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1.  

Introduction
At RAN#69 meeting, a new work item on "Indoor Positioning Enhancements for UTRA and LTE" was agreed [1]. The objectives of this work item include the addition of Terrestrial Beacon Systems (TBS).
At RAN2#91bis meeting, a Stage 2 CR for "RAT-Independent Positioning Enhancements" (incl. TBS) was endorsed as a baseline running CR [2]. 
This contribution focuses on PRS-based TBS and proposes the Stage 2 [3] and Stage 3 (LPP [4]) changes required to support PRS-based TBS.

This contribution is related to RAN1 contributions in [12,13,14], where the corresponding RAN1 changes are discussed.  

2. 

Assumptions and Generalities
The specification impacts for PRS-based TBS are summarized in TR 37.857 [5] and references therein. As identified in [5], for "TBS Option 1 (i.e., PRS-based TBS), existing OTDOA capabilities, assistance data, and location information transfer may be reused, or extended if needed."
According to the baseline Stage 2 CR [2], no UE-based mode shall be supported. For PRS-based TBS, this is consistent with the downlink OTDOA positioning method, where also UE-assisted mode only is supported (i.e., PRS-based TBS can be considered as OTDOA enhancement). 
However, provision is made in [2] for TBS operation in standalone mode. Note, standalone mode is independent of E‑UTRAN and according to [6], position methods where an UE performs measurements and location computation without any network assistance data are not considered as UE-based.
Standalone PRS-based TBS is currently not supported in RAN1 specifications. As described in [7], standalone PRS-based TBS cannot be supported using PRS signals only (other signals/channels, like synchronization signals, and broadcast channels would be required in addition. However, these channels may require some modifications in order not to disturb normal UE operation (e.g., cell search)).

Therefore, this contribution focuses on UE-assisted PRS-based TBS, which requires only relative minor RAN1 changes (see [12,13,14]). Since the current Work Item Description [1] does not foresee sufficient RAN1 TUs for TBS, standalone PRS-based TBS must be deferred. 
In summary, PRS-based TBS is introduced in RAN2 specifications as follows:

1. Existing OTDOA capabilities, assistance data, and location information transfer is reused, or extended if needed.

2. UE-assisted mode only is supported. 

3. 

E-UTRAN UE Positioning Architecture
As defined in the baseline Stage 2 CR [2], TBS consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. Therefore, TBS can be supported in the E-UTRAN positioning architecture by introducing a new node (see e.g., [10]), which is defined as "Location Transmission Unit (LTU)", as shown in Figure 1.
The Location Transmission Unit (LTU) provides signals only for positioning purposes. For PRS-based TBS, the LTU provides (at least) Positioning Reference Signals (PRS) [12]. 
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Figure 1: UE Positioning Architecture applicable to E-UTRAN.
4. 

Information to be transferred between E-UTRAN Elements

This section proposes the information that may be transferred between E-SMLC and UE.
4.1

Assistance Data that may be transferred from the E-SMLC to UE
The assistance data shall enable the UE to perform the PRS-based TBS signal measurements. Therefore, the assistance data are essentially the same as defined for OTDOA Positioning [3, 4]. However, the following changes/clarifications are required:
1. The PRS-based LTUs are identified by a beacon identity. To avoid conflicts with E-UTRAN network planning, and to distinguish E-UTRAN cells from LTUs, the beacon identity value range should not overlap with the PCI value range; i.e., uses values > 503.
2. The PRS-based LTU network time is the same as LTE system time (e.g., SFN, subframe number, slot number, symbol number, etc.) [12]. The PRS-based LTUs may be deployed on a carrier frequency which is not used for E‑UTRAN OTDOA (e.g., dedicated TBS carrier [5]). That is, the RSTD reference cell and neighbour cells may operate on the same carrier frequency, which may however, be different from the UE serving cell frequency. Since a UE cannot obtain the LTU system time from the LTU (e.g., a UE cannot "connect" to a LTU to obtain the SFN, etc.), the LTU system time (SFN) must be provided in the OTDOA assistance data. 
3. Since the LTUs may operate on a dedicated TBS carrier [5] (stand-alone TBS carrier), a positioning occasion can consist of more than 6 subframes; in the limiting case, all subframes may be used for PRS transmission [5]. 

