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1. Introduction

The Further Indoor Positioning Enhancements for UTRA and LTE work item was approved at RAN#71 [1].  This work item includes the objective for the introduction of network assistance data for Barometric Pressure Sensor based positioning.
At RAN2#94, R2-164325 Assistance Data for Indoor Positioning enhancements [2] proposed several assistance data information elements.  One of the proposals included a more accurate latitude and longitude IE for the location of beacons.  There was no consensus on the inclusion of a more granular GAD (Geographical Area Description) for Latitude and Longitude of reference location points with the following editor’s note included in the running CR: “Higher resolution encoding of the Ellipsoid Point is FFS.”
2. Discussion 

This contribution examines the need for additional granularity as it relates to the accuracy of the current Geographical Area Description for the latitude and longitude of an ellipsoid point.  For UE-based positioning with network assistance, locations of beacons (e.g. WLAN APs, Bluetooth beacons, MBS beacons) are essential to determine the location of UEs.  These technologies may leverage the current GAD definition for an ellipsoid point with altitude as defined in TS 23.032 [3].  
From [3]: “an ellipsoid point can be used to refer to a specific location of a beacon on the Earth’s surface, or close to Earth’s surface (with an altitude component), with the same longitude and latitude. 

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.”
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Figure 1: Description of a Point as two co-ordinates

Currently, the coordinates of an ellipsoid point are coded with an uncertainty of less than 3 metres [3].

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):
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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):
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Latitude: 223 – 1 values = 8388607. Accurate to 0.00001073 Decimal degrees. (~1.2m)

Longitude:  223 – 1 values (positive and negative values, -180 to 180) = 8388607. Accurate to 0.00002146 Decimal degrees (~ 2.4 meters at the equator, about 2 meters in Sunnyvale, CA).
Given the recent FCC mandates and indoor positioning requirements, additional accuracy of the GAD object is necessary to locate emergency callers [4] and to minimize sources of error, positioning nodes and beacon locations should be expressed in finer granularity.
Proposal 1: Agree to define a more accurate GAD ellipsoid point to address indoor positioning requirements.
Fine granularity for beacon positions (MBS, WLAN APs, other positioning nodes) are necessary for indoor emergency positioning and future LBS that require enhanced accuracy.  Surveying of positioning nodes/beacons can get to a level of precision of around 50 cm today [5]. As shown in the examples below for Latitude and Longitude, an increase of just a few bits can get to a level of accuracy that may be sufficient:
Example 1 (2 additional bits for Lat/Long): 

Latitude: 225 – 1 values = 33554431. 
· Accurate to 0.000002682 Decimal degrees. (~ 0.3m)

Longitude:  225 – 1 values (positive and negative values, -180 to 180) = 33554431.  

· Accurate to 0.000005364 Decimal degrees (~0.6m at the equator, ~0.55m at 23rd parallel, ~0.42m at 45th parallel, ~0.23m at 67th parallel).
Example 2 (3 additional bits for Lat/Long):

Latitude: 226 – 1 values = 67108863. 
· Accurate to 0.000001341 Decimal degrees. (~0.15m)

Longitude:  226 – 1 values (positive and negative values, -180 to 180) = 67108863.  

· Accurate to 0.000002682 Decimal degrees (< 0.3 meters at the equator, ~0.27m at 23rd parallel, ~0.21m at 45th parallel, ~0.12m at 67th parallel).
Example 3 (LPPe HighAccuracy3DPosition IEs with 8 additional bits for Lat/Long [9]):

Latitude: 231 – 1 values = 2147483647. 
· Accurate to 4.19 X 10-8 Decimal degrees. (~4.7mm)

Longitude:  231 – 1 values (positive and negative values, -180 to 180) = 2147483647.  

· Accurate to 8.38 X 10-8 Decimal degrees (~9.3mm at the equator, ~8.6mm at 23rd parallel, ~6.6mm at 45th parallel, ~3.7mm at 67th parallel).
The LPPe HighAccuracy3DPosition IEs for Latitude and Longitude get to a level of accuracy that is not attainable for today’s surveying equipment.
Altitude requirements

Additionally, for the FCC requirements, floor level (< 3 meter) vertical accuracy is required [4].  Current vertical support with the GAD ellipsoid points with altitude is accurate to 1 meter, per TS 23.032 section 6.3 [3], which introduces additional errors in the position calculations.
Currently, the altitude related IEs are inefficient.  With the encoding in increments of 1 meter, the possible range of values are described as follows [6]:


altitudeDirection


ENUMERATED {height, depth},


altitude




INTEGER (0..32767)



