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Introduction

A Study Item for Indoor Positioning Enhancements for UTRA and LTE was approved at RAN plenary #64, which includes evaluation of various RAT independent positioning technologies, including WiFi, Bluetooth, Barometric Sensors, and Terrestrial Beacon Systems (TBS) [1].  The objectives include identification of potential impacts to RAN2 specifications for supporting positioning enhancements.  At RAN2#90, initial RAN2 specification impacts were agreed for WiFi/BT, Barometric Pressure, and Terrestrial Beacon Systems based positioning for LTE and UMTS [3].
However, given these high level impacts, it is beneficial to study some examples of specific specification changes and their impacts.  For example, the identified impacts for TS 36.305 Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN, there are also minor impacts on TS 29.171 LCS Application Protocol (LCS-AP) between the Mobile Management Entity (MME) and Evolved Serving Mobile Location Centre (E-SMLC); SLs interface, as that specification is referenced in several locations in TS 36.305. This contribution will investigate these details for TS 36.305, TS 36.355, and also LCS-AP impacts and modifications for the TBS positioning enhancements identified.  
Additionally, it is beneficial to study some examples of specific UTRA specification changes and their impacts.  Currently, in TR 36.857 v0.4.0, we have identified the following UTRA impacts:

To enable TBS positioning in UMTS control plane location, RRC [28], PCAP [29], RANAP [30], and TS 25.305 [31] protocols may be updated (e.g., UE capabilities, assistance data delivery, TBS measurement reporting).

Table 9.2.1.2-2: TBS UTRA Specification Impacts

	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 25.331 [28]
	2. References, 3.2 Abbreviations, 9, 10, 11 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information. 

	TS 25.453 [29]
	2. References, 3.2 Abbreviations, 9 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information.

	TS 25.413 [30]
	2. References, 3.2 Abbreviations, 9 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information.

	TS 25.305 [31]
	2. References, 3.2 Abbreviations, 4.3 Standard Positioning Methods
	Addition of references, abbreviations, and TBS supporting information.


Discussion 

This contribution examines additional TBS impacts in higher granularity for the positioning technologies that have already been studied in RAN2, e.g. TS 36.355 and TS 36.305 impacts, including LCS-AP.  The benefits related to TBS positioning enhancements are significant and based on the discussion at RAN1#80 and RAN1#80bis, re-use of existing protocols and messaging will make enabling these technologies in LTE systems quite straightforward, with minimal PLMN impacts.  
Additionally, this contribution examines additional TBS impacts in higher granularity for the positioning technologies that have already been studied in RAN2, e.g. TS 25.305, TS 25.331, TS 25.433 and TS 25.453.  
LTE Impacts

TS 36.305 Impacts
Based on TR37.857, the following TS 36.305 impacts have been identified: 
	TS 36.305
	2. References
	Addition of references for TBS supporting information.

	TS 36.305
	3.2 Abbreviations
	Additional abbreviations added for TBS positioning

	TS 36.305
	8.
Positioning methods and Supporting Procedures
	Information to be transferred to/from the UE and E-SMLC, re-use of existing Capability transfer procedure, assistance data transfer procedure, and location information transfer procedure.


Below are some examples how TS 36.305 could be updated to support TBS positioning technologies, based on the existing specification, in addition to adding references and abbreviations:

4.3
Standard UE Positioning Methods

The standard positioning methods supported for E-UTRAN access are:

-
network-assisted GNSS methods;

-
downlink positioning;
-
enhanced cell ID method;

-
uplink positioning;

-
network-assisted TBS methods.
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.

These positioning methods may be supported in UE-based, UE-assisted/E-SMLC-based, eNB-assisted, and LMU-assisted/E-SMLC-based versions. Table 4.3-1 indicates which of these versions are supported in this version of the specification for the standardised positioning methods.

Table 4.3-1: Supported versions of UE positioning methods

	Method
	UE-based
	UE-assisted, E-SMLC-based
	eNB- assisted
	LMU-assisted/ E-SMLC-based
	SUPL

	A-GNSS
	Yes
	Yes
	No
	No
	Yes

(UE-based and UE-assisted)

	Downlink
	No
	Yes
	No
	No
	Yes (UE-assisted)

	E-CID
	No
	Yes
	Yes
	No
	Yes (UE-assisted)

	Uplink
	No
	No
	No
	Yes
	No

	A-TBS
	Yes
	Yes
	No
	No
	No


4.3.5
A-TBS positioning
These methods make use of UEs that are equipped with radio receivers capable of receiving TBS signals.  A Terrestrial Beacon System consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. 

