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1.  

Introduction
At RAN2#90 meeting, a text proposal for TR 37.857 [1] on WiFi, BT, and Barometric Sensor positioning was agreed [2]. These positioning methods can operate in Standalone (Autonomous), UE-assisted and UE-based mode. Three signalling protocol options to support these methods in E-UTRAN were identified:
· Option #1: Existing LPP/LPPe;
· Option #2: LPP Updates;
· Option #3: RRC and LPPa.
In this contribution, we provide some details of the positioning methods and evaluate the possible signalling protocol options for E-UTRAN and UTRAN.
A text proposal for TR 37.857 [1] is proposed in the Annex of this contribution.

2. 

UE Positioning Methods
WiFi, BT, and Barometric Sensor positioning would be new positioning methods for UTRAN and E-UTRAN access [3,4]. These methods may be supported in UE-assisted, UE-based, and standalone/autonomous mode.
2.1
 

WiFi Positioning
WiFi positioning makes use of existing WiFi infrastructure and shares some similarities with other positioning methods used in cellular networks. The most basic method of location determination is to take the location of the nearest fixed access point (AP) to a target UE and use that as the location of the UE. The access point may be identified by its service set identifier (SSID) and/or its basic service set identifier (BSSID) (MAC address). This is similar to the Cell-ID location method in UTRAN/E-UTRAN. 

Other methods may make use of UE received signal strength indicator (RSSI). The RSSI may be used to extract range information (e.g., with the knowledge of the AP transmit power and some pathloss models), or may be compared with a map of expected signal strength in the WiFi network coverage area (e.g., Pattern Matching), etc.  This is similar to the Enhanced Cell-ID location method in UTRAN/E-UTRAN.
More advanced methods may make use of ranging measurements between a UE and one or more APs. For example, the IEEE Fine Timing Measurement (FTM) procedure [5,1] can be used to obtain the round trip time (RTT) to one or more APs. UE location may then be obtained via tri-/multilateration methods. This is similar to the OTDOA location method in UTRAN/E-UTRAN.
2.2
 

BT-LE Positioning
Bluetooth Low Energy (BT-LE) (also known as Bluetooth 4.0) is a specification of Bluetooth technology developed by the Bluetooth Special Interest Group (SIG) [6]. A BT-LE beacon is a small AP that emits a BT-LE signal. The beaconing, or advertising mode, permitted in the BT-LE standard enables a very short, unsolicited message at flexible update rates. These messages can be used to allow a UE to detect close proximity to a specific location based on the BT-LE beacon ID and/or Received Signal Strength (RSS). Therefore, a BT-LE beacon positioning method is similar to both WiFi positioning and to Cell-ID and Enhanced Cell-ID in UTRAN/E-UTRAN.

2.3
 

Barometric Sensor Positioning
The use of barometric sensors for identifying height information is motivated by the fundamental property that atmospheric pressure drops with an increase in altitude. The relation between barometric pressure and altitude is affected not only by the temperature, but also by various environmental phenomena, such as weather conditions and humidity, which vary by location and throughout the day. 

Since sea level air pressure varies with weather conditions and with location a network of reference stations is needed. It must be able to provide reference measurements that are sufficient accurate and close to any known UE horizontal (x, y) location. For example, the National Oceanic and Atmospheric Administration (NOAA) Aviation Digital Data Service (ADDS) makes available related weather variables. 
To calculate altitude and/or floor level based on UE barometric pressure measurements, the following steps are usually performed (with steps 1 and 2 being mandatory and steps 3 and 4 conditional on the type of altitude required):
1. Barometers in the UE measure uncompensated barometric pressure (UBP) (output: pressure readings in hecto-Pascal);
2. A reference network of weather sensors measures barometric pressure (reference pressure) at a defined reference level (Mean Sea Level (MSL)) throughout the service area. The difference between the UE’s barometric pressure measurement and the (interpolated) reference pressure at the UE’s (x, y) location is then converted into an altitude above MSL, using barometric formula (Output: meters above sea level).
3. The UE’s altitude above MSL is converted to altitude above ground (street) level by determining the ground level altitude above MSL at the UE’s (x, y) location using a Terrain Elevation Database (Output: meters above street level).
4. Height above street level is translated to a specific floor level using three-dimensional building models (output: building specific floor number).
3. 

Information to be transferred between SMLC and UE
The information transferred from SMLC (E-SMLC and SAS) to the UE usually consist of assistance data, which are useful or essential for the UE to perform location measurements and position calculation. The assistance data that may be sent from SMLC to the UE are summarized in Table 1 below.
For WiFi positioning, the assistance data may include a neighbour list of APs available for measurements (e.g., for RTT measurements). For a minimal UE-assisted version (in particular for Cell-ID only location), this assistance data may not be needed, and the UE may provide the measurements based on the scan performed by the UE. For UE-based mode, the assistance data may include (in addition) the AP 3D-locations. 
BT-LE positioning is based on proximity information and may not require assistance data for UE-assisted mode. For UE-based mode, the BT-LE beacon 3D locations would be required in the assistance data. 
For Barometric Sensor Positioning, no assistance data may be required for UE-assisted mode. For UE-based mode, reference pressure measurements would be required either alone or together with terrain/topographic data, depending on whether height above MSL or local ground level is needed.
Table 1: Information that may be transferred from the SMLC to the UE

	Assistance Data
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	WiFi Positioning

	WLAN AP List
	
	
	

	· AP ID (MAC Address)
	Yes(2)
	Yes
	No

	· SSID
	Yes(2)
	Yes
	No

	· AP Type Data(1)
	Yes(2)
	Yes
	No

	· AP 3D-Location
	No
	Yes
	No

	BT-LE Positioning

	BTLE AP List
	
	
	

	· AP ID (MAC Address)
	No
	Yes
	No

	· AP 3D Location
	No
	Yes
	No

	Barometric Sensor Positioning

	Sensor Assistance Data
	
	
	

	· Reference atmospheric pressure at sea level
	No
	Yes
	No

	· topographic data (e.g., contour and building height data)
	No
	Yes(3)
	No

	NOTE 1: 
WLAN AP Type Data may include WLAN Type (e.g., 802.11a/b/g/n/ac/ad, etc.), transmit power, antenna again, coverage area, etc.

NOTE 2: 
The Assistance Data for UE-assisted mode may provide a "neighbour list" to the UE to help AP measurements (e.g., identifies suitable neighbours for ranging measurements (such as RTT)). For a "minimal UE-assisted" version, this Assistance Data may not be needed (e.g., the UE just reports what a scan provides). 

NOTE 3:   Topographic data is needed to calculate height above/below local ground level but is not needed for height above/below MSL.


The information transferred from the UE to the SMLC (E-SMLC and SAS) usually consists of capability information and location measurements. The information that may be signalled from the UE to the SMLC is summarized in Table 2 below.
Table 2: Information that may be transferred from the UE to the SMLC

	Information
	UE‑assisted
	UE‑based
	Standalone/
Autonomous

	UE Capabilities
	
	
	

	· Support for WLAN Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	· Support for BTLE Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	· Support for Sensor Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	WLAN Location Information
	
	
	

	· AP ID (MAC Address)
	Yes
	No
	No

	· SSID
	Yes
	No
	No

	· Received Signal Strength (RSSI)
	Yes
	No
	No

	· Round Trip Time (RTT)
	Yes
	No
	No

	BTLE Location Information
	
	
	

	· BTLE AP ID (MAC Address)
	Yes
	No
	No

	· Received Signal Strength (RSSI)
	Yes
	No
	No

	Sensor Location Information
	
	
	

	· Atmospheric  pressure measurement
	Yes
	No
	No

	UE Location Information
	
	
	

	· UE 3D Location Estimate
	No
	Yes
	Yes

	· Time Stamp
	No
	Yes
	Yes

	· Location Source (method(s) used to compute location)
	No
	Yes
	Yes

	NOTE 1:     Because an SMLC does not need to provide assistance data or request specific measurements for standalone/autonomous positioning, detailed capabilities distinguishing different types of standalone/autonomous positioning may not be essential.