The assistance data that may be transferred from the E-SMLC to the UE are listed in Table 1.
Table 1: Information that may be transferred from the E-SMLC to UE

	Assistance Data 
	UE‑assisted 

	Physical beacon IDs of candidate LTUs for measurement
	Yes

	Timing relative to the serving eNodeB of candidate LTUs
	Yes

	PRS configuration information of the LTUs
	Yes


4.2

Location Information that may be transferred from the UE to E-SMLC
The location information that may be signaled from the UE to the E-SMLC is essentially the same as for the downlink OTDOA method [3,4], and are listed in Table 2.
Table 2: Information that may be transferred from UE to the E-SMLC
	Information 
	UE‑assisted 

	Time stamp of location information
	Yes

	Physical beacon IDs of measured LTUs
	Yes

	RSTD of measured LTUs
	Yes

	Quality of RSTD measurement
	Yes


5. 

Proposed Changes to 36.305

The proposed changes to TS 36.305 for support of PRS-based TBS as discussed above are included in the Annex of this contribution. The changes are shown relative to the endorsed baseline running CR in [2]. 

6.

Proposed Changes to 36.355

As discussed above, and described in e.g., [5], the OTDOA information elements are reused for PRS-based TBS positioning. With the assumptions listed in section 2 and 3 above, the following changes to 36.355 are required:
(1) Addition of LTU signals to the LPP configuration in section 4.1.1.
(2) Clarification that OTDOA positioning elements are also used for PRS-based TBS.

(3) Addition of missing information elements, as summarized in section 4 above.

A CR to 36.355 is proposed in [11] accordingly.
7.

Summary

In this contribution, we discussed the changes required to support UE-assisted PRS-based TBS in E-UTRAN (defined as "minimal UE-assisted TBS version" in [12]). The following is proposed:
Proposal 1:
Agree on the proposed Stage 2 changes summarized in the Annex of this contribution (relative to the endorsed baseline running Stage 2 CR in [2]).

Proposal 2:
Agree on the proposed LPP CR provided in [11].
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3
Definitions and abbreviations

3.1

Definitions

For the purposes of the present document, the terms and definitions given in [1] apply.

As used in this document, the suffixes “-based” and “-assisted” refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation).  Thus, an operation in which measurements are provided by the UE to the E-SMLC to be used in the computation of a position estimate is described as “UE-assisted” (and could also be called “E-SMLC-based”), while one in which the UE computes its own position is described as “UE-based”.

Both standalone LMU and LMU integrated into an eNB are supported. As used in this document, LMU refers to both cases of a standalone LMU and an LMU integrated into an eNodeB unless explicitly mentioned otherwise.
3.2

Abbreviations
For the purposes of the present document, the following abbreviations apply.

AoA
Angle of Arrival

BDS
BeiDou Navigation Satellite System
BT
Bluetooth
CID
Cell-ID (positioning method)

E-SMLC
Enhanced Serving Mobile Location Centre

E-CID
Enhanced Cell-ID (positioning method)

ECEF
Earth-Centered, Earth-Fixed

ECI
Earth-Centered-Inertial

EGNOS
European Geostationary Navigation Overlay Service

E-UTRAN
Evolved Universal Terrestrial Radio Access Network

GAGAN
GPS Aided Geo Augmented Navigation

GLONASS
GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)

GMLC
Gateway Mobile Location Center

GNSS
Global Navigation Satellite System

GPS
Global Positioning System

LCS
LoCation Services

LCS-AP
LCS Application Protocol

LMU
Location Measurement Unit

LPP
LTE Positioning Protocol

LPPa
LTE Positioning Protocol Annex
MBS
Metropolitan Beacon System
LTU
Location Transmission Unit
MO-LR
Mobile Originated Location Request

MT-LR
Mobile Terminated Location Request

NI-LR
Network Induced Location Request
PBS
PRS Beacon System
PDU
Protocol Data Unit

PRS
Positioning Reference Signal

QZSS
Quasi-Zenith Satellite System

RRM
Radio Resource Management
RSTD
Reference Signal Time Difference
SBAS
Space Based Augmentation System

SET
SUPL Enabled Terminal

SLP
SUPL Location Platform

SUPL
Secure User Plane Location

TADV
Timing Advance
TBS
Terrestrial Beacon System
UE
User Equipment

UTDOA
Uplink Time Difference of Arrival

WAAS
Wide Area Augmentation System

WGS-84
World Geodetic System 1984
WLAN
Wireless Local Area Network

<End of changed section>
<Start of next changed section>

4.3.8

TBS positioning
A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. TBS positioning signals are PRS signals [32,33] and the Metropolitan Beacon System (MBS) signals [31]. 