TBS positioning signals may be GNSS-like signals (e.g. GPS, GLONASS, BDS, Galileo signals), such as the Metropolitan Beacon System (MBS) or PRS/PRS-like signals called PRS (Positioning Reference Signal) Beacon Systems. The operating band of TBS may be licensed or unlicensed.
In this concept, different TBSs (e.g. PRSB, MBS, etc.) can be used separately or in combination to determine the location of a UE.

The operation of the network-assisted TBS methods are described in clause 8.6.
8.6
TBS positioning methods

8.6.1
General
Terrestrial Beacon Systems (TBS) is the standard generic term for a network of ground-based transmitters broadcasting signals (GNSS-like or PRS-like signals) for autonomous geo-spatial positioning with wide-area or regional coverage. The following TBSs are supported in this version of the specification:

· PRS Beacon Systems.
· Metropolitan Beacon Systems
Each TBS can be used individually or in combination with others. When used in combination, the effective number of navigation signals would be increased.
When TBS is designed to inter-work with the E-UTRAN, the network assists the UE TBS receiver to improve the performance in several respects. These performance improvements will:

-
reduce the UE TBS start-up and acquisition times; the search window can be limited and the measurements speed up significantly;

-
increase the UE TBS sensitivity; positioning assistance messages are obtained via E-UTRAN so the UE TBS receiver can operate also in low SNR situations when it is unable to demodulate TBS signals;

-
allow the UE to consume less handset power than with stand-alone TBS; this is due to rapid start-up times as the TBS receiver can be in idle mode when it is not needed.

The network-assisted TBS methods rely on signalling between UE receivers (possibly with reduced complexity) and a continuously operating TBS reference receiver network, which has visibility of the same TBS network as the assisted UEs. Two assisted modes are supported:

· UE-Assisted: The UE performs TBS measurements (pseudo-ranges, pseudo Doppler, etc.) and sends these measurements to the E-SMLC where the position calculation takes place, possibly using additional measurements from other (non TBS) sources;

· UE-Based: The UE performs TBS measurements and calculates its own location, possibly using additional measurements from other (non TBS) sources.

The assistance data content may vary depending on whether the UE operates in UE-Assisted or UE-Based mode.

The assistance data signalled to the UE can be broadly classified into data assisting the measurements and calculations: e.g. reference time, visible TBS list and their reference location, clock corrections. 

A UE with TBS measurement capability may also operate in an autonomous (standalone) mode. In autonomous mode the UE determines its position based on signals received from TBS without assistance from the network. 

8.6.2
Information to be transferred between E-UTRAN Elements
This subclause defines the information (e.g., assistance data, measurement data) that may be transferred between E-UTRAN elements.

8.6.2.1
Information that may be transferred from the E-SMLC to UE

Table 8.1.2.1-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to the UE. 

NOTE:
The provision of these assistance data elements and the usage of these elements by the UE depend on the E‑UTRAN and UE capabilities, respectively.

Table 8.6.2.1-1: Information that may be transferred from the E-SMLC to UE

	Assistance Data 

	Reference Time

	Reference Location

	TBS Identifier   

	PRS Beacon AD

	MBS AD and profiles


8.6.2.1.1
Reference Time

Reference Time assistance provides the TBS receiver with coarse or fine TBS time information. The specific TBS system times (e.g., MBS) shall be indicated with a TBS ID. 

In case of coarse time assistance only, the Reference Time provides an estimate of the current TBS system time (where the specific TBS is indicated by a TBS ID). The E-SMLC should achieve an accuracy of +/- 3 seconds for this time including allowing for the transmission delay between E-SMLC and UE. 

In case of fine time assistance, the Reference Time provides the relation between TBS system time (where the specific TBS is indicated by a TBS ID) and E-UTRAN air-interface timing. 

8.6.2.1.2
Reference Location 

Reference Location assistance provides the TBS receiver with an apriori estimate of its location (e.g., obtained via Cell-ID, downlink positioning, etc.) together with its uncertainty.

The geodetic reference frame shall be WGS-84, as specified in [4].

8.6.2.1.3
TBS Identifier

Provides identification of the available TBS system, e.g. PRS Beacon, MBS, etc.

8.6.2.1.4
PRS Beacon AD

The IEs for PRS Beacon Assistance data provides the information related to the configuration of PRS in a beacon system.

8.6.2.1.5
MBS Beacon AD and profile information

This field indicates the MBS Beacon assistance data associated with one or more beacons for a specific signal identifier and beacon ID.  If a beacon is transmitting more than 1 signal, multiple instances of the MBS Beacon Info AD for a given BeaconID may be present. This MBS profile field indicates the index of the profile used by the MBS network, if MBS assistance is included.
8.6.2.2
Information that may be transferred from the UE to E-SMLC

The information that may be signalled from UE to the E-SMLC is listed in table 8.1.2.2-1.