4. 

E-UTRAN Positioning Procedures

The E-UTRAN positioning architecture and protocols are shown in Figure 1 below. The protocol used between the location server (E-SMLC) and UE is the LTE Positioning Protocol (LPP) specified in [7]. 


[image: image1.emf]UE

eNode B

MME

E-SMLC

LTE-Uu S1

SLs

GMLC

SL

g

L

P

P

T

S  

3

6

.

3

5

5

L

C

S

-

A

P

T

S

 

2

9

.

1

7

1

TS 29.172

L

P

P

a

T

S  

3

6

.

4

5

5


Figure 1: E-UTRA Positioning Architecture and Location Protocols.

To enable WiFi/BT/Sensor positioning in LTE control plane location, three protocol options have been identified in [2]:
Option #1:
Existing LPP/LPPe:
WiFi/BT/Sensor positioning is supported in OMA LPPe protocol [8], for both, UE-based and UE-assisted mode. LPPe is supported in LPP [7] via an EPDU ID (EPDU-ID 1).
Option #2:
LPP Updates:
WiFi/BT/Sensor measurements and assistance data may be included in LPP [7], together with corresponding UE capability updates. The method used to compute the location estimate may also need to be included in the UE measurement report.
Option #3:
RRC and LPPa:
WiFi/BT/Sensor measurements and assistance data may be included in the RRC measurement configuration [9], together with corresponding UE capability updates. The UE measurements may be forwarded to the E‑SMLC via LPPa [10]. The server generated assistance data may be provided to the eNB via LPPa. The method used to compute the location estimate may also need to be included in the UE measurement report.
4.1
 

Positioning Message Sequence 

The messages exchanged between a location server and UE usually consist of capability transfer, assistance data transfer, and location information transfer. The message sequence for protocol option #1 (Existing LPP/LPPe) and option #2 (LPP Updates) would be the same. The difference between these two options would be at which level in LPP the new information elements for WiFi/BT/Sensors are included (see section 4.2).
The typical positioning procedure for LPP/LPPe is shown in Figure 2 below, and is the same as used today for the existing LPP positioning methods [3] (e.g., GNSS or OTDOA). This LPP message sequence is also the same as used today for user plane location (SUPL [11]).
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Figure 2: Positioning procedure using LPP/LPPe (Option #1 and Option #2).
1.
The server may send a request for the positioning capabilities of the target. 
2.
The target transfers its positioning capabilities to the server. The capabilities usually refer to a particular position method. Support for WiFi/BT/Sensor positioning and the supported mode (UE-assisted/UE-Based/Standalone) need to be included in this message. 

3.
The server determines that assistance data needs to be provided to the UE and sends an LPP Provide Assistance Data message to the UE. This message may include any of the positioning method specific assistance data summarized in Table 1.
NOTE:
For standalone and "minimal UE-assisted" positioning, this step would not be needed.
4.
The server sends a LPP Request Location Information message to the UE for invocation of WiFi/BT/Sensor positioning. This request may include positioning instructions such as the positioning mode (UE-assisted, UE-based, standalone), positioning methods (WiFi/BT/Sensors), specific UE measurements requested if any (e.g, RSSI or RTT), and quality of service parameters (e.g., response time, etc.).
5.
The UE performs the requested measurements and possibly calculates its own location and sends the results in an LPP Provide Location Information message to the server.
NOTE:
If the provided assistance data at step 3 is not sufficient for the UE, or if step 3 did not occur but the UE requires assistance data, the UE may send an LPP Request Assistance Data message e.g., after step 4 [3]. The server may then send the requested assistance data as in step 3.
As mentioned before, the above procedure is the same as used today for e.g., GNSS and OTDOA positioning and SUPL. Each message would need (new or existing) extensions to support the new positioning methods (WiFi/BT/Sensors), as described in section 4.2 below. The LPP Location Request at step 4 may invoke multiple positioning methods, e.g., WiFi/BT/Sensors in addition to existing GNSS or OTDOA methods. 
A potential positioning procedure for the RRC+LPPa option (option #3) is shown in Figure 3 below.  RRC+LPPa can be used today for uplink Enhanced Cell-ID location, without capability exchange and assistance data delivery [3]. The term "uplink" is intended to indicate that from the server point of view, the involved measurements are provided by the eNodeB.  
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Figure 3: Positioning procedure using RRC+LPPa (Option #3).
1.

The server may send a request for the positioning capabilities of the target to the serving eNB. 

2.

The eNB obtains the UE positioning capabilities, if not known, using RRC signalling.

3.

The eNB forwards the UE positioning capabilities to the server.

4.

The server determines that assistance data needs to be provided to the UE and sends them in a LPPa message to the serving eNB. This message may include any of the positioning method specific assistance data summarized in Table 1.
NOTE:
For standalone and "minimal UE-assisted" positioning, this step would not be needed.

5.

The server sends a request for location measurements to the eNB for invocation of WiFi/BT/Sensor positioning. This request may include positioning instructions such as the positioning mode (UE-assisted, UE-based, standalone), positioning methods (WiFi/BT/Sensors), specific UE measurements requested if any (e.g, RSSI or RTT), and quality of service parameters (e.g., response time, etc.).
6. and 7.
The eNB configures the UE to report the measurements requested at step 5. If assistance data were provided at step 4, the measurement configuration may include the assistance data delivery to the UE.

8.
The eNB sends the UE measurement result (UE measurements or UE location estimate) to the server.


NOTE:
If the provided assistance data at step 6 is not sufficient for the UE, or if step 6 did not occur but the UE requires assistance data, the UE may send a Request Assistance Data message using RRC signalling which the eNB may forward to the server using LPPa signalling. The server may then send the requested assistance data to the UE as in steps 4 and 6.
Steps 5, 7, and 8 above are the same as currently used for uplink ECID positioning [3]. All other steps (i.e., capability exchange and assistance data delivery) would be new messages. 

RRC+LPPa is beneficial if the eNB needs to combine measurements from the UE with those from the eNB, such as for Tadv Type 1 for example [3].
Another possibility currently not listed in [1] may be a combination of LPP, RRC and LLPa, as shown in Figure 4 below. 
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Figure 4: Positioning procedure using LPP and RRC+LPPa (Option #3a).

1.
The server may send a request for the positioning capabilities of the target. 
2.
The target transfers its positioning capabilities to the server. The capabilities usually refer to a particular position method. Support for WiFi/BT/Sensor positioning and the supported mode (UE-assisted/UE-Based/Standalone) need to be included in this message. 

3.
The E-SMLC determines that assistance data needs to be provided to the UE and sends an LPP Provide Assistance Data message to the UE. This message may include any of the positioning method specific assistance data summarized in Table 1.

NOTE:
For standalone and "minimal UE-assisted" positioning, this step would not be needed.
4.
The server sends a request for location measurements to the eNB for invocation of WiFi/BT/Sensor positioning. This request may include positioning instructions such as the positioning mode (UE-assisted, UE-based, standalone), positioning methods (WiFi/BT/Sensors), specific UE measurements requested if any (e.g, RSSI or RTT), and quality of service parameters (e.g., response time, etc.).

5.
The eNB configures the UE to report the measurements requested at step 4. 
6.
The eNB sends the UE measurement result (UE measurements or UE location estimate) to the server.

NOTE:
If the provided assistance data at step 3 are not sufficient for the UE, or if step 3 did not occur but the UE requires assistance data, the UE may send a LPP Request Assistance Data message e.g., after step 5. The server may then send the requested assistance data to the UE as in step 3.
The main characteristics of the three message sequences can be summarized as follows:
Positioning procedure using LPP/LPPe (Figure 2):
· Uses message sequences as common today for e.g., GNSS and OTDOA positioning, as well as SUPL positioning.

· Each of the LPP procedures (capability transfer, assistance data transfer, and location information transfer) would need (new or existing) extensions to support the new positioning methods.

