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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 utilized 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 signaling capabilities of the GERAN.

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

4.1
Assumptions

-
SMLC is either