Table 8.1.2.2-1-2: Information that may be transferred from UE to the E-SMLC

	Information 
	UE‑assisted 
	UE‑based/standalone 

	Latitude/Longitude/Altitude, together with uncertainty shape
	No
	Yes

	Velocity, together with uncertainty shape
	No
	Yes

	Reference Time, possibly together with TBS-E-UTRAN time association and uncertainty
	Yes
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	PRSB measurements
	Yes
	No

	MBS measurements
	Yes
	No

	Measurement quality parameters for each measurement
	Yes
	No

	Additional, non-TBS related measurement information
	Yes
	No


8.6.2.2.1
TBS Measurement Information

The TBS measurement information reported from the UE to the E-SMLC depends on the TBS mode (i.e., UE-based, autonomous (standalone), or UE-assisted).

8.6.2.2.1.1
UE-based mode

In UE-based or standalone mode, the TBS receiver reports the latitude, longitude and possibly altitude, together with an estimate of the location uncertainty, if available. 

If requested by the E-SMLC and supported by the UE, the TBS receiver may report its velocity, possibly together with an estimate of the uncertainty, if available. 

If requested by the E-SMLC and supported by the UE, the TBS receiver may report the relation between TBS system time (where the specific TBS is indicated by a TBS ID; the specific TBS system time may be selected by the UE) and E-UTRAN air-interface timing. This information may be used by the E-SMLC to assist other UEs in the network. 

The UE should also report an indication of which TBSs and possibly other location methods have been used to calculate a fix. 

8.6.2.2.1.2
UE-assisted mode

In UE-assisted mode, the TBS receiver reports the PRSB or MBS measurements together with associated quality estimates. These measurements enable the E-SMLC to calculate the location of the UE, possibly using other measurements and data. 

If requested by the E-SMLC and supported by the UE, the TBS receiver may report PRSB or MBS measurements together with associated quality measurements, if available. 

If requested by the E-SMLC and supported by the UE, the TBS receiver may report the relation between TBS system time (where the specific TBS is indicated by a TBS ID; the specific TBS system time may be selected by the UE) and E-UTRAN air-interface timing. This information may be used by the E-SMLC to assist other UEs in the network. 

8.6.2.2.2
Additional Non-TBS Related Information

Additional non-TBS measurements performed by E‑UTRAN or UE may be used by the E-SMLC or UE to calculate or verify a location estimate. This information may include downlink positioning measurements, pathloss and signal strength related measurements, etc.

8.6.3
Assisted-TBS Positioning Procedures
8.6.3.2
Assistance Data Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure or for autonomous self location (i.e., UE determines its own location)).

8.6.3.2.1

E-SMLC initiated Assistance Data Delivery

Figure 8.6.3.2.1-1 shows the Assistance Data Delivery operations for the network-assisted TBS method when the procedure is initiated by the E-SMLC. 


[image: image1]
Figure 8.6.3.2.1-1: E‑SMLC-initiated Assistance Data Delivery Procedure

(1)
The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the TBS assistance data defined in subclause 8.6.2.1.

8.6.3.2.2
UE initiated Assistance Data Transfer

Figure 8.6.3.2.2-1 shows the Assistance Data Transfer operations for the network-assisted TBS method when the procedure is initiated by the UE. 


[image: image2]
Figure 8.6.3.2.2-1: UE-initiated Assistance Data Transfer Procedure

(1)
The UE determines that certain A-TBS assistance data are desired (e.g., in case the UE requires its own location with autonomous self location or as part of a positioning procedure when the E-SMLC provided assistance data are not sufficient for the UE to fulfill the request) and sends a LPP Request Assistance Data message to the E-SMLC. This request includes an indication of which specific A-TBS assistance data are requested for each TBS, possibly together with additional information (e.g., for which TBS signal types, or satellites, or times the assistance is requested, etc.). Additional information concerning the UE's approximate location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in an accompanying Provide Location Information message to help the E-SMLC provide appropriate assistance data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving eNodeB and possibly neighbour eNodeBs, as well as E-CID measurements.

(2)
The E-SMLC provides the requested assistance data in a LPP Provide Assistance Data message, if available at the E-SMLC. The entire set of assistance data may be delivered in one or several LPP messages, e.g., one message per TBS. In this case, this step  may be repeated by the E-SMLC several times. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the E-SMLC. If none of the UE requested assistance data in step (1) can be provided by the E-SMLC, return any information that can be provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.

8.6.3.3
Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements or location estimate from the UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic self location where the UE requests its own location).