· eNB is transparent to positioning procedures; no RRC impacts/changes.

· The procedure is applicable to SUPL.

Positioning procedure using RRC+LPPa (Figure 3):

· New LPPa messages for capability and assistance data transfer would be needed.
· Existing LPPa messages for location information transfer would need extensions to request/report the new positioning measurements.

· New (or modification of existing) RRC messages for assistance data delivery and measurement configuration would be needed.

· Positioning is not transparent to eNB; e.g., changes or updates of positioning related information can only be implemented/supported when the RRC release is frozen (LPP on the other hand is not tied to a particular UE Release). 
· The procedure is not applicable to SUPL.

Positioning procedure using LPP and RRC+LPPa (Figure 4):

· LPP capability and assistance data transfer messages would need (new or existing) extensions to support the new positioning methods.
· LPPa messages would need extensions to request/report the new positioning measurements. 

· Modifications of RRC messages for measurement configuration would be needed.
· Positioning is not transparent to eNB; e.g., changes or updates of positioning related information can only be implemented/supported when the RRC release is frozen (LPP on the other hand is not tied to a particular UE Release). 
· Mixture of target-server and target-eNB signalling, which may have impacts on UE state machines and protocol layering. E.g., a UE may have to request assistance data via LPP after a measurement is configured via RRC.

· The procedure is not applicable to SUPL.

4.2
 

Required LPP Changes
LPP elementary procedures (capability, assistance data, and location information transfer) would need extensions to support the new positioning methods. 
4.2.1
 

Option #1 (Existing LPP/LPPe)
As described in [12], OMA LPPe already supports WiFi, BT and Barometric Sensor Positioning and the information elements summarized in Table 1 and 2 above, for both, UE-assisted and UE-based positioning. Therefore, no changes to LPP would be needed. 
UE autonomous location (e.g., "device based hybrid" [14]) is currently not explicitly supported in LPPe. However, a UE autonomous location estimate could be provided unsolicited by the UE using LPPe together with other location information (e.g., for GNSS or OTDOA). An explicit request for UE-autonomous location together with additional capability information could also be added to LPPe, if needed. 
The required information elements for WiFi, BT and Barometric Sensor Positioning would be carried in the existing LPP External Protocol Data Unit (EPDU):
-- ASN1START

RequestCapabilities-r9-IEs ::= SEQUENCE {


commonIEsRequestCapabilities

CommonIEsRequestCapabilities

OPTIONAL,
-- Need ON


a-gnss-RequestCapabilities


A-GNSS-RequestCapabilities


OPTIONAL,
-- Need ON


otdoa-RequestCapabilities


OTDOA-RequestCapabilities


OPTIONAL,
-- Need ON


ecid-RequestCapabilities


ECID-RequestCapabilities


OPTIONAL,
-- Need ON


epdu-RequestCapabilities


EPDU-Sequence





OPTIONAL,
-- Need ON

...

}

-- ASN1STOP

-- ASN1START

ProvideCapabilities-r9-IEs ::= SEQUENCE {


commonIEsProvideCapabilities

CommonIEsProvideCapabilities

OPTIONAL,


a-gnss-ProvideCapabilities


A-GNSS-ProvideCapabilities


OPTIONAL,


otdoa-ProvideCapabilities


OTDOA-ProvideCapabilities


OPTIONAL,


ecid-ProvideCapabilities


ECID-ProvideCapabilities


OPTIONAL,


epdu-ProvideCapabilities


EPDU-Sequence





OPTIONAL,

...

}

-- ASN1STOP

-- ASN1START

RequestAssistanceData-r9-IEs ::= SEQUENCE {


commonIEsRequestAssistanceData

CommonIEsRequestAssistanceData

OPTIONAL,


a-gnss-RequestAssistanceData

A-GNSS-RequestAssistanceData

OPTIONAL,


otdoa-RequestAssistanceData


OTDOA-RequestAssistanceData


OPTIONAL,


epdu-RequestAssistanceData


EPDU-Sequence





OPTIONAL,

...

}

-- ASN1STOP

-- ASN1START

ProvideAssistanceData-r9-IEs ::= SEQUENCE {


commonIEsProvideAssistanceData

CommonIEsProvideAssistanceData

OPTIONAL,
-- Need ON


a-gnss-ProvideAssistanceData

A-GNSS-ProvideAssistanceData

OPTIONAL,
-- Need ON


otdoa-ProvideAssistanceData


OTDOA-ProvideAssistanceData


OPTIONAL,
-- Need ON


epdu-Provide-Assistance-Data

EPDU-Sequence





OPTIONAL,
-- Need ON


...

}

-- ASN1STOP

-- ASN1START

RequestLocationInformation-r9-IEs ::= SEQUENCE {


commonIEsRequestLocationInformation










CommonIEsRequestLocationInformation

OPTIONAL,
-- Need ON


a-gnss-RequestLocationInformation
A-GNSS-RequestLocationInformation
OPTIONAL,
-- Need ON


otdoa-RequestLocationInformation
OTDOA-RequestLocationInformation
OPTIONAL,
-- Need ON


ecid-RequestLocationInformation

ECID-RequestLocationInformation

OPTIONAL,
-- Need ON


epdu-RequestLocationInformation

EPDU-Sequence





OPTIONAL,
-- Need ON


...

}

-- ASN1STOP

-- ASN1START

ProvideLocationInformation-r9-IEs ::= SEQUENCE {


commonIEsProvideLocationInformation










CommonIEsProvideLocationInformation

OPTIONAL,


a-gnss-ProvideLocationInformation
A-GNSS-ProvideLocationInformation
OPTIONAL,


otdoa-ProvideLocationInformation
OTDOA-ProvideLocationInformation
OPTIONAL,


ecid-ProvideLocationInformation

ECID-ProvideLocationInformation

OPTIONAL,


epdu-ProvideLocationInformation

EPDU-Sequence





OPTIONAL,


...

}

-- ASN1STOP

–
EPDU-Sequence

The EPDU-Sequence contains IEs that are defined externally to LPP by other organizations.

-- ASN1START

EPDU-Sequence ::= SEQUENCE (SIZE (1..maxEPDU)) OF EPDU
maxEPDU INTEGER ::= 16

EPDU ::= SEQUENCE {


ePDU-Identifier


EPDU-Identifier,


ePDU-Body



EPDU-Body

}

EPDU-Identifier ::= SEQUENCE {


ePDU-ID




EPDU-ID,


ePDU-Name



EPDU-Name

OPTIONAL,


...

}

EPDU-ID ::= INTEGER (1..256)

EPDU-Name ::= VisibleString (SIZE (1..32))

EPDU-Body ::= OCTET STRING 
-- ASN1STOP

	EPDU-Sequence field descriptions

	EPDU-ID

This field provides a unique integer ID for the externally defined positioning method.  Its value is assigned to the external entity that defines the EPDU. See table External PDU Identifier Definition for a list of external PDU identifiers defined in this version of the specification.

	EPDU-Name

This field provides an optional character encoding which can be used to provide a quasi-unique name for an external PDU – e.g., by containing the name of the defining organization and/or the name of the associated public or proprietary standard for the EPDU.

	EPDU-Body

The content and encoding of this field are defined externally to LPP.


External PDU Identifier Definition

	EPDU-ID
	EPDU Defining entity
	Method name
	Reference

	1
	OMA LOC
	OMA LPP extensions (LPPe)
	OMA-TS-LPPe-V1_0 [20]


The EPDU-Body Octet String would include the LPPe ASN.1 as defined in [8] for each of the LPP elementary procedures. The LPPe ASN.1 supports the information elements summarized in Table 1 and 2 above.
4.2.2
 

Option #2 (LPP Updates)
WiFi, BT and Barometric Sensor Positioning information elements would need to be included in the LPP elementary procedures. Each of the messages would require corresponding extensions. 
UE autonomous location may be one specific mode in the WiFi, BT, Sensor Positioning Capabilities, or may be added to the common capabilities as a general "device based hybrid" [14] capability.

