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3.2
Abbreviations

For the purposes of the present document, the following abbreviations and the abbreviations given in 3GPP TS 21.905 apply.

2G-
Second Generation

3G-
Third Generation

A
Interface between GERAN BSS and MSC

A-GPS
Assisted GPS

ATD
Absolute Time Difference

BSSLAP
Base Station System Application Part

BSSAP-LE
Base Station System Application Part LCS Extension

CBC-BSC
Interface between CBC and BSC

CBC-SMLC
Interface between CBC and SMLC

D-GPS
Differential GPS

E-OTD
Enhanced Observed Time Difference

Iu
Interface between GERAN BSS and 3G Core Network

Iu-cs
Interface between GERAN BSS and 3G MSC

Iu-ps
Interface between GERAN BSS and 3G SGSN

Gb
Interface between GERAN BSS and SGSN

Lb
Interface between  SMLC and BSC

LCCF
Location Client Control Function

LCF
Location Client Function

LSBcF
Location System Broadcast Function

LSCF
Location System Control Function

LSOF
Location System Operation Function

PCF
Position Calculation Function

PRCF
Positioning Radio Co-ordination Function

PRRM
Positioning Radio Resource Management

PSMF
Positioning Signal Measurement Function

RIT
Radio Interface Timing

RRLP
Radio Resource Link Protocol

RTD
Real Time Difference

SMSCB
Short Message Service Cell Broadcast

SMLCPP
Serving Mobile Location Center Peer Protocol

TA
Timing Advance

UDT
SCCP Unitdata message

Um
GERAN Air Interface

UTC
Universal Coordinated Time

U-TDOA
Uplink Time Difference of Arrival
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4
Main concepts

A general description of location services and the service requirements is given in the specification 3GPP TS 22.071. By measuring radio signals the capability to determine the geographic location of the mobile station (MS) shall be provided. The location information may be requested by and reported to a client (application) associated with the MS, or by a client within or attached to the Core Network. The location information may also be utilised internally by GERAN, for example to support features such as home location billing. The location information shall be reported in standard formats, such as those for cell based or geographical coordinates of the location of the MS.

It shall be possible for the majority of the MS (active or idle) within a network to use the feature without compromising the radio transmission or signalling capabilities of the GERAN.

Four positioning mechanisms are supported for LCS: Timing Advance (TA), Enhanced Observed Time Difference (E‑OTD), Global Positioning System (GPS) and Uplink Time Difference Of Arrival (U-TDOA).

<<Next changed section>>

4.2.4 Uplink Time Difference of Arrival (U-TDOA) positioning mechanism

The U-TDOA positioning method is based on network measurements of the Time of Arrival (TOA) of a known signal sent from the mobile and received at three or more LMUs. The known signal is the normal bursts generated by a mobile while in the dedicated mode; either on the SDCCH or TCH. The method requires LMUs in the geographic vicinity of the mobile to be positioned to accurately measure the TOA of the bursts.  Since the geographical coordinates of the measurement units are known, the mobile position can be calculated via hyperbolic triangulation.  This method will work with existing mobiles without any modification.

<<Next changed section>>

7.3.1
SCCP Connection for positioning of a target MS

The BSC establishes this connection when a request is received for a location estimate for a target MS in the CS domain. The BSC sends the BSSAP-LE Perform Location Request to the SMLC inside an SCCP Connection Request message. Signaling between the SMLC and target MS, if required, is then relayed by the BSC between this SCCP connection and the main signaling link to the MS. The same SCCP connection is also used to transfer BSSLAP messages between the SMLC and serving BSC. See Figure 14.

<<Next changed section>>

8.1
Information Transfer between an SMLC and a Target MS in the CS Domain in A/Gb mode for E-OTD and GPS positioning methods

An SMLC uses the procedure shown below in order to obtain the MS position or positioning measurements from a target MS or transfer location assistance information to a target MSin the CS domain after a request has been received from the BSC serving the target MS. More details of the location information transfer procedure between the BSC and MS can be found in 3GPP TS 24.008.