8.6.3.3.1
E-SMLC initiated Location Information Transfer Procedure

Figure 8.6.3.3.1-1 shows the Location Information Transfer operations for the network-assisted TBS method when the procedure is initiated by the E-SMLC.
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Figure 8.6.3.3.1-1: E-SMLC-initiated Location Information Transfer  Procedure

(1)The E-SMLC sends a LPP Request Location Information message to the UE for invocation of A-TBS positioning. This request includes positioning instructions such as the TBS mode (UE-assisted, UE-based, UE-based preferred but UE-assisted allowed, UE-assisted preferred, but UE-based allowed, standalone), positioning methods (PRSB, MBS, etc. and possibly non-TBS methods, such as downlink positioning or E-CID), specific UE measurements requested if any, such as fine time assistance measurements, velocity, carrier phase, multi-frequency measurements, and quality of service parameters (accuracy, response time).

(2)
The UE performs the requested measurements and possibly calculates its own location. The UE sends an LPP Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed before any of the requested measurements have been obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.

8.6.3.3.2

UE-initiated Location Information Delivery Procedure

Figure 8.6.3.3.2-1 shows the Location Information delivery operations for the UE-assisted TBS method when the procedure is initiated by the UE.
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Figure 8.6.3.3.2-1: UE-initiated Location Information Delivery Procedure

(1)
The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information message may include any UE measurements (TBS pseudo-ranges, and other measurements) already available at the UE.

TS 36.355 Impacts

Based on TR 37.857, the following TS 36.355 impacts have been identified: 
	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 36.355
	2. References
	Addition of references for TBS supporting information.

	TS 36.355
	3.2 Abbreviations
	Additional abbreviations added for TBS positioning

	TS 36.355
	6.3 Message Body IEs
	Addition of TBS IEs for RequestCapabilities, ProvideCapabilities, RequestAssistanceData, Provide AssistanceData, RequestLocationInformation, and ProvideLocationInformation

	TS 36.355
	6.5 Positioning Method IEs
	Additional IEs specific to TBS positioning technologies


Below are some examples how TS 36.355 could be updated to support TBS positioning technologies, based on the existing specification.  TBS will need to be added for each of the message body IEs, e.g. TBS-RequestCapabilities, etc.  In addition to adding references and abbreviations, below is an example of new messaging elements to enable TBS:

Terrestrial Beacon System Positioning LPP Messaging TBS Assistance Data

– 
TBS-ProvideAssistanceData
The IE TBS-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑based and UE‑assisted TBS positioning. It may also be used to provide TBS positioning specific error reasons.
– 
TBS-AssistanceData   

The TBS-AssistanceData IE is used by the location server to provide the target device with TBS specific assistance data.
–
TBS-RequestAssistanceData

The IE TBS-RequestAssistanceData is used by the target device to request TBS positioning assistance data from a location server. 

TBS Location Information 
–
TBS-ProvideLocationInformation
The IE TBS-ProvideLocationInformation is used by the target device to provide TBS location measurements to the location server.

TBS Capability Information 

–
TBS-ProvideCapabilities
The IE TBS-ProvideCapabilities is used by the target device to indicate its capability to support TBS and to provide its TBS location capabilities to the location server. 

TBS Capability Information Request

–
TBS-RequestCapabilities
The IE TBS-RequestCapabilities is used by the location server to request TBS positioning capabilities from a target device. 

TBS Error Elements

–
TBS-Error
The IE TBS-Error is used by the location server or target device to provide TBS error reasons to the target device or location server, respectively. 
TS 29.171 Impacts

TBS-based positioning also impacts the LCS-AP specification, i.e. protocol between the E-SMLC and the MME over the SLs interface. The current 3GPP LCS-AP specification, procedures and messages in E-UTRAN are examined below and modifications required to support MBS are proposed for 3GPP TS 29.171
	TS 29.171
	7.4.13 Positioning Data 
	Addition of TBS to the Positioning Method and Usage IEs, The E-SMLC returns Location Information to MME, and this should indicate that it was calculated using TBS.


In LCS messaging, the ESMLC returns location information to MME.  This location information indicates that it was calculated using a specific positioning method and any new positioning enhancements should be identified in this positioning data set.

Note that the interface described in TS 29.172 Evolved Packet Core (EPC) LCS Protocol (ELP) between the Gateway Mobile Location Centre (GMLC) and the Mobile Management Entity (MME); SLg interface, is also impacted, but there are no specification impacts as TS 29.171 is referenced for the appropriate data structures.
UMTS Impacts

TS 25.305 Impacts

Using TR37.857 as a starting point, the following TS 25.305 (Stage 2 functional specification of User Equipment (UE) positioning in UTRAN) impacts have been identified: 

	TS 25.305
	2. References, 3.2 Abbreviations
	Addition of references, abbreviations

	
	4.3 Standard Positioning Methods (and sub-sections)
	Addition of TBS as a UE positioning method, and description. Re-uses existing messages and procedures.