-- 15 bit field

The highest point on earth is 8848 meters and the lowest point on dry land is 418 meters below sea level [7].  The current representation of the altitude IEs are quite inefficient.
In the Study Item phase of this work documented in TS 37.857 [8], vertical accuracies of 1 meter were obtained for various scenarios and technologies. In order to achieve this level of accuracy, it necessitates higher precision almanacing of e.g. small cells and other positioning transmission nodes.
The same range could be re-used, but rather than “Altitude is encoded in increments of 1 meter” per TS 23.032, this could be modified with:

The altitude is coded with 15 bits: a number between 0 and 215-1 coded in binary on 15 bits. The relation between the coded number N and the range of altitudes X it encodes is the following (X in meters):
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This would increase the granularity to roughly ¼ of a meter for the altitude.   Another alternative could be to eliminate the altitudeDirection IE and have the range of altitude from roughly -500 to 8850 (ranges consistent with the lowest and highest points on Earth).
A new ellipsoid point with altitude can be defined in LPP to support this additional accuracy:
-- ASN1START

EnhancedEllipsoidPointWithAltitude-r14 ::= SEQUENCE {


latitudeSign




ENUMERATED {north, south},


degreesLatitude-r14



INTEGER (0..67108863),


-- 26 bit field


degreesLongitude-r14


INTEGER (-67108863..67108863),
-- 27 bit field


altitudeDirection



ENUMERATED {height, depth},


altitude-r14




INTEGER (0..32767)



-- 15 bit field
}
-- ASN1STOP
LPPe option for additional accuracy

As an additional solution to this issue, LPPe has defined IEs to address the need for additional resolution of the positioning transmission nodes, in particular for WLAN access points [9]. LPPe leverages the LCI (Location Configuration Information) per [IEEE 802.11][RFC 6225] definitions.  This construct gives flexibility and optionally extremely fine resolution for the location of positioning transmission points (up to 34 bits for Latitudes and Longitudes).  See Annex B as a possible solution.
Also, note that RAN Plenary has advised RAN2 to use IEs defined in LPPe as a “starting point” for LPP IEs.
3. Conclusion

Based on the discussion above, the following is proposed: 
Proposal 1: Agree to define a more accurate GAD ellipsoid point with altitude to address indoor positioning requirements and incorporate a text proposal intro the running TS 36.355 CR..


Option A: Define a new common ellipsoid point with altitude described in LPP based on the existing TS 23.032 Ellipsoid Point. See Annex A for an example Text Proposal.

Option B: Define new common location configuration information IEs based on the construct in LPPe. See Annex B for an example Text Proposal.
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Annex A. Option A Text Proposal to Update LPP with a few additional bits
A new common IE is proposed to add additional position resolution over the existing GAD object defined in TS 23.032, but is largely based on that structure. Unchanged IEs are excluded and this also shows how TBS may leverage this common IE using the endorsed running CR as a baseline.
<Start of changed section>
6.4.1
Common Lower-Level IEs
–
EllipsoidPointWithAltitude

The IE EllipsoidPointWithAltitude is used to describe a geographic shape as defined in 3GPP TS 23.032 [15]. 

-- ASN1START

EllipsoidPointWithAltitude ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude



INTEGER (0..8388607),


-- 23 bit field


degreesLongitude


INTEGER (-8388608..8388607),
-- 24 bit field


altitudeDirection


ENUMERATED {height, depth},


altitude




INTEGER (0..32767)



-- 15 bit field

}

-- ASN1STOP

–
EllipsoidPointWithAltitudeAndUncertaintyEllipsoid

The IE EllipsoidPointWithAltitudeAndUncertaintyEllipsoid is used to describe a geographic shape as defined in 3GPP TS 23.032 [15]. 

-- ASN1START

EllipsoidPointWithAltitudeAndUncertaintyEllipsoid ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude



INTEGER (0..8388607),


-- 23 bit field


degreesLongitude


INTEGER (-8388608..8388607),
-- 24 bit field


altitudeDirection


ENUMERATED {height, depth},


altitude




INTEGER (0..32767),



-- 15 bit field


uncertaintySemiMajor

INTEGER (0..127),


uncertaintySemiMinor

INTEGER (0..127),


orientationMajorAxis

INTEGER (0..179),


uncertaintyAltitude


INTEGER (0..127),


confidence




INTEGER (0..100)

}

-- ASN1STOP

–
EnhancedEllipsoidPointWithAltitude

The IE EnhancedEllipsoidPointWithAltitude is used to describe a geographic shape, as defined in 3GPP TS 23.032 [15], with the exception of degreesLatitude, degreesLongitude, and altitude. 

