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1.
Introduction
At last RAN2#91bis meeting first discussion to the Indoor positioning WI [1] took place and as outcome the stage 2 CR to 36.305 [2] for introducing RAT-independent positioning methods (WLAN, BT, TBS and Barometric sensor) was endorsed as baseline running CR, and the corresponding stage 3 to 36.355 [3] was set to email discussion.
In this contribution we address open issues related to the RAT-independent positioning methods which we identified for discussion and decision. In detail, we address the following issues:
· Introduction of a new positioning mode
· Introduction of additional WLAN information
2.
Discussion
2.1
Introduction of a new positioning mode
In current LPP specification [4], the modes standalone, ue-based, ue-assisted are specified in PositioningModes IE as shown below. However, for the new RAT-independent positioning methods it was agreed to prioritize in Rel-13 the modes standalone and UE-assisted without network assistance. This was captured in the endorsed stage 2 running CR [2] accordingly. 
–
PositioningModes

The IE PositioningModes is used to indicate several positioning modes using a bit map. 

-- ASN1START

PositioningModes ::= SEQUENCE {


posModes

BIT STRING { 
standalone 
(0),










ue-based
(1),










ue-assisted
(2)  } (SIZE (1..8)),


...

}

-- ASN1STOP

However, with regards to the UE-assisted without network assistance positioning mode we see the potential for ambiguity when in future releases, the real UE-assisted mode may be supported for the RAT-independent positioning methods. In this case both the UE and network would then not know whether assistance data are required to receive or send resp. if the UE indicates “ue-asssisted” in IE PositioningModes in the respective ProvideCapabilities message. In order to avoid any potential ambiguity in the future with existing "ue-assisted" mode, we consider as beneficial to introduce a new mode "UE-assisted without assistance" in PositioningModes IE.
Proposal 1: RAN2 is asked to introduce a new mode "UE-assisted without assistance" in PositioningModes IE.
2.2
Introduction of additional WLAN information
The draft stage 3 CR to 36.355 [5] which was provided for email discussion is currently limited to the following WLAN related location information for the UE-assisted (without network assistance) mode:

	WLAN Location Information

	              BSSID

	SSID

	Received Signal Strength (RSSI)

	Round Trip Time (RTT)

	Measurement Reference Time

	Measurement characteristics


We think that the current set of WLAN location information can be further extended for improving the location accuracy of WLAN based positioning.
A)   FTM information
A better WLAN based positioning method that can provide location accuracy of 3m is the Fine Timing Measurement (FTM) being developed in IEEE as part of the 802.11mc specification [6]. FTM is in the scope of the Indoor positioning WI [1] and relies on measuring the RTT of a WLAN wideband signal using a bandwidth in the range [20, 40, 80, 160] MHz. The accuracy of RTT measurements can be significantly improved by using APs which support FTM. Furthermore, the higher the bandwidth used for RTT measurements the more accurate the RTT measurements are. In order to support FTM as part of WLAN based positioning the following changes in the stage 3 CR [5] need to be made:

1. WLAN AP capabilities related to FTM need to be added in WLAN-MeasurementElement-r13 as part of IE WLAN-ProvideLocationInformation-r13 as shown below (highlighted in color):
WLAN-MeasurementElement-r13 ::= SEQUENCE {


wlan-AP-Identifier-r13

WLAN-AP-Identifier-r13,


rssi-r13




INTEGER(-127..128)


OPTIONAL,


rtt-r13





WLAN-RTT-r13



OPTIONAL,


apCapabilities-r13


WLAN-Capabilities-r13 

OPTIONAL,


...

}
WLAN-Capabilities-r13 ::= SEQUENCE { 

fineTimingMeasurementCapable-r13
BOOLEAN 



OPTIONAL, 


supportedBW-r13 




WLAN-Bandwidths-r13 
OPTIONAL,


... 