Below are some examples how TS 25.305 could be updated to support TBS positioning technologies, based on the existing specification, in addition to adding references and abbreviations:

4.3
Standard UE Positioning Methods

The standard positioning methods supported within UTRAN are:

-
cell ID based method;

-
OTDOA method that may be assisted by network configurable idle periods;
-
network-assisted GNSS methods;
-
U-TDOA;
-
network-assisted TBS methods.
4.3.5
A-TBS positioning
These methods make use of UEs that are equipped with radio receivers capable of receiving TBS signals.  A Terrestrial Beacon System consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. 

TBS positioning signals may be GNSS-like signals (e.g. GPS, GLONASS, BDS, Galileo signals), such as the Metropolitan Beacon System (MBS) or PRS/PRS-like signals called PRS (Positioning Reference Signal) Beacon Systems. The operating band of TBS may be licensed or unlicensed.
In this concept, different TBSs (e.g. PRSB, MBS, etc.) can be used separately or in combination to determine the location of a UE.

The operation of the network-assisted TBS methods are described in clause 14.
14
TBS positioning methods

14.1
General
Terrestrial Beacon Systems (TBS) is the standard generic term for a network of ground-based transmitters broadcasting signals (GNSS-like or PRS-like signals) for autonomous geo-spatial positioning with wide-area or regional coverage. The following TBSs are supported in this version of the specification:

· PRS Beacon Systems.
· Metropolitan Beacon Systems
Each TBS can be used individually or in combination with others. When used in combination, the effective number of navigation signals would be increased.
When TBS is designed to inter-work with the UTRAN, the network assists the UE TBS receiver to improve the performance in several respects. These performance improvements will:

-
reduce the UE TBS start-up and acquisition times; the search window can be limited and the measurements speed up significantly;

-
increase the UE TBS sensitivity; positioning assistance messages are obtained via UTRAN so the UE TBS receiver can operate also in low SNR situations when it is unable to demodulate TBS signals;

-
allow the UE to consume less handset power than with stand-alone TBS; this is due to rapid start-up times as the TBS receiver can be in idle mode when it is not needed.

The network-assisted TBS methods rely on signalling between UE receivers (possibly with reduced complexity) and a continuously operating TBS reference receiver network, which has visibility of the same TBS network as the assisted UEs. Two assisted modes are supported:

There are two types of network-assisted TBS methods, namely UE-based and UE-assisted, which differ according to where the actual position calculation is carried out.

Computation of the position and optional velocity fix can either be performed in UTRAN (i.e. SRNC or SAS) for UE-assisted or in the UE for UE‑based.

The UE-based method maintains a full TBS receiver functionality in the UE, and the position and optional velocity calculation is carried out by the UE, thus allowing stand-alone position and optionally, velocity fixes.

In the UE-assisted method, the UE employs a reduced complexity TBS receiver functionality. This carries out the pseudorange (code phase) measurements. These are signalled, using higher layer signalling, to the specific network element that estimates the position of the UE and carries out the remaining TBS operations
The assistance data content may vary depending on whether the UE operates in UE-Assisted or UE-Based mode.

The assistance data signalled to the UE can be broadly classified into data assisting the measurements and calculations: e.g. reference time, visible TBS list and their reference location, clock corrections. 

A UE with TBS measurement capability may also operate in an autonomous (standalone) mode. In autonomous mode the UE determines its position based on signals received from TBS without assistance from the network. 

14.2
Information to be transferred between UTRAN Elements
This subclause defines the information (e.g., assistance data, measurement data) that may be transferred between UTRAN elements (e.g. SAS, RNC).

14.2.1
Information that may be transferred from the SRNC to UE

Table 14.2.1-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the SAS/SRNC to the UE. 

NOTE:
The provision of these assistance data elements and the usage of these elements by the UE depend on the UTRAN and UE capabilities, respectively.

Table 14.2.1-1: Information that may be transferred from the SRNC to UE

	Assistance Data 

	Reference Time

	Reference Location

	TBS Identifier   

	PRS Beacon AD

	MBS AD and profiles


14.2.1.1
Reference Time

Reference Time assistance provides the TBS receiver with coarse or fine TBS time information. The specific TBS system times (e.g., MBS) shall be indicated with a TBS ID. 