The operation of TBS positioning method is described in clause 8.9.
<End of changed section>

<Start of next changed section>
5
E-UTRAN UE Positioning Architecture

Figure 5-1 shows the architecture in EPS applicable to positioning of a UE with E-UTRAN access. 

The MME receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC or UE) or the MME itself decides to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in [2]. The MME then sends a location services request to an E-SMLC. The E-SMLC processes the location services request which may include transferring assistance data to the target UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the target UE. For the Uplink method, the E-SMLC processes the location services request which includes transferring configuration data to the selected LMU(s). The E-SMLC then returns the result of the location service back to the MME (e.g., a position estimate for the UE and/or an indication of any assistance data transferred to the UE). In the case of a location service requested by an entity other than the MME (e.g., UE or E-SMLC), the MME returns the location service result to this entity.

The SLP is the SUPL entity responsible for positioning over the user plane.  Further details of the relationship of the user-plane positioning entities to the E-UTRAN control-plane positioning architecture are described in Annex B.
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Figure 5-1: UE Positioning Architecture applicable to E-UTRAN
<End of changed section>
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5.3

Functional Description of Elements Related to UE 



Positioning in E-UTRAN

5.3.1

User Equipment (UE)

The UE may transmit the needed signals for uplink-based UE Positioning measurements and may make measurements of downlink signals from E-UTRAN and other sources such as different GNSS and TBS systems, WLAN access points, BT beacons, or UE barometric sensors. The measurements to be made will be determined by the chosen positioning method.

The UE may also contain LCS applications, or access an LCS application either through communication with a network accessed by the UE or through another application residing in the UE. This LCS application may include the needed measurement and calculation functions to determine the UE's position with or without network assistance. This is outside of the scope of this specification.

The UE may also, for example, contain an independent positioning function (e.g., GPS) and thus be able to report its position, independent of the E-UTRAN transmissions. The UE with an independent positioning function may also make use of assistance information obtained from the network.

5.3.2

eNode B

The eNode B is a network element of E-UTRAN that may provide measurement results for position estimation and makes measurements of radio signals for a target UE and communicates these measurements to an E-SMLC.

The eNode B makes its measurements in response to requests from the E-SMLC (on demand or periodically).

The eNodeB may configure the target UE to transmit periodic SRS with multiple transmissions (see 5.2.2) during uplink positioning.

5.3.3

Evolved Serving Mobile Location Centre (E-SMLC)

The E-SMLC manages the support of different location services for target UEs, including positioning of UEs and delivery of assistance data to UEs. The E-SMLC may interact with the serving eNode B for a target UE in order to obtain position measurements for the UE, including uplink measurements made by the eNode B and downlink measurements made by the UE that were provided to the eNode B as part of other functions such as for support of handover. The E-SMLC may also interact with the serving eNodeB to indicate to the serving eNodeB the need to direct the UE to transmit SRS (see 5.2.2) signals to enable the uplink positioning method and to acquire the target UE configuration data needed by the LMUs to calculate the timing of these signals. 

The E-SMLC will select a set of LMUs to be used for the UTDOA positioning.  The E-SMLC interacts with the selected LMUs to request timing meaurements.

The E-SMLC may interact with a target UE in order to deliver assistance data if requested for a particular location service, or to obtain a location estimate if that was requested.

For positioning of a target UE, the E-SMLC decides on the position methods to be used, based on factors that may include the LCS Client type, the required QoS, UE positioning capabilities, and eNode B positioning capabilities. The E-SMLC then invokes these positioning methods in the UE and/or serving eNode B. The positioning methods may yield a location estimate for UE-based position methods and/or positioning measurements for UE-assisted and network-based position methods. The E-SMLC may combine all the received results and determine a single location estimate for the target UE (hybrid positioning). Additional information like accuracy of the location estimate and velocity may also be determined.

5.3.4

Location Measurement Unit (LMU)
The Location Measurement Unit (LMU) makes measurements and communicates these measurements to an E-SMLC. All positioning measurements obtained by an LMU are supplied to the E-SMLC that made the request.

A UE Positioning request may involve measurements by multiple LMUs.
5.3.5

Location Transmission Unit (LTU)
The Location Transmission Unit (LTU) provides signals only for positioning purposes. LTU signals may be positioning reference signals [32] or may be GNSS-like signals.
<End of changed section>
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8.9

TBS positioning methods


8.9.1

General

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

· PRS Beacon Systems (PBS);

· Metropolitan Beacon Systems (MBS).