For example:
-- ASN1START

RequestCapabilities-r9-IEs ::= SEQUENCE {


commonIEsRequestCapabilities

CommonIEsRequestCapabilities

OPTIONAL,
-- Need ON


a-gnss-RequestCapabilities


A-GNSS-RequestCapabilities


OPTIONAL,
-- Need ON


otdoa-RequestCapabilities


OTDOA-RequestCapabilities


OPTIONAL,
-- Need ON


ecid-RequestCapabilities


ECID-RequestCapabilities


OPTIONAL,
-- Need ON


epdu-RequestCapabilities


EPDU-Sequence





OPTIONAL,
-- Need ON


...,


wifi-RequestCapabilities


WiFi-RequestCapabilities


OPTIONAL,
-- Need ON


bt-RequestCapabilities



BT-RequestCapabilities



OPTIONAL,
-- Need ON

sensor-RequestCapabilities


Sensor-RequestCapabilities


OPTIONAL
-- Need ON
}

-- ASN1STOP

-- ASN1START

ProvideCapabilities-r9-IEs ::= SEQUENCE {


commonIEsProvideCapabilities

CommonIEsProvideCapabilities

OPTIONAL,


a-gnss-ProvideCapabilities


A-GNSS-ProvideCapabilities


OPTIONAL,


otdoa-ProvideCapabilities


OTDOA-ProvideCapabilities


OPTIONAL,


ecid-ProvideCapabilities


ECID-ProvideCapabilities


OPTIONAL,


epdu-ProvideCapabilities


EPDU-Sequence





OPTIONAL,


...,

wifi-ProvideCapabilities


WiFi-ProvideCapabilities


OPTIONAL,


bt-ProvideCapabilities



BT-ProvideCapabilities



OPTIONAL,


sensor-ProvideCapabilities


Sensor-ProvideCapabilities


OPTIONAL
}

-- ASN1STOP

-- ASN1START

RequestAssistanceData-r9-IEs ::= SEQUENCE {


commonIEsRequestAssistanceData

CommonIEsRequestAssistanceData

OPTIONAL,


a-gnss-RequestAssistanceData

A-GNSS-RequestAssistanceData

OPTIONAL,


otdoa-RequestAssistanceData


OTDOA-RequestAssistanceData


OPTIONAL,


epdu-RequestAssistanceData


EPDU-Sequence





OPTIONAL,


...,


wifi-RequestAssistanceData


WiFi-RequestAssistanceData


OPTIONAL,

bt-RequestAssistanceData


BT-RequestAssistanceData


OPTIONAL,


sensor-RequestAssistanceData

Sensor-RequestAssistanceData

OPTIONAL
}

-- ASN1STOP

-- ASN1START

ProvideAssistanceData-r9-IEs ::= SEQUENCE {


commonIEsProvideAssistanceData

CommonIEsProvideAssistanceData

OPTIONAL,
-- Need ON


a-gnss-ProvideAssistanceData

A-GNSS-ProvideAssistanceData

OPTIONAL,
-- Need ON


otdoa-ProvideAssistanceData


OTDOA-ProvideAssistanceData


OPTIONAL,
-- Need ON


epdu-Provide-Assistance-Data

EPDU-Sequence





OPTIONAL,
-- Need ON


...,


wifi-ProvideAssistanceData


WiFi-ProvideAssistanceData


OPTIONAL,
-- Need ON


bt-ProvideAssistanceData


BT-ProvideAssistanceData


OPTIONAL,
-- Need ON


sensor-ProvideAssistanceData

Sensor-ProvideAssistanceData

OPTIONAL
-- Need ON
}

-- ASN1STOP

-- ASN1START

RequestLocationInformation-r9-IEs ::= SEQUENCE {


commonIEsRequestLocationInformation










CommonIEsRequestLocationInformation

OPTIONAL,
-- Need ON


a-gnss-RequestLocationInformation
A-GNSS-RequestLocationInformation
OPTIONAL,
-- Need ON


otdoa-RequestLocationInformation
OTDOA-RequestLocationInformation
OPTIONAL,
-- Need ON


ecid-RequestLocationInformation

ECID-RequestLocationInformation

OPTIONAL,
-- Need ON


epdu-RequestLocationInformation

EPDU-Sequence





OPTIONAL,
-- Need ON


...,


wifi-RequestLocationInformation

WiFi-RequestLocationInformation

OPTIONAL,
-- Need ON


bt-RequestLocationInformation

BT-RequestLocationInformation

OPTIONAL,
-- Need ON


sensor-RequestLocationInformation
Sensor-RequestLocationInformation
OPTIONAL
-- Need ON
}

-- ASN1STOP

-- ASN1START

ProvideLocationInformation-r9-IEs ::= SEQUENCE {


commonIEsProvideLocationInformation










CommonIEsProvideLocationInformation

OPTIONAL,


a-gnss-ProvideLocationInformation
A-GNSS-ProvideLocationInformation
OPTIONAL,


otdoa-ProvideLocationInformation
OTDOA-ProvideLocationInformation
OPTIONAL,


ecid-ProvideLocationInformation

ECID-ProvideLocationInformation

OPTIONAL,


epdu-ProvideLocationInformation

EPDU-Sequence





OPTIONAL,


...,


wifi-ProvideLocationInformation

WiFi-ProvideLocationInformation

OPTIONAL,


bt-ProvideLocationInformation

BT-ProvideLocationInformation

OPTIONAL,


sensor-ProvideLocationInformation
Sensor-ProvideLocationInformation
OPTIONAL
}

-- ASN1STOP

The content of the above message extensions need to be specified in LPP. I.e., it requires 3GPP RAN2 to specify information elements for non-3GPP technologies (WiFi, BT, barometric pressure). 
4.3
 

Required LPPa Changes

For Option #3, two new LPPa elementary procedures would need to be introduced and defined; e.g.:
	Function
	Elementary Procedure(s)

	Capability Information Transfer
	a) UE Capability Request
b) UE Capability Report
c) Failure

	Assistance Data Information Transfer
	a) WiFi Assistance Data Transfer Initiation

b) BT Assistance Data Transfer Initiation

c) Sensor Assistance Data Transfer Initiation


For the location information transfer (Steps 5 and 8 in Figure 3), the existing E-CID Measurement Initiation Request [10] may be extended to request WiFi, BT, and Sensor measurements from a UE (UE-assisted mode). The same message may also be used to request and report the UE location estimate (UE-based and standalone), or alternatively, a new Location Information Transfer procedure for UE-based/standalone may be more appropriate. For Example:
E-CID MEASUREMENT INITIATION REQUEST

This message is sent by E-SMLC to initiate E-CID measurements.

Direction: E-SMLC ( eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	LPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	E-SMLC Measurement ID
	M
	
	INTEGER(1..15,…)
	
	YES
	reject

	Report Characteristics
	M
	
	ENUMERATED(OnDemand, Periodic,…)
	
	YES
	reject

	Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED(120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…)
	
	YES
	reject

	Measurement Quantities
	
	1 .. <maxnoMeas>
	
	
	EACH
	reject

	>Measurement Quantities Item
	M
	
	ENUMERATED (Cell-ID, Angle of Arrival, Timing Advance Type 1, Timing Advance Type 2, RSRP, RSRQ,…)
	
	-
	-

	Inter-RAT Measurement Quantities
	
	0 .. <maxnoMeas>
	
	
	EACH
	ignore

	>Inter-RAT Measurement Quantities Item
	M
	
	ENUMERATED(GERAN, UTRAN ,…)
	
	
	

	WiFi Measurement Quantities
	
	0 .. <maxnoMeas>
	
	
	EACH
	ignore

	>WiFi Measurement Quantities Item
	M
	
	ENUMERATED(RSSI, RTT ,…)
	
	
	

	BT Measurement Quantities
	
	0 .. <maxnoMeas>
	
	
	EACH
	ignore

	>BT Measurement Quantities Item
	M
	
	ENUMERATED(RSSI,…)
	
	
	

	Sensor Measurement Quantities
	
	0 .. <maxnoMeas>
	
	
	EACH
	ignore

	>Sensor Measurement Quantities Item
	M
	
	ENUMERATED(pressure, ,…)
	
	
	

	UE Location Estimate
	
	0..1
	
	
	
	ignore

	>Response Time
	M
	
	
	
	
	

	>Accuracy
	M
	
	
	
	
	


E-CID MEASUREMENT INITIATION RESPONSE

This message is sent by eNB to indicate that the requested E-CID measurement is successfully initiated.