In case of coarse time assistance only, the Reference Time provides an estimate of the current TBS system time (where the specific TBS is indicated by a TBS ID). The SRNC should achieve an accuracy of +/- 3 seconds for this time including allowing for the transmission delay between SRNC and UE. 

In case of fine time assistance, the Reference Time provides the relation between TBS system time (where the specific TBS is indicated by a TBS ID) and UTRAN air-interface timing. 

14.2.1.2
Reference Location 

Reference Location assistance provides the TBS receiver with an apriori estimate of its location (e.g., obtained via Cell-ID, downlink positioning, etc.) together with its uncertainty.

The geodetic reference frame shall be WGS-84, as specified in [4].

14.2.1.3
TBS Identifier

Provides identification of the available TBS system, e.g. PRS Beacon, MBS, etc.

14.2.1.4
PRS Beacon AD

The IEs for PRS Beacon Assistance data provides the information related to the configuration of PRS in a beacon system.

14.2.1.5
MBS Beacon AD and profile information

This field indicates the MBS Beacon assistance data associated with one or more beacons for a specific signal identifier and beacon ID.  If a beacon is transmitting more than 1 signal, multiple instances of the MBS Beacon Info AD for a given BeaconID may be present. This MBS profile field indicates the index of the profile used by the MBS network, if MBS assistance is included.
14.2.2
Information that may be transferred from the UE to SRNC
The information that may be signalled from UE to the SRNC is listed in table 8.1.2.2-1.

Table 8.1.2.2-1-2: Information that may be transferred from UE to the SRNC
	Information 
	UE‑assisted 
	UE‑based/standalone 

	Latitude/Longitude/Altitude, together with uncertainty shape
	No
	Yes

	Velocity, together with uncertainty shape
	No
	Yes

	Reference Time, possibly together with TBS-UTRAN time association and uncertainty
	Yes
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	PRSB measurements
	Yes
	No

	MBS measurements
	Yes
	No

	Measurement quality parameters for each measurement
	Yes
	No

	Additional, non-TBS related measurement information
	Yes
	No


14.2.2.1
TBS Measurement Information

The TBS measurement information reported from the UE to the SRNC depends on the TBS mode (i.e., UE-based, autonomous (standalone), or UE-assisted).

14.2.2.1.1
UE-based mode

In UE-based or standalone mode, the TBS receiver reports the latitude, longitude and possibly altitude, together with an estimate of the location uncertainty, if available. 

If requested by the SRNC and supported by the UE, the TBS receiver may report its velocity, possibly together with an estimate of the uncertainty, if available. 

If requested by the SRNC and supported by the UE, the TBS receiver may report the relation between TBS system time (where the specific TBS is indicated by a TBS ID; the specific TBS system time may be selected by the UE) and UTRAN air-interface timing. This information may be used by the SRNC to assist other UEs in the network. 

The UE should also report an indication of which TBSs and possibly other location methods have been used to calculate a fix. 

14.2.2.1.2
UE-assisted mode

In UE-assisted mode, the TBS receiver reports the PRSB or MBS measurements together with associated quality estimates. These measurements enable the SRNC to calculate the location of the UE, possibly using other measurements and data. 

If requested by the SRNC and supported by the UE, the TBS receiver may report PRSB or MBS measurements together with associated quality measurements, if available. 

If requested by the SRNC and supported by the UE, the TBS receiver may report the relation between TBS system time (where the specific TBS is indicated by a TBS ID; the specific TBS system time may be selected by the UE) and UTRAN air-interface timing. This information may be used by the SRNC to assist other UEs in the network. 

14.2.2.2
Additional Non-TBS Related Information

Additional non-TBS measurements performed by UTRAN or UE may be used by the SRNC or UE to calculate or verify a location estimate. This information may include downlink positioning measurements, pathloss and signal strength related measurements, etc.

14.3
Assisted-TBS Positioning Procedures
14.3.1
Assistance Data Transfer Procedure

The purpose of this procedure is to enable the SRNC to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the SRNC (e.g., as part of a positioning procedure or for autonomous self location (i.e., UE determines its own location)).  These procedures are similar to network assisted GPS (see subclause 10).

14.3.1.1

SRNC initiated Assistance Data Delivery

Assistance Data Delivery operations for the network-assisted TBS method when the procedure is initiated by the SRNC is similar to GPS (see subclause 10). 

14.3.1.2
UE initiated Assistance Data Transfer

Assistance Data Transfer operations for the network-assisted TBS method when the procedure is initiated by the UE is similar to GPS (see subclause 10). 