Two positioning modes are supported:

· UE-Assisted: The UE performs TBS measurements (RSTD (PBS), code phase (MBS)) and sends these measurements to the E-SMLC where the position calculation takes place, possibly using additional measurements from other (non TBS) sources;

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

NOTE: 
PRS-based TBS in standalone mode is not supported in this version of the specification.
8.9.2 
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.
8.9.2.1
Information that may be transferred from the E-SMLC to UE
The assistance data that may be transferred from the E-SMLC to the UE depends on the LTU signal properties. 

In case of PRS based LTUs [32], the assistance data that may be transferred from the E-SMLC to the UE are listed in Table 8.9.2.1-1.

Table 8.9.2.1-1: Information that may be transferred from the E-SMLC to UE

	Assistance Data 
	UE‑assisted 

	Physical beacon IDs of candidate LTUs for measurement
	Yes

	Timing relative to the serving eNodeB of candidate LTUs
	Yes

	PRS configuration information of the LTUs
	Yes


8.9.2.2
Information that may be transferred from the UE to E-SMLC
The information that may be transferred from the UE to the E-SMLC depends on the LTU signal properties. 
In case of PRS-based LTUs, the information that may be signalled from the UE to the E-SMLC is summarized in Table 8.9.2.2-1.
Table 8.9.2.2-1: Information that may be transferred from UE to the E-SMLC
	Information 
	UE‑assisted 

	Time stamp of location information
	Yes

	Physical beacon IDs of measured LTUs
	Yes

	RSTD of measured LTUs
	Yes

	Quality of RSTD measurement
	Yes


In case of MBS signals, the information that may be signalled from the UE to the E-SMLC is summarized in Table 8.9.2.2-2.
Table 8.9.2.2-2: Information that may be transferred from UE to the E-SMLC

	Information 
	UE‑assisted 
	Standalone 

	UE position estimate with uncertainty shape
	No
	Yes

	Timestamp
	Yes
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	TBS measurements (RSTD (PBS), code phase (MBS))
	Yes
	No

	Measurement quality parameters for each measurement
	Yes
	No


8.9.2.2.1
Standalone mode

In Standalone mode, the UE reports the latitude, longitude and possibly altitude, together with an estimate of the location uncertainty, if available. 

The UE should also report an indication that TBS system is used and possibly other positioning methods used to calculate the fix. 

8.9.2.2.2
UE-assisted mode

In UE-assisted mode, the UE reports the measurements defined in sub-clause 8.9.2.2. These measurements enable the E-SMLC to calculate the location of the UE, possibly using other measurements and data. 

8.9.3 
TBS Positioning Procedures

8.9.3.1 Capability Transfer Procedure
The Capability Transfer procedure for TBS positioning is described in subclause 7.1.2.1.
8.9.3.2
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)).
8.9.3.2.1
E-SMLC-initiated assistance data delivery
Figure 8.9.3.2.1-1 shows the Assistance Data Delivery operations for the terrestrial beacon systems positioning method when the procedure is initiated by the E-SMLC. 


[image: image4]
Figure 8.9.3.2.1-1: 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 terrestrial beacon systems positioning assistance data defined in subclause 8.9.2.1. 
8.9.3.2.2
UE-initiated assistance data transfer
Figure 8.9.3.2.2-1 shows the Assistance Data Transfer operations for the terrestrial beacon systems positioning method when the procedure is initiated by the UE. 
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Figure 8.9.3.2.2-1: UE-initiated Assistance Data Transfer Procedure

 (1)

The UE determines that certain terrestrial beacon systems positioning 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 an LPP Request 
Assistance Data message to the E-SMLC. This request includes an indication of which specific terrestrial 
beacon systems assistance data are requested.  Additional information concerning the UE's approximate 
location and serving 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 in an LPP Provide Assistance Data message, if available at the 
E-SMLC. 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.
8.9.3.3
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).

8.9.3.3.1
E-SMLC initiated Location Information Transfer Procedure

Figure 8.9.3.1.3-1 shows the Location Information Transfer operations for the TBS method when the procedure is initiated by the E-SMLC.
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Figure 8.9.3.3.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1)The E-SMLC sends a LPP Request Location Information message to the UE for invocation of TBS positioning. This request includes positioning instructions such as the positioning mode (UE-assisted, Standalone), TBS system to use (PBS, MBS) and required 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.

8.9.3.3.2
UE-initiated Location Information Delivery Procedure

Figure 8.9.3.3.2-1 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 8.9.3.3.2-1: 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 UE TBS measurements or location estimate already available at the UE.

<End of last changed section>
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