Direction: eNB ( E-SMLC.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	LPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	E-SMLC UE Measurement ID
	M
	
	INTEGER(1..15,…)
	
	YES
	reject

	eNB UE Measurement ID
	M
	
	INTEGER(1..15,…)
	
	YES
	reject

	E-CID Measurement Result
	O
	
	9.2.5
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.2
	
	YES
	ignore

	Cell Portion ID
	O
	
	9.2.12
	
	YES
	ignore

	Inter-RAT Measurement Result
	O
	
	9.2.13
	
	YES
	ignore

	WiFi Measurement Result
	O
	
	
	
	YES
	ignore

	BT Measurement Result
	O
	
	
	
	YES
	ignore

	Sensor Measurement Result
	O
	
	
	
	YES
	ignore

	UE Location Estimate
	O
	
	
	
	YES
	ignore


4.4
 

Required RRC Changes

For option #3, new or modifications of existing RRC procedures would be required. The RRC UE capability transfer procedure needs to be extended with the WiFi/BT/Sensor positioning capabilities (e.g., modes and measurements supported by the UE).
The RRC measurement configuration (RRC Connection Reconfiguration procedure) needs to be extended to configure WiFi, BT, and Sensor measurement reporting, as well as UE autonomous location estimates (e.g., "device based hybrid" [14]). For example:
QuantityConfig ::=




SEQUENCE {


quantityConfigEUTRA




QuantityConfigEUTRA




OPTIONAL,
-- Need ON


quantityConfigUTRA




QuantityConfigUTRA




OPTIONAL,
-- Need ON


quantityConfigGERAN




QuantityConfigGERAN




OPTIONAL,
-- Need ON


quantityConfigCDMA2000



QuantityConfigCDMA2000



OPTIONAL,
-- Need ON


...,


[[
quantityConfigUTRA-v1020

QuantityConfigUTRA-v1020


OPTIONAL
-- Need ON

]],


[[
quantityConfigEUTRA-v1250

QuantityConfigEUTRA-v1250


OPTIONAL
-- Need ON

]],

[[
quantityConfigWiFi



QuantityConfigWiFi




OPTIONAL,
-- Need ON


quantityConfigBT



QuantityConfigBT




OPTIONAL,
-- Need ON


quantityConfigSensors


QuantityConfigSensors



OPTIONAL,
-- Need ON


quantityConfigUEautonomous

QuantityConfigUEautonomous


OPTIONAL
-- Need ON

]]
}

The corresponding measurement results need to be added to the e.g., inter-RAT measurements in RRC.

A measurement report for providing the UE location estimate together with an indication of the position source (i.e., positioning method(s) used by the UE to derive the location estimate) may need to be introduced in the measurement results message. 

A new procedure for Assistance Data Delivery may need to be introduced in RRC (e.g., similar to the corresponding procedure in [13]).
4.5
 

Summary of Required Protocol Changes for the different Options
The required protocol changes as discussed in the previous sections can be summarized as shown in the Table below. This Table also gives some indication on the possible work load for RAN2 and RAN3 if WiFi/BT/Sensor positioning is added to the specifications using any of the protocol options identified.

	
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	Option  #1: Existing LPP/LPPe

	· Capability Transfer
	None
	None
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPPe

	· Assistance Data Transfer
	None
	None
	None

	· Location Information Transfer
	None
	None
	New location request for UE autonomous location ("device based hybrid") may need to be added to LPPe

	Option #2: LPP Updates

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPP

	· Assistance Data Transfer
	None(1)
	New Assistance Data for Wifi, BT, Sensor positioning need to be added to LPP
	None

	· Location Information Transfer
	New positioning measurement request and report for WiFi/BT/Sensors need to be added to LPP
	New location request and report for WiFi/BT/Sensors need to be added to LPP
	New location request and report for UE autonomous location ("device based hybrid") may need to be added to LPP

	Option #3: RRC+LPPa

	· Capability Transfer
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.

	· Assistance Data Transfer
	None(1)
	New LPPa message/procedure is needed.

New RRC message/procedure is needed.
	None

	· Location Information Transfer
	WiFi, BT, Sensor Measurement Request and Report need to be added to LPPa ECID procedure (or new procedure).
WiFi, BT, Sensor Measurement Request and Report need to be added RRC measurement configuration.
	WiFi, BT, Sensor Location Estimate Request and Report need to be added to LPPa ECID procedure (or new procedure).
Location request and report need to be added RRC measurement configuration.
	UE autonomous Location Estimate Request and Report ("device based hybrid") need to be added to LPPa ECID procedure (or new procedure).
UE autonomous location request and report need to be added to RRC measurement configuration.

	Option #3a: LPP, RRC+LPPa

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capabilities for  WiFi/BT/Sensors need to be added to LPP
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPP

	· Assistance Data Transfer
	None(1)
	New Assistance Data for 
Wifi, BT, Sensor positioning need to be added to LPP
	None

	· Location Information Transfer
	WiFi, BT, Sensor Measurement Request and Report need to be added to LPPa ECID procedure (or new procedure).

WiFi, BT, Sensor Measurement Request and Report need to be added RRC measurement configuration.
	WiFi, BT, Sensor Location Estimate Request and Report need to be added to LPPa ECID procedure (or new procedure).
Location request and report need to be added RRC measurement configuration.
	UE autonomous Location Estimate Request and Report ("device based hybrid") need to be added to LPPa ECID procedure (or new procedure).
UE autonomous location request and report need to be added to RRC measurement configuration.

	NOTE 1: Assuming "minimal UE-assisted" version without assistance data.


Some key observations can be summarized as follows:

Observation 1: 
Signalling protocol option #1 (existing LPP/LPPe) does not require any Stage 3 changes for UE-assisted and UE-based positioning (i.e., can be implemented/used already today). UE autonomous location ("device based hybrid") may need LPPe updates for positioning capabilities and location request but this impacts OMA and not 3GPP RAN. 
Observation 2:
Signalling protocol option #3 (RRC+LPPa) has the biggest impact to Stage 3 specifications. Not only existing messages and procedures would require updates, but also new LPPa and RRC procedures (for UE-based) would be needed.

Observation 3:
Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based WiFi/BT/Sensor positioning has the biggest impact to Stage 3 specifications (excluding Option #1, where there is no impact). 

Observation 4:
Use of UE-assisted mode is implied by the FCC Report and Order for Indoor E911 location in the US due to specific requirements on providing uncompensated barometric pressure to PSAPs and on using a central National Emergency Address Database (NEAD) to derive a dispatchable UE location from measurements of WiFi/BT-LE APs and small cells. Therefore, this mode should be supported at a minimum.
5.

UTRAN Positioning Procedures
The UTRAN positioning architecture and relevant protocols are shown in Figure 5 below. To exchange positioning measurements and data between UE and location server (SAS), RRC [13] and PCAP [15] protocols are used. Therefore, in order to support WiFi, BT and barometric pressure measurements for location, the measurements need to be included in RRC and PCAP. 
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Figure 5: UTRAN Positioning Architecture and Relevant Protocols.