14.3.2
Location Information Transfer Procedure

The purpose of this procedure is to enable the SRNC to request position measurements or location estimate from the UE, or to enable the UE to provide location measurements to the SRNC for position calculation (e.g., in case of basic self location where the UE requests its own location). See subclause 10 for re-use of network assisted GPS procedures.
TS 25.331 Impacts

Based on TR 37.857 v0.4.0, the following Radio Resource Control (RRC); Protocol specification impacts have been identified: 
	TS 25.331
	2. References, 3.2 Abbreviations
	Addition of references, abbreviations 

	
	9, 10, 11 Positioning Method IEs
	No new messages or procedures are required, but the following RRC Positioning Messages will need to be extended to support TBS: Measurement Control, Assistance Data Delivery, Measurement Report, and the RRC UE Capability Procedure.


Below are some examples how TS 25.331 could be updated to support TBS positioning technologies, based on the existing specification.  No new messages or procedures are required, but the following RRC Positioning Messages will need to be extended to support TBS:

•
Measurement Control: This message is sent by the RNC to the UE to request position measurements in the UE or for a location estimate of the UE. The RNC initiates this message to the UE when a location request is received by the RNC either from the CN (e.g. MSC or SGSN) or from SAS. The presence of TBS positioning assistance data indicates that TBS-based positioning method is requested by the RNC.  Some examples of the AD include the following:

	Assistance Data 

	Reference Time

	Reference Location

	TBS Identifier   

	PRS Beacon AD

	MBS AD and profiles


· Assistance Data Delivery: This message enables the assistance data delivery procedure by transferring UE positioning related assistance data from the UTRAN to the UE.  Examples of the TBS assistance data in shown above. 
· Measurement Report: This message is sent by the UE to the RNC to transfer the measurement results or a location estimate obtained by the UE. The TBS IEs, a UE positioning estimate Info parameter provides the location estimate, the UE Positioning TBS measurement results parameter provides the UE TBS position measurements, and the UE positioning error parameter provides error handling.  Each of these messages will require IE specific for TBS systems.
•
RRC UE Capability Procedure: The UE capability enquiry is a part of the RRC Connection Management Procedures and there are two RRC messages for this purpose: the RRC UE Capability Enquiry from the RNC to the UE and the RRC UE Capability Information from the UE to the RNC.  The UE Capability Information will need to reflect the UE TBS capabilities when applicable.
TS 25.413 Impacts

Based on TR 37.857 v0.4.0, the following UTRAN Iu interface Radio Access Network Application Part (RANAP) signalling specification impacts have been identified: 
	TS 25.413
	2. References, 3.2 Abbreviations 
	Addition of references, abbreviations

	
	9.2.3.27 Position Data
	Add TBS Positioning Data Set IE to provide data related to the positioning methods in relation with the Location Report procedure


More specifically, The following are the RANAP Elementary Procedures related to Location Services provide position methods information;
1.
Location Reporting Control

2.
Location Report
Below is an example of a possible change to the Position Data Set to identify TBS systems.

9.2.3.27
Position Data

This IE provides data related to the positioning methods in relation with the Location Report procedure.

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

	Positioning Data Discriminator
	M
	
	BIT STRING (SIZE(4))
	The positioning data discriminator defines the type of data provided for each positioning method:

0000
indicates the presence of the Positioning Data Set IE (that reports the usage of each non-GANSS method that was successfully used to obtain the location estimate) and the optional presence of the GANSS Positioning Data Set IE;

0001
indicates the presence of the GANSS Positioning Data Set IE (that reports the usage of each GANSS method that was successfully used to obtain the location estimate) and the absence of the Positioning Data Set IE.

1 octet of data is provided for each positioning method included.

All other values are reserved.
	–
	

	Positioning Data Set
	C-ifDiscriminator=0
	
	
	
	–
	

	>Positioning Method and Usage
	
	1 to <maxSet>
	OCTET STRING SIZE((1))
	Coding of positioning method (bits 8-4):

00000 Reserved (NOTE);

00001 Reserved (NOTE);

00010 Reserved (NOTE);

00011 Reserved (NOTE);

00100 Reserved (NOTE);

00101 Mobile Assisted GPS;

00110 Mobile Based GPS;

00111 Conventional GPS;

01000 U-TDOA;

01001 OTDOA;

01010 IPDL;

01011 RTT;

01100 Cell ID;

01101 to 01111 reserved for other location technologies;

10000 to 11111 reserved for network specific positioning methods.

Coding of usage (bits 3-1):

000 Attempted unsuccessfully due to failure or interruption - not used.

001 Attempted successfully: results not used to generate location - not used.

010 Attempted successfully: results used to verify but not generate location - not used.

011 Attempted successfully: results used to generate location.

100 Attempted successfully: case where MS supports multiple mobile based positioning methods 
and the actual method or methods used by the MS cannot be determined.