}

WLAN-Bandwidths-r13 ::= BIT STRING { 

    bw20mhz    (0),

    bw40mhz    (1),

    bw80mhz    (2),

    bw160mhz   (3) } (SIZE(1..16))
2. Two additional RTT units (tensofpicoseconds, picoseconds) which are relevant for FTM need to be added WLAN-RTT-r13 as part of IE WLAN-ProvideLocationInformation-r13 as shown below (highlighted in color):
WLAN-RTT-r13 ::= SEQUENCE { 

 
rttValue-r13     INTEGER(0..16777215), 

 
rttUnits-r13     ENUMERATED { 
microseconds,










hundredsofnanoseconds,










tensofnanoseconds,










nanoseconds,










tenthsofnanoseconds,










tensofpicoseconds,
   








picoseconds,









... },

 
rttAccuracy-r13  INTEGER(0..255)

OPTIONAL,

 
...

}

3. The value apCap needs to be added in field requestedMeasurements-r13 as shown below (highlighted in color) with which the location server can request the UE to provide AP’s capability per IE WLAN-RequestLocationInformation-r13. 
WLAN-RequestLocationInformation-r13 ::= SEQUENCE {


requestedMeasurements-r13
BIT STRING {













rssi

(0),












rtt

(1),












apCap
(2) } (SIZE(1..8)),


...

}

In UE assisted mode without network assistance the WLAN positioning relies mainly on databases of installed APs maintained in the network and UE. We think that in practice the database of installed APs maintained in the network may not always up-to-date and the AP’s capability related to FTM may vary. Therefore, the AP’s capability is important because it allows the network to decide which APs to use for RTT measurements based on FTM. 
Proposal 2: RAN2 is asked to introduce FTM related information for improving the accuracy of WLAN positioning.
B)   AP location information
If requested by the location server and available from AP the UE may report the WLAN AP location (latitude, longitude, altitude) and other information as part of IE WLAN-ProvideLocationInformation-r13. In order to allow the UE to report the AP location information the following changes in the stage 3 CR [5] need to be made as shown below (highlighted in color):
WLAN-ReportedLocation-r13 ::= SEQUENCE { 


locationDataLCI-r13




LocationDataLCI-r13




OPTIONAL,

    locationDataZ-r13




LocationDataZ-r13




OPTIONAL, 

    locationDataRelLocationError-r13
LocationDataRelLocationError-r13
OPTIONAL,

    locationDataUsageRulesPolicy-r13
LocationDataUsageRulesPolicy-r13
OPTIONAL,

    locationDataCoLocated-r13


LocationDataCoLocated-r13


OPTIONAL,


...

}
LocationDataLCI-r13 ::= SEQUENCE {


latitudeResolution-r13

BIT STRING (SIZE (6)),


latitude
-r13




BIT STRING (SIZE (34)),


longitudeResolution-r13

BIT STRING (SIZE (6)),


longitude-r13



BIT STRING (SIZE (34)),


altitudeType-r13



BIT STRING (SIZE (4)),


altitudeResolution-r13

BIT STRING (SIZE (6)),


altitude
-r13




BIT STRING (SIZE (30)),


datum-r13




BIT STRING (SIZE (8)),


...

}
LocationDataZ ::= SEQUENCE { 

    expectedToMove-r13                BIT STRING (SIZE (2)),

    floorNumber-r13                   BIT STRING (SIZE (14)),

    heightAboveFloor-r13              BIT STRING (SIZE (16)),

    heightAboveFloorUncertainty-r13   BIT STRING (SIZE (8)),

    ...

}

LocationDataRelLocationError-r13  ::= SEQUENCE { 

    referenceAp-r13                 



BIT STRING ( SIZE (48) ),

    powerOfTwoHorizontalError-r13   



BIT STRING (SIZE (4)),

    powerOfTwoVerticalError-r13     



BIT STRING (SIZE (4)),

    ...

}

LocationDataUsageRulesPolicy-r13  ::= SEQUENCE { 

    retransmittionAllowed-r13  




BOOLEAN,

    staLocationPolicy-r13      




BOOLEAN,

    retentionExpiresRelative-r13



BIT STRING (SIZE(16)) OPTIONAL,

    ...