To enable WiFi/BT/Sensor positioning in UMTS control plane location, a single protocol option has been identified in [2]: 

RRC [13] and PCAP [15] protocols need to be updated (e.g., UE capabilities, assistance data delivery, position measurement reporting).
5.1
 

Positioning Message Sequence 
The positioning message sequence depends on whether the SAS operates in RNC-centric or SAS-centric mode [4]. Since the identified protocol option in [2] is the same as used today for location in UMTS control plane, no changes to the message sequences and architecture are required for WiFi/BT/Sensor positioning in UMTS.
A typical positioning procedure for RNC-centric SAS mode is shown in Figure 6 below.
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Figure 6: Positioning procedure in RNC-centric SAS mode.

1. The SRNC determines that assistance data needs to be provided to the UE and sends a PCAP Information Exchange Initiation Request Message to the SAS. This message includes a request for WiFi/BT/Sensor Positioning related information (assistance data). 
NOTE: For standalone and "minimal UE-assisted" positioning, this step (and related step 2) would not be needed.
2. The SAS provides the information requested by the SRNC in a PCAP Information Exchange Initiation Response Message. 
3. The SRNC sends a request for location measurements to the UE for invocation of WiFi/BT/Sensor positioning. This request may include positioning instructions such as the positioning mode (UE-assisted, UE-based, standalone), positioning methods (WiFi/BT/Sensors), specific UE measurements requested if any (e.g, RSSI or RTT), and quality of service parameters (e.g., response time, etc.). If assistance data was provided at step 2, the measurement request may include the assistance data delivery to the UE. 

4. The UE performs the requested measurements and possibly calculates its own location and sends the results to the SRNC.
5. In case of UE-assisted mode, the SRNC forwards the UE measurements to the SAS for position calculation.

6. The SAS calculates the UE position, and returns the result to the SRNC. 

NOTE: For standalone and UE-based positioning, this step (and related step 5) would not be needed.
A typical positioning procedure for SAS-centric SAS mode is shown in Figure 7 below.
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Figure 7: Positioning procedure in SAS-centric SAS mode.

1.
The SRNC forwards the information contained in the RANAP Location Reporting Control message plus Cell ID and UE capability information to the SAS in a PCAP Position Initiation Request message.

2.
The SAS initiates WiFi/BT/Sensor positioning method by sending a PCAP Position Activation Request message to the SRNC containing the required positioning method and any assistance data and instructions associated with that positioning method. 

3.
The SRNC forwards the request for location measurements to the UE. If assistance data were provided at step 2, the measurement request may include the assistance data delivery to the UE.

4,
The UE performs the requested measurements and possibly calculates its own location and sends the results to the SRNC.
5.
The SRNC forwards the provided UE measurements to the SAS in a PCAP Position Activation Response message. 
6.
The SAS provides the UE location to the SRNC in a PCAP Position Initiation Response message.
5.2
 

Required RRC Changes
The following main RRC changes may be required to support WiFi/BT/Sensor positioning in UMTS control plane:
Positioning Capabilities:
Support for WiFi/BT/Sensor positioning needs to be added to the UE Positioning Capability.  

NOTE:     A generic capability for standalone location method(s) exist already in RRC [13].

Measurement Control/Assistance Data Delivery:
WiFi/BT/Sensor positioning assistance data as summarized in Table 1 need to be added to RRC Measurement Control and Assistance Data delivery procedures. The assistance data may also be added to the positioning SIBs (e.g., SIB 15.x). 
Request for WiFi/BT/Sensor measurements need to be added to the UE positioning reporting quantity. 
WiFi/BT/Sensor positioning measurements as summarized in Table 2 need to be added to the RRC Measurement Report procedure. 
5.3
 

Required PCAP Changes

The following main PCAP changes may be required to support WiFi/BT/Sensor Positioning in UMTS control plane:

Position Calculation Procedure:
WiFi/BT/Sensor measurements (as summarized in Table 2) need to be added to the Position Calculation Request message. 
Information Exchange Initiation Procedure:

Request and Report for WiFi/BT/Sensor Positioning assistance data (as summarized in Table 1) need to be added.

Position Initiation Procedure:

The new RRC positioning capabilities (see section 5.2 above) for WiFi/BT/Sensor Positioning need to be added to the Position Initiation Request message.

The Position Data in the Position Initiation Response message needs to allow indication of WiFi/BT/Sensor Positioning.
Position Activation Procedure:

The Position Activation Request message needs to allow for invocation of WiFi/BT/Sensor positioning and corresponding assistance data delivery. 
The Position Activation Response message needs to include the WiFi/BT/Sensor measurement data as summarized in Table 2. 

5.4
 

Summary of Required Protocol Changes for UTRAN
The required protocol changes as discussed in the previous sections can be summarized as shown in the Table below. This Table also gives some indication on the possible work load for RAN2 and RAN3 if WiFi/BT/Sensor positioning is added to the specifications.

	
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	RRC Changes

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to RRC UE Positioning Capability
	New positioning capabilities for WiFi/BT/Sensors need to be added to RRC UE Positioning Capability
	None(1)

	· Assistance Data Transfer
	None(2)
	New Assistance Data for Wifi, BT, Sensor positioning needs to be added to RRC Measurement Control and Assistance Data Delivery procedures(3)
	None

	· Location Information Transfer
	New positioning measurement request and report for WiFi/BT/Sensors needs to be added to RRC Measurement Control procedure.
	New location request and report for WiFi/BT/Sensors need to be added to RRC Measurement Control procedure.
	New location request and report for UE autonomous location ("device based hybrid") need to be added to RRC Measurement Control procedure(4). 

	PCAP Changes

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to PCAP Position Initiation Request message.
	New positioning capabilities for WiFi/BT/Sensors need to be added to PCAP Position Initiation Request message.
	None(1)

	· Assistance Data Transfer
	None(2)
	New Assistance Data for Wifi, BT, Sensor positioning need to be added to PCAP Information Exchange and Position Activation procedure.
	None

	· Location Information Transfer
	WiFi/BT/Sensor measurements need to be added to PCAP Position Calculation and Position Activation procedure.
	WiFi/BT/Sensor location request needs to be added to Position Activation procedure.
	New location request and report for UE autonomous location ("device based hybrid") need to be added to PCAP Position Activation procedure(4).

	NOTE 1: 
The existing support indication for standalone positioning in [13] may be sufficient.

NOTE 2: 
Assuming "minimal UE-assisted" version without assistance data.

NOTE 3: 
Assuming there is no need for including the assistance data in System Information Blocks.

NOTE 4: 
Alternatively, the existing standalone request may be adapted/re-used (i.e., standalone positioning is currently tied to GNSS). 


Some key observations can be summarized as follows:

Observation 1: 
No new messages and procedures are required to support WiFi/BT/Sensor Positioning in UMTS control plane architecture. Existing messages would need extensions to support the new positioning methods.
Observation 2:
Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based WiFi/BT/Sensor positioning has the biggest impact to Stage 3 specifications. 

Observation 3:
Use of UE-assisted mode is implied by the FCC Report and Order for Indoor E911 location in the US due to specific requirements on providing uncompensated barometric pressure to PSAPs and on using a central National Emergency Address Database (NEAD) to derive a dispatchable UE location from measurements of WiFi,/BT-LE APs and small cells. Therefore, this mode should be supported at a minimum.

 6.

Summary

In this contribution, we summarized the impact of WiFi/BT/Sensor positioning on E-UTRAN and UTRAN specifications. 

A corresponding text proposal for TR 37.857 [1] is provided in the Annex of this contribution.

Proposal 1: 
Include the attached text proposal in TR 37.857.
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7.2.2
Wi-Fi/Bluetooth based positioning

Existing Wi-Fi and/or Bluetooth technologies can be used as potential indoor positioning enhancement techniques.

WiFi-based positioning systems are widely used for commercial Location Based Services (LBS). Various smartphones and operating system vendors provide the ability to provide position estimates using WiFi transceivers. This is usually accomplished by collecting RSSI and other information from the UE’s WiFi receiver, and applying a location determination algorithm using databases of the estimated positions or coverage areas of WiFi access points. 