NOTE: Reserved because of GERAN use only.
	–
	

	GANSS Positioning Data Set
	O
	
	
	
	YES
	ignore

	>GANSS Positioning Method and Usage
	
	1 to <maxGANSSSet>
	OCTET STRING (SIZE(1))
	Coding of positioning method (bits 8-7):

00 MS-Based;

01 MS-Assisted;

10 Conventional;

11 Reserved.

Coding of GANSS ID (bits 6-4):

000 Galileo;

001 SBAS;

010 Modernized GPS;

011 QZSS;

100 GLONASS;

101 BDS (See BDS-SIS-ICD [66]);

other values reserved.

Coding of usage (bits 3-1):

011 Attempted successfully: results used to generate location;

100 Attempted successfully: case where MS supports multiple mobile based positioning methods and the actual method or methods used by the MS cannot be determined.
	–
	

	TBS Positioning Data Set
	O
	
	
	
	YES
	ignore

	>TBS Positioning Method and Usage
	
	1 to <maxTBSSet>
	OCTET STRING (SIZE(1))
	Coding of positioning method (bits 8-7):

00 MS-Based;

01 MS-Assisted;

10 Conventional;

11 Reserved.

Coding of TBS ID (bits 6-4):

000 TBS 1;

001 TBS 2;

other values reserved.

Coding of usage (bits 3-1):

011 Attempted successfully: results used to generate location;

100 Attempted successfully: case where MS supports multiple mobile based positioning methods and the actual method or methods used by the MS cannot be determined.
	–
	


TS 25.453 Impacts

Based on TR 37.857 v0.4.0, the following UTRAN Iupc interface Positioning Calculation Application Part (PCAP) signalling specification impacts have been identified: 
	TS 25.453 
	2. References, 3.2 Abbreviations
	Addition of references and abbreviations

	
	9.2.2.55
Positioning Method
	Add TBS Positioning Method IE, which contains the Positioning Method used for SAS centric positioning method selection.


Below are some examples how TS 25.453 could be updated to support TBS positioning technologies, based on the existing specification.  TBS will impact the following procedures: RNC forwards to SAS the information obtained during the Positioning Procedure in the Location Response.

In UE-based TBS positioning, RNC forwards Position Information to the SAS.
In UE-assisted TBS positioning, RNC forwards TBS Measurements to the SAS.

SAS returns Position Information back to the RNC in the Position Initiation Response.  Location Information Elements indicate that it was calculated using TBS measurements, e.g. see below as an example IE update in PCAP:
9.2.2.55
Positioning Method

This IE contains the Positioning Method used for SAS centric positioning method selection.

Table 98

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Additional Method Type
	M
	
	9.2.2.58
	
	–
	

	Selected Position Method
	M
	
	ENUMERATED(OTDOA, GPS, OTDOA or GPS, Cell ID, UTDOA, …, GNSS, OTDOA or GNSS, TBS, OTDOA or TBS, TBS or GPS, OTDOA or GPS or TBS, OTDOA or GNSS or TBS)
	
	–
	

	GNSS Positioning Method
	C-GNSS
	
	BIT STRING (SIZE(9))
	For each bit, if set to ‘1’, indicates that respective GNSS is allowed.

Bit 1 is the MSB and bit 9 is the LSB (see clause 9.2.1).

bit 1: GPS

bit 2: Galileo

bit 3: SBAS(WAAS, EGNOS,

MSAS, GAGAN)

bit 4: Modernized

GPS (L1C, L2C, L5)

bit 5: QZSS

bit 6: GLONASS

bits 7-9: reserved for future GNSSes

Note: Bit 1 cannot be the only one set to 1.
	YES
	ignore

	TBS Positioning Method
	C-TBS
	
	BIT STRING
(SIZE(8))
	For each bit, if set to ‘1’, indicates that respective TBS is allowed.

Bit 1 is the MSB and bit 8 is the LSB (see clause 9.2.1).

bit 1: PRS

bit 2: MBS

bits 3-8: reserved for future TBS’s


	
	


Conclusions
This contribution proposes investigation of TBS impacts per the indoor positioning Study Item based on the discussions in the RAN2#90 Indoor Positioning Enhancements sessions and the signaling/messaging support necessary to enable these positioning enhancements.  
To summarize, no new messages or procedures are required to support TBS in LTE or UMTS protocols.  However, some new information elements and data sets will need to be extended to support TBS as has been described in this study.
It is proposed that this contribution is discussed for additional details to be included in TR 37.857 and approved by RAN2.   

Proposal 1: 
Agree a Text Proposal for additional Terrestrial Beacon Systems messaging and protocol details to be included in the TR 37.857.
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