<<Last changed section>>

9.5 U-TDOA Positioning Procedures
9.5.1 U-TDOA Positioning in CS Domain for A/Gb-mode
9.5.1.1 General Procedures
The U-TDOA location method uses the uplink energy transmitted by an MS to make a location determination.  If the MS was in the dedicated mode, carrying subscriber traffic prior to the beginning of the location process, the energy associated with this subscriber traffic can be used to locate the MS.  If the MS was placed in the dedicated mode by the MSC specifically for location determination purposes, either the SDCCH or TCH can be used for U-TDOA location purposes.
9.5.1.2 Positioning Procedure
The VMSC establishes a dedicated radio resource connection to the MS if it does not already exist and sends the ‘BSSMAP-LE Perform Location Request’ to the SMLC via the BSC.  The following describes the resulting procedure for U-TDOA location determination. 
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Figure 36: 
U-TDOA Positioning Procedure

1. The SMLC sends a 'BSSMAP-LE Connection Oriented Information (U-TDOA Request)' message to the BSC. The message contains the cell ID (CI) of the serving cell and the delta timer value.

2. The BSC specifies the physical channel information (frequencies, hopping sequence, channel type, time slot, sub-channel number, etc.), MS Power and TA in the 'BSSMAP-LE Connection Oriented Information (U-TDOA Response)' message to the SMLC. Conditionally the BSC also provides the Frequency List, Encryption Key (Kc) and the version of the A5 encryption algorithm (A5/x) to be used.  The SMLC uses this information to configure the LMUs. The BSC starts the delta timer.

3.
The SMLC configures the LMUs by specifying the Radio Frequency List, Hopping Sequence Information, BSIC and the time at which the LMUs shall start capturing the RF energy on the dedicated resource described in (2).

Positioning Establishment:
4.
The MS sends bursts to the BTS. On the SDCCH, when no data is available for transmission, LAPDm (L2) fill frames are transmitted (see 45.008 Par. 8.3). The configured LMUs measuring the Time of Arrival of the bursts.

5.
The LMUs forward the U-TDOA measurement results to the SMLC.  The SMLC calculates the MS position and constructs the BSSMAP-LE Perform Location Response message. 

NOTE 1:
The BSC starts the delta timer when the physical channel information is sent to the SMLC in (2). The purpose of this timer is to allow enough time for the SMLC to initialise and configure all the LMUs for the U-TDOA measurement and the measurement itself. This timer value should be long enough for this task and take the quality of service for the location estimation into account. The primary function of the delta timer is to protect against SMLC related failures and air interface failures that occur during the duration of the location determination process.

NOTE 2:
After a radio channel is allocated to the MS to be positioned, the MS starts sending measurement reports to the serving BTS on the SACCH. Based on these measurement reports the BSC will order handovers when necessary. If a radio related handover is necessary and occurs between message 2 and 4, the information previously sent to the LMUs is invalid and the positioning will fail. After the channel description has been sent to the SMLC (message 2), the BSC shall cancel the ongoing positioning if a radio related handover has been requested.  After the delta timer has expired, radio related handovers could take place.

9.5.1.3
Unsuccessful U-TDOA positioning procedure
There are three messages defined to handle error scenarios during positioning procedure in BSC. The messages are 1) Reject, 2) Abort and 3) Reset. Please refer to GSM 48.071 for details.
Case 1. U-TDOA Request received during ongoing RR management procedure or handover
After receiving the BSSLAP U-TDOA Request in BSC, a Reject will be sent with proper cause value from the BSC to the SMLC in a "BSSMAP Connection Oriented Information" message if the U-TDOA positioning cannot be performed in the BSC at that time for reasons other than handover or another ongoing RR management procedure. For an ongoing intra-BSC handover or another RR management procedure the BSC shall return a BSSLAP “Reset” when the HO or the RR management procedure is completed. The SMLC can then reinitiate the U-TDOA request. For an ongoing inter-BSC HO the BSC shall return a BSSLAP “Abort”. The requesting location service can than restart from the core network.

Case 2. Handover initiated during U-TDOA location determination
After message 2 has been sent to the SMLC, an Abort or Reset is possible if the U-TDOA positioning cannot be done in the BSC at that time. A Reset is sent to the SMLC to indicate that the position can be restarted after the temporary interruption due to an inter-cell HO, intra BSC HO or other intra-BSC RR management procedure. The Abort is sent if an inter-BSC HO is performed. 

Case 3. Radio contact to MS lost while the delta timer is running
If radio contact to the MS is lost before the delta timer expires, an Abort shall be sent to the SMLC. The Abort is used to indicate to the SMLC a failure of the current U-TDOA positioning attempt and allowing a new one from the external application.
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Figure 37: 
Unsuccessful U-TDOA positioning procedure on the SDCCH
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