In addition, Bluetooth (BT) Low Energy (LE) beacons are realized as a potential technology to provide location information and relevant contextual interactions to users. Bluetooth beacons are transmitters that use Bluetooth Low Energy to broadcast signals that can be heard by compatible smartphones and other devices.  When the device is in a beacon’s proximity, the device may obtain the beacon ID and the device location may be obtained from a database query.  

RAN2 identified the following WiFi/Bluetooth based positioning options which may operate in the following modes:

· Standalone/autonomous:
The UE performs WiFi/Bluetooth position measurements and location computation without network assistance. 
· UE-assisted, E-SMLC based:
The UE provides WiFi/Bluetooth position measurements to the network for computation of a location estimate by the network. The network may provide assistance data to the UE (e.g. AP IDs, supported channels, coverage areas) to help or enable position measurements.

· UE-based, E-SMLC assisted:
The UE performs WiFi/Bluetooth position measurements and computation of a location estimate. The assistance data useful or essential to one or both of these functions (e.g. AP locations) may be provided to the UE by the network. 
To enable WiFi/Bluetooth based positioning in UMTS control plane location, RRC [28] and PCAP [29] protocols need to be updated (e.g., UE capabilities, assistance data delivery, position measurement reporting).

To enable WiFi/Bluetooth based positioning in LTE control plane location, the following protocol options have been identified and will be discussed by RAN2:

· LPP/LPPe:
WiFi and Bluetooth based positioning is supported in OMA LPPe protocol [32], for both, UE-based and UE-assisted mode. LPPe is supported in LPP [19] via an EPDU ID (EPDU-ID 1).

· LPP updates:
WiFi and Bluetooth measurements and assistance data may be included in LPP[19], together with corresponding UE capability updates. The method used to compute the location estimate may also need to be included in the UE measurement report (e.g., for standalone/autonomous mode).

· RRC and LPPa:
WiFi and Bluetooth measurements and assistance data may be included in the RRC measurement configuration [34], together with corresponding UE capability updates. The UE measurements may be forwarded to the E‑SMLC via LPPa [20]. The server generated assistance data may be provided to the eNB via LPPa. The method used to compute the location estimate may also need to be included in the UE measurement report (e.g., for standalone/autonomous mode).
· LPP, RRC and LPPa:
WiFi and Bluetooth assistance data may be included in LPP [19], together with corresponding UE capability updates. 
WiFi and Bluetooth measurements may be included in the RRC measurement configuration [34]. The UE measurements may be forwarded to the E‑SMLC via LPPa [20].
7.2.2.1
 Fine Timing Measurements (FTM) for Wi-Fi Aided Positioning

The Fine Timing Measurement (FTM) method [33] can also be used to determine position. The FTM approach is geometrical, based on estimating the position using the distances from access points. The distance from each access point is acquired by measuring the round trip time (RTT) from the mobile device to the access point and back. 

7.2.3
Barometric pressure sensor positioning 

Barometric sensor information is relevant for this study item, but will not impact RAN1 specifications.

The use of barometric sensors for identifying height information is motivated by the fundamental property that atmospheric pressure drops with an increase in altitude. Barometric sensors have started appearing on smartphones and other portable devices. As deployment rates improve, barometers represent a potential solution for accurate vertical location for e.g., E911. 

RAN2 identified the following Barometric pressure sensor positioning options which may operate in the following modes:

· Standalone/autonomous:
The UE performs barometric pressure sensor measurements and altitude computation without network assistance. 
· UE-assisted, E-SMLC based:
The UE provides barometric pressure sensor measurements, e.g air pressure, to the network for computation of altitude information by the network. 

· UE-based, E-SMLC assisted:
The UE performs barometric pressure sensor measurements and uses the measurements (possibly together with other location measurements) for the computation of altitude information. The assistance data required for this (e.g., reference atmospheric pressure) may be provided to the UE by the network. 
To enable barometric pressure sensor positioning in UMTS control plane location, RRC [28] and PCAP [29] protocols need to be updated (e.g., UE capabilities, assistance data delivery, sensor measurement reporting).

To enable barometric pressure sensor positioning in LTE control plane location, the following protocol options have been identified and will be discussed by RAN2:

· LPP/LPPe:
Barometric pressure sensor positioning is supported in OMA LPPe protocol [32], for both, UE-based and UE-assisted mode. LPPe is supported in LPP [19] via an EPDU ID (EPDU-ID 1).

· LPP updates:
Barometric pressure sensor positioning (e.g., sensor measurements and assistance data) may be included in LPP [19], together with corresponding UE capability updates. The method used to compute vertical location may also need to be included in the UE measurement report (e.g., for standalone/autonomous mode).

· RRC and LPPa:
Barometric pressure sensor positioning (e.g., sensor measurements and assistance data) may be included in the RRC measurement configuration [34], together with corresponding UE capability updates. The UE barometric pressure measurements may be forwarded to the E-SMLC via LPPa [20]. The server generated assistance data may be provided to the eNB via LPPa. The method used to compute vertical location may also need to be included in the UE measurement report (e.g., for standalone/autonomous mode).
· LPP, RRC and LPPa:
Barometric pressure sensor positioning assistance data may be included in LPP [19], together with corresponding UE capability updates.
Barometric pressure sensor measurements may be included in the RRC measurement configuration [34]. The UE measurements may be forwarded to the E‑SMLC via LPPa [20].
Assistance data can be used to further improve the positioning accuracy of the barometric pressure sensor, including information regarding the relationship between air pressure and altitude (e.g. humidity, temperature, reference atmospheric pressure), or the information regarding to the relationship between altitude and floor number (e.g. altitude and floor number for the cells located in the building).
7.2.4
Specification Impacts for WiFi, BT and Barometric Pressure Sensor Positioning
7.2.4.1
Information to be transferred between SMLC and UE
The information transferred from SMLC (E-SMLC and SAS) to the UE usually consist of assistance data, which is useful or essential for the UE to perform location measurements and position calculation. The assistance data that may be sent from SMLC to the UE is summarized in Table 7.2.4.1-1 below.

For WiFi positioning, the assistance data may include a neighbour list of APs available for measurements (e.g., for RTT measurements). For a minimal UE-assisted version (in particular for Cell-ID only location), this assistance data may not be needed, and the UE may provide the measurements based on the scan performed by the UE. For UE-based mode, the assistance data may include (in addition) the AP 3D-locations. 

BT-LE positioning is based on proximity information and may not require assistance data for UE-assisted mode. For UE-based mode, the BT-LE beacon 3D locations would be required in the assistance data. 

For Barometric Sensor Positioning, no assistance data may be required for UE-assisted mode. For UE-based mode, reference pressure measurements would be required either alone or together with terrain/topographic data, depending on whether height above MSL or local ground level is needed.  
Table 7.2.4.1-1: Information that may be transferred from the SMLC to the UE

	Assistance Data
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	WiFi Positioning

	WLAN AP List
	
	
	

	· AP ID (MAC Address)
	Yes(2)
	Yes
	No

	· SSID
	Yes(2)
	Yes
	No

	· AP Type Data(1)
	Yes(2)
	Yes
	No

	· AP 3D-Location
	No
	Yes
	No

	BT-LE Positioning

	BTLE AP List
	
	
	

	· AP ID (MAC Address)
	No
	Yes
	No

	· AP 3D Location
	No
	Yes
	No

	Barometric Sensor Positioning

	Sensor Assistance Data
	
	
	

	· Reference atmospheric pressure at sea level
	No
	Yes
	No

	· topographic data (e.g., contour and building height data)
	No
	Yes(3)
	No

	NOTE 1: 
WLAN AP Type Data may include WLAN Type (e.g., 802.11a/b/g/n/ac/ad, etc.), transmit power, antenna again, coverage area, etc.

NOTE 2: 
The Assistance Data for UE-assisted mode may provide a "neighbour list" to the UE to help AP measurements (e.g., identifies suitable neighbours for ranging measurements (such as RTT)). For a "minimal UE-assisted" version, this Assistance Data may not be needed (e.g., the UE just reports what a scan provides). 

NOTE 3:   Topographic data is needed to calculate height above/below local ground level but is not needed for height above/below MSL.