-- ASN1START

EnhancedEllipsoidPointWithAltitude-r14 ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude-r14


INTEGER (0..67108863),


-- 26 bit field


degreesLongitude-r14

INTEGER (-67108863..67108863),
-- 27 bit field


altitudeDirection


ENUMERATED {height, depth},


altitude-r14



INTEGER (0..32767)



-- 15 bit field

}

-- ASN1STOP

	EnhancedEllipsoidPointWithAltitude field descriptions

	EnhancedEllipsoidPointWithAltitude
This datatype is derived from EllipsoidPointWithAltitude with modifications to the fields degreesLatitude and degreesLongitude as to faciliate higher resolution encoding (to 26 bits and 27 bits respectively). The following coding is used, based on the GAD coding in [15]:  

The latitude is coded with 26 bits: 1 bit of sign and a number between 0 and 226-1 coded in binary on 26 bits. The relation between the coded number N and the range of (absolute) latitudes X it encodes is the following (X in degrees):
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except for N=226-1, for which the range is extended to include N+1.

The longitude, expressed in the range -180°, +180°, is coded as a number between -226 and 226-1, coded in 2’s complement binary on 27 bits. The relation between the coded number N and the range of longitude X it encodes is the following (X in degrees):
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The altitude is coded with 15 bits: a number between 0 and 215-1 coded in binary on 15 bits. The relation between the coded number N and the range of altitudes X it encodes is the following (X in meters):
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–
EnhancedEllipsoidPointWithAltitudeAndUncertaintyEllipsoid

The IE EnhancedEllipsoidPointWithAltitudeAndUncertaintyEllipsoid is used to describe a geographic shape as defined in 3GPP TS 23.032 [15], with the exception of degreesLatitude, degreesLongitude, and altitude. 

-- ASN1START

EnhancedEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-r14 ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude-r14


INTEGER (0.. 67108863),


-- 26 bit field


degreesLongitude-r14

INTEGER (-67108863..67108863),
-- 27 bit field


altitudeDirection


ENUMERATED {height, depth},


altitude-r14



INTEGER (0..32767),



-- 15 bit field


uncertaintySemiMajor

INTEGER (0..127),


uncertaintySemiMinor

INTEGER (0..127),


orientationMajorAxis

INTEGER (0..179),


uncertaintyAltitude


INTEGER (0..127),


confidence




INTEGER (0..100)

}

-- ASN1STOP

<End of changed section>

<Start of next changed section>
6.5.5.y
TBS Assistance Data Elements

–
TBS-AssistanceDataList

The IE TBS-AssistanceDataList is used by the location server to provide the TBS specific assistance data to the UE.

-- ASN1START

TBS-AssistanceDataList-r14 ::= SEQUENCE {


mbs-AssistanceDataList-r14

MBS-AssistanceDataList-r14 

OPTIONAL,

...

}
MBS-AssistanceDataList-r14 ::= SEQUENCE (SIZE (1..maxMBS)) OF MBS-AssistanceDataElement-r14

MBS-AssistanceDataElement-r14 ::= SEQUENCE {


mbs-AlmanacAssistance-r14

MBS-AlmanacAssistance-r14 


OPTIONAL,
-- Need ON

mbs-AcquisitionAssistance-r14
MBS-AcquisitionAssistance-r14 

OPTIONAL,
-- Need ON 


...

}
maxMBS 

INTEGER ::= 64
-- ASN1STOP

–
MBS-AlmanacAssistance
The IE MBS-AlmanacAssistance is used by the location server to provide LLA of MBS transmitters to enable position estimation at the UE.
-- ASN1START

MBS-AlmanacAssistance-r14 ::= SEQUENCE {

transmitterID-r13
INTEGER (0..32767),

transmitterLLA-r14
EnhancedEllipsoidPointWithAltitude-r14,

...

}

-- ASN1STOP
	MBS-AlmanacAssistance field descriptions

	transmitterID

This field specifies the MBS transmitter ID.

	transmitterLLA

This field specifies location of the MBS transmitter. 