}

LocationDataCoLocated-r13  ::= SEQUENCE { 

    maxBssidInd-r13





 INTEGER(0..48) 


OPTIONAL,

    bssids-13






 SEQUENCE (SIZE (1..maxBSSIDcoloc-r13)) OF BIT STRING ( SIZE (48) ) OPTIONAL, 

    ...

}

maxBSSIDcoloc-r13

 INTEGER ::= 64
	locationDataLCI

This field provides the reported location of the AP in form of the Location Configuration Information (LCI) defined in [26][27] and includes the following subfields:

latitudeResolution: 
6-bits indicating 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: 

A 34-bits fixed point value consisting of 9-bits of integer and 25-bits of fraction 


indicating the Latitude (+/- 90 degrees) of the AP.

longitudeResolution: 
6-bits indicating 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: 

A 34-bits fixed point value consisting of 9-bits of integer and 25-bits of fraction 


indicating the Longitude (+/- 180 degrees) of the AP.

altitudeType: 
Defines the altitude type. Codes defined are:


1: Meters of altitude.


2: Building floors of altitude. altitude value 0.0 represents the floor level


    associated with ground level.

altitudeResolution: 
6-bits indicating 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: 

A 30-bit fixed point value consiting of 22-bits of  integer and 8-bits of fraction


indicating the Altitude of the AP/node in units defined by altitudeType.

datum: 

Defines the map datum used for the coordinates. Codes defined are:


1: World Geodetic System 1984 (WGS-84)


2: North American Datum 1983 (NAD-83) with North American Vertical Datum
 

    1988 (NAVD-88)


3: North American Datum 1983 (NAD-83) with Mean Lower Low Water (MLLW)


    vertical datum.

	locationDataZ                 

This field provides the reported Z location of the AP in form of the Location Configuration Information (LCI) defined in [26] and includes the following subfields: 

expectedToMove:
indicates whether the AP is expected to change its location

floorNumber:
indicates the floor number of the AP

heightAboveFloor:
height of the AP from the floor

heightAboveFloorUncertainty 

uncertainty for heightAboveFloor

	locationDataRelLocationError  

This field provides an error estimate for the AP's location, with reference to another AP. This is based on " Relative Location Error subelement" defined in [26] and includes the following subfields: 

referenceAp:
indicates the AP to which the error is relative to.

powerOfTwoHorizontalError:
codes horizontal error

powerOfTwoVerticalError:
codes vertical error

	locationDataUsageRulesPolicy  

This field is used to report report the usage rules of the reporting AP. This is based on "Usage Rules/Policy subelement" defined in [26] and includes the following subfields: 

retransmittionAllowed:
whether retransmission of data is allowed.

staLocationPolicy:
indicates whether additional STA or neighboring STA location information is available


if the additional information can be transferred more securely

 retentionExpiresRelative - indicates the number of hours for which this data is valid. If omitted, retention is forever.

	locationDataCoLocated        

This field is used to report the list of BSSIDs of the BSSs which share the same antenna connector with the reporting AP. This is based on "Co-Located BSSID List subelement" defined in [26] and includes the following subfields: 

-
maxBssidInd: indicates the maximum possible number of BSSs, including the reference BSS, which


share the same antenna connector and have the same 48-( maxBssidInd ) MSBs of the BSSIDs. 



For example, a value of 3 indicates that all APs with the same 45 BSSID MSBs as the reporting AP, 



are co-located.

-
bssids: List BSSIDs co-located on same antenna.


Proposal 3: RAN2 is asked to introduce AP location information for improving the accuracy of WLAN positioning.
In [7], [8] draft stage 2 and stage 3 CRs have been submitted to illustrate the necessary changes related to the proposals 2 and 3.

3.
Summary
In this contribution we addressed the open issues related to the RAT-independent positioning methods and made the following proposals:
Proposal 1: RAN2 is asked to introduce a new mode "UE-assisted without assistance" in PositioningModes IE.
Proposal 2: RAN2 is asked to introduce FTM related information for improving the accuracy of WLAN positioning.
Proposal 3: RAN2 is asked to introduce AP location information for improving the accuracy of WLAN positioning.
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