: bit string(9)>

<Horizontal speed: bit string(16)>

<Vertical speed: bit string(8)>;

<Horizontal Velocity with Uncertainty> : :=

0010 <spare>(3)

<Bearing: bit string(9)>

<Horizontal speed: bit string(16)>

<Uncertainty Speed: bit string(8)>;

<Horizontal and Vertical Velocity with Uncertainty> : :=


0011 <spare>(2)

<Vertical direction : bit>

<Bearing: bit string(9)>

<Horizontal speed: bit string(16)>

<Vertical speed: bit string(8)>

<Horizontal Uncertainty Speed: bit string(8)>

<Vertical Uncertainty Speed: bit string(8)>;

<Acceleration Description> ::=


<Horizontal Acceleration > |


<Horizontal and Vertical Velocity> |

<Horizontal Acceleration with Uncertainty>|

<Horizontal and Vertical Acceleration with Uncertainty>;

<Horizontal Acceleration > : :=

0000 <spare>(3)

<Bearing: bit string(9)>

<Horizontal rate of change in speed: bit string(16)>;

<Horizontal and Vertical Acceleration > : :=


0001 <spare>(2)

<Vertical direction : bit>

<Bearing: bit string(9)>

<Horizontal rate of change in speed: bit string(16)>

<Vertical rate of change in speed: bit string(8)>;

<Horizontal Acceleration with Uncertainty> : :=

0010 <spare>(3)

<Bearing: bit string(9)>

<Horizontal rate of change in speed: bit string(16)>

<Uncertainty rate of change in Speed: bit string(8)>;

<Horizontal and Vertical Acceleration with Uncertainty> : :=


0011 <spare>(2)

<Vertical direction : bit>

<Bearing: bit string(9)>

<Horizontal rate of change in speed: bit string(16)>

<Vertical rate of change in speed: bit string(8)>

<Horizontal Uncertainty rate of change in Speed: bit string(8)>

<Vertical Uncertainty rate of change in Speed: bit string(8)>;
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