<End of changed section>

Annex B. Option B Text Proposal to Update Object based on LPPe
The baseline text uses the Release 13 LPP specification.  Unchanged IEs are excluded and this also shows how TBS may leverage this common IE using the endorsed running CR as a baseline.
<Start of changed section>
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 36.305: "Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN". 

[3]
3GPP TS 23.271: "Functional stage 2 description of Location Services (LCS)".

[4]
IS-GPS-200, Revision D, Navstar GPS Space Segment/Navigation User Interfaces, March 7th, 2006.
[5]
IS-GPS-705, Navstar GPS Space Segment/User Segment L5 Interfaces, September 22, 2005.

[6]
IS-GPS-800, Navstar GPS Space Segment/User Segment L1C Interfaces, September 4, 2008.

[7]
IS-QZSS, Quasi Zenith Satellite System Navigation Service Interface Specifications for QZSS, Ver.1.1, July 31, 2009.

[8]
Galileo OS Signal in Space ICD (OS SIS ICD), Issue 1.2,  February 2014, European Union.
[9]
Global Navigation Satellite System GLONASS Interface Control Document, Version 5.1, 2008.

[10]
Specification for the Wide Area Augmentation System (WAAS), US Department of Transportation, Federal Aviation Administration, DTFA01-96-C-00025, 2001.

[11]
RTCM-SC104, RTCM Recommended Standards for Differential GNSS Service (v.2.3), August 20, 2001.

[12]
3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); "Radio Resource Control (RRC); Protocol specification".

[13]
3GPP TS 25.331: "Radio Resource Control (RRC); Protocol Specification".

[14]
3GPP TS 44.031: "Location Services (LCS); Mobile Station (MS) - Serving Mobile Location Centre (SMLC) Radio Resource LCS Protocol (RRLP)".

[15]
3GPP TS 23.032: "Universal Geographical Area Description (GAD)".

[16]
3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation".

[17]
3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer – Measurements".

[18]
3GPP TS 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management".

[19]
3GPP TS 23.003: "Numbering, addressing and identification".

[20]
OMA-TS-LPPe-V1_0, LPP Extensions Specification, Open Mobile Alliance.

[21]
3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".
[22]
ITU-T Recommendation X.691 (07/2002) "Information technology - ASN.1 encoding rules: Specification of Packed Encoding Rules (PER)" (Same as the ISO/IEC International Standard 8825-2).
[23]
BDS-SIS-ICD-2.0: "BeiDou Navigation Satellite System Signal In Space Interface Control Document Open Service Signal (Version 2.0)", December 2013.
[24]
ATIS-0500027: "Recommendations for Establishing Wide Scale Indoor Location Performance", May 2015.
[25]
Bluetooth Special Interest Group: "Bluetooth Core Specification v4.2", December 2014.
[26]
IEEE 802.11, Part 11: "Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications".
[XX]
RFC 6225: “Dynamic Host Configuration Protocol Options for  Coordinate-Based Location Configuration Information”
<End of changed section>

<Start of next changed section>
6.4.1
Common Lower-Level IEs
–
EllipsoidPointWithAltitude

The IE EllipsoidPointWithAltitude is used to describe a geographic shape as defined in 3GPP TS 23.032 [15]. 

-- ASN1START

EllipsoidPointWithAltitude ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude



INTEGER (0..8388607),


-- 23 bit field


degreesLongitude


INTEGER (-8388608..8388607),
-- 24 bit field


altitudeDirection


ENUMERATED {height, depth},


altitude




INTEGER (0..32767)



-- 15 bit field

}

-- ASN1STOP

–
EllipsoidPointWithAltitudeAndUncertaintyEllipsoid

The IE EllipsoidPointWithAltitudeAndUncertaintyEllipsoid is used to describe a geographic shape as defined in 3GPP TS 23.032 [15]. 