The information transferred from the UE to the SMLC (E-SMLC and SAS) usually consists of capability information and location measurements. The information that may be signalled from the UE to the SMLC is summarized in Table 7.2.4.1‑2 below.
Table 7.2.4.1-2: Information that may be transferred from the UE to the SMLC

	Information
	UE‑assisted
	UE‑based
	Standalone/
Autonomous

	UE Capabilities
	
	
	

	· Support for WLAN Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	· Support for BTLE Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	· Support for Sensor Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	WLAN Location Information
	
	
	

	· AP ID (MAC Address)
	Yes
	No
	No

	· SSID
	Yes
	No
	No

	· Received Signal Strength (RSSI)
	Yes
	No
	No

	· Round Trip Time (RTT)
	Yes
	No
	No

	BTLE Location Information
	
	
	

	· BTLE AP ID (MAC Address)
	Yes
	No
	No

	· Received Signal Strength (RSSI)
	Yes
	No
	No

	Sensor Location Information
	
	
	

	· Atmospheric  pressure measurement
	Yes
	No
	No

	UE Location Information
	
	
	

	· UE 3D Location Estimate
	No
	Yes
	Yes

	· Time Stamp
	No
	Yes
	Yes

	· Location Source (method(s) used to compute location)
	No
	Yes
	Yes

	NOTE 1:     Because an SMLC does not need to provide assistance data or request specific measurements for standalone/autonomous positioning, detailed capabilities distinguishing different types of standalone/autonomous positioning may not be essential.


7.2.4.2
E-UTRAN Specifications Impact

The required protocol changes can be summarized as shown in the Table below. This Table also gives some indication on the possible work load for RAN2 and RAN3 if WiFi/BT/Sensor positioning is added to the specifications using any of the protocol options identified in section 7.2.2 and 7.2.3.

	
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	Option  #1: Existing LPP/LPPe

	· Capability Transfer
	None
	None
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPPe

	· Assistance Data Transfer
	None
	None
	None

	· Location Information Transfer
	None
	None
	New location request for UE autonomous location ("device based hybrid") may need to be added to LPPe

	Option #2: LPP Updates

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPP

	· Assistance Data Transfer
	None(1)
	New Assistance Data for Wifi, BT, Sensor positioning need to be added to LPP
	None

	· Location Information Transfer
	New positioning measurement request and report for WiFi/BT/Sensors need to be added to LPP
	New location request and report for WiFi/BT/Sensors need to be added to LPP
	New location request and report for UE autonomous location ("device based hybrid") may need to be added to LPP

	Option #3: RRC+LPPa

	· Capability Transfer
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.

	· Assistance Data Transfer
	None(1)
	New LPPa message/procedure is needed.

New RRC message/procedure is needed.
	None

	· Location Information Transfer
	WiFi, BT, Sensor Measurement Request and Report need to be added to LPPa ECID procedure (or new procedure).

WiFi, BT, Sensor Measurement Request and Report need to be added RRC measurement configuration.
	WiFi, BT, Sensor Location Estimate Request and Report need to be added to LPPa ECID procedure (or new procedure).
Location request and report need to be added RRC measurement configuration.
	UE autonomous Location Estimate Request and Report ("device based hybrid") need to be added to LPPa ECID procedure (or new procedure).
UE autonomous location request and report need to be added to RRC measurement configuration.

	Option #3a: LPP, RRC+LPPa

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capabilities for  WiFi/BT/Sensors need to be added to LPP
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPP

	· Assistance Data Transfer
	None(1)
	New Assistance Data for 
Wifi, BT, Sensor positioning need to be added to LPP
	None

	· Location Information Transfer
	WiFi, BT, Sensor Measurement Request and Report need to be added to LPPa ECID procedure (or new procedure).

WiFi, BT, Sensor Measurement Request and Report need to be added RRC measurement configuration.
	WiFi, BT, Sensor Location Estimate Request and Report need to be added to LPPa ECID procedure (or new procedure).
Location request and report need to be added RRC measurement configuration.
	UE autonomous Location Estimate Request and Report ("device based hybrid") need to be added to LPPa ECID procedure (or new procedure).
UE autonomous location request and report need to be added to RRC measurement configuration.

	NOTE 1: Assuming "minimal UE-assisted" version without assistance data.


Some key observations can be summarized as follows:

· Signalling protocol option #1 (existing LPP/LPPe) does not require any Stage 3 changes for UE-assisted and UE-based positioning (i.e., can be implemented/used already today). UE autonomous location ("device based hybrid") may need LPPe updates for positioning capabilities and location request but this impacts OMA and not 3GPP RAN. 
· Signalling protocol option #3 (RRC+LPPa) has the biggest impact to Stage 3 specifications. Not only existing messages and procedures would require updates, but also new LPPa and RRC procedures (for UE-based) would be needed.
· Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based WiFi/BT/Sensor positioning has the biggest impact to Stage 3 specifications (excluding Option #1, where there is no impact). 
· Use of UE-assisted mode is implied by the FCC Report and Order for Indoor E911 location in the US due to specific requirements on providing uncompensated barometric pressure to PSAPs and on using a central National Emergency Address Database (NEAD) to derive a dispatchable UE location from measurements of WiFi/BT-LE APs and small cells. Therefore, this mode should be supported at a minimum.
7.2.4.3
UTRAN Specifications Impact

The required protocol changes can be summarized as shown in the Table below. This Table also gives some indication on the possible work load for RAN2 and RAN3 if WiFi/BT/Sensor positioning is added to the specifications.

	
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	RRC Changes

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to RRC UE Positioning Capability
	New positioning capabilities for WiFi/BT/Sensors need to be added to RRC UE Positioning Capability
	None(1)

	· Assistance Data Transfer
	None(2)
	New Assistance Data for Wifi, BT, Sensor positioning needs to be added to RRC Measurement Control and Assistance Data Delivery procedures(3)
	None

	· Location Information Transfer
	New positioning measurement request and report for WiFi/BT/Sensors needs to be added to RRC Measurement Control procedure.
	New location request and report for WiFi/BT/Sensors need to be added to RRC Measurement Control procedure.
	New location request and report for UE autonomous location ("device based hybrid") need to be added to RRC Measurement Control procedure(4). 

	PCAP Changes

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to PCAP Position Initiation Request message.
	New positioning capabilities for WiFi/BT/Sensors need to be added to PCAP Position Initiation Request message.
	None(1)

	· Assistance Data Transfer
	None(2)
	New Assistance Data for Wifi, BT, Sensor positioning need to be added to PCAP Information Exchange and Position Activation procedure.
	None

	· Location Information Transfer
	WiFi/BT/Sensor measurements need to be added to PCAP Position Calculation and Position Activation procedure.
	WiFi/BT/Sensor location request needs to be added to Position Activation procedure.
	New location request and report for UE autonomous location ("device based hybrid") need to be added to PCAP Position Activation procedure(4).

	NOTE 1: 
The existing support indication for standalone positioning in [13] may be sufficient.

NOTE 2: 
Assuming "minimal UE-assisted" version without assistance data.

NOTE 3: 
Assuming there is no need for including the assistance data in System Information Blocks.

NOTE 4: 
Alternatively, the existing standalone request may be adapted/re-used (i.e., standalone positioning is currently tied to GNSS). 


Some key observations can be summarized as follows:

· No new messages and procedures are required to support WiFi/BT/Sensor Positioning in UMTS control plane architecture. Existing messages would need extensions to support the new positioning methods. 
· Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based WiFi/BT/Sensor positioning has the biggest impact to Stage 3 specifications. 
· Use of UE-assisted mode is implied by the FCC Report and Order for Indoor E911 location in the US due to specific requirements on providing uncompensated barometric pressure to PSAPs and on using a central National Emergency Address Database (NEAD) to derive a dispatchable UE location from measurements of WiFi,/BT-LE APs and small cells. Therefore, this mode should be supported at a minimum.
7.2.5
IMU sensor based positioning 
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