-- ASN1START

EllipsoidPointWithAltitudeAndUncertaintyEllipsoid ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude



INTEGER (0..8388607),


-- 23 bit field


degreesLongitude


INTEGER (-8388608..8388607),
-- 24 bit field


altitudeDirection


ENUMERATED {height, depth},


altitude




INTEGER (0..32767),



-- 15 bit field


uncertaintySemiMajor

INTEGER (0..127),


uncertaintySemiMinor

INTEGER (0..127),


orientationMajorAxis

INTEGER (0..179),


uncertaintyAltitude


INTEGER (0..127),


confidence




INTEGER (0..100)

}

-- ASN1STOP

–
LocationDataLCI
The IE LocationDataLCI is used to provide the reported location in form of the Location Configuration Information (LCI) defined in [26][XX].
-- ASN1START

LocationDataLCI-r14 ::= SEQUENCE {


latitudeResolution-r14


BIT STRING (SIZE (6)),


latitude-r14




BIT STRING (SIZE (34)),


longitudeResolution-r14


BIT STRING (SIZE (6)),


longitude-r14




BIT STRING (SIZE (34)),


altitudeType-r14



BIT STRING (SIZE (4)),


altitudeResolution-r14


BIT STRING (SIZE (6)),


altitude-r14




BIT STRING (SIZE (30)),


datum-r14





BIT STRING (SIZE (3)),

...

}

-- ASN1STOP

	LocationDataLCI field descriptions

	latitudeResolution: 
This field indicates the number of valid bits in the fixed-point value of latitude. This value is the number of high-order Latitude bits that should be considered
 valid. Any bits entered to the right of this limit should not be considered valid.
 Values above decimal 34 are undefined and reserved.

	latitude
This field is a fixed point value consisting of 9-bits of integer and 25-bits of fraction indicating the Latitude (+/- 90 degrees) of the location.

	longitudeResolution
This field indicates the number of valid bits in the fixed-point value of longitude.  This value is the number of high-order Longitude bits that should be considered valid. Any bits entered to the right of this limit should not be considered valid. Values above decimal 34 are undefined and reserved.

	longitude
This field is a fixed point value consisting of 9-bits of integer and 25-bits of fraction indicating the Longitude (+/- 180 degrees).

	altitudeType
This field defines the altitude type. The encoding of the defined bits are as follows:

‘0000’: Altitude not provided.

‘0001’: Meters of altitude.

‘0010’: Building floors of altitude. altitude value 0.0 represents the floor level associated with ground level.

	altitudeResolution
This field indicates the number of valid bits in the altitude. This value is the number of high-order Altitude bits that should be considered valid. Any bits entered to the right of this limit should not be considered valid. Values above decimal 30 are undefined and reserved.)

	altitude
This field is a fixed point value consiting of 22-bits of  integer and 8-bits of fraction indicating the Altitude in units defined by altitudeType.

	datum
This field defines the map datum used for the coordinates. The encoding of the defined bits are as follows:

‘001’: World Geodetic System 1984 (WGS-84)

‘010’: North American Datum 1983 (NAD-83) with North American Vertical Datum 1988 (NAVD-88)

‘011’: North American Datum 1983 (NAD-83) with Mean Lower Low Water (MLLW) vertical datum.


<End of changed section>

<Start of next changed section>
6.5.5.y
TBS Assistance Data Elements

–
TBS-AssistanceDataList

The IE TBS-AssistanceDataList is used by the location server to provide the TBS specific assistance data to the UE.

-- ASN1START

TBS-AssistanceDataList-r14 ::= SEQUENCE {


mbs-AssistanceDataList-r14

MBS-AssistanceDataList-r14 

OPTIONAL,

...

}
MBS-AssistanceDataList-r14 ::= SEQUENCE (SIZE (1..maxMBS)) OF MBS-AssistanceDataElement-r14

MBS-AssistanceDataElement-r14 ::= SEQUENCE {


mbs-AlmanacAssistance-r14

MBS-AlmanacAssistance-r14 


OPTIONAL,
-- Need ON

mbs-AcquisitionAssistance-r14
MBS-AcquisitionAssistance-r14 

OPTIONAL,
-- Need ON 


...

}
maxMBS 

INTEGER ::= 64
-- ASN1STOP

–
MBS-AlmanacAssistance
The IE MBS-AlmanacAssistance is used by the location server to provide LLA of MBS transmitters to enable position estimation at the UE.
-- ASN1START

MBS-AlmanacAssistance-r14 ::= SEQUENCE {

transmitterID-r13
INTEGER (0..32767),

transmitterLLA-r14
LocationDataLCI-r14,

...

}

-- ASN1STOP
	MBS-AlmanacAssistance field descriptions

	transmitterID

This field specifies the MBS transmitter ID.

	transmitterLLA

This field specifies location of the MBS transmitter. 



<End of changed section>

3GPP


_1048426136.unknown

_1516606445.unknown

_1516606471.unknown

_1290862372.doc



_1048426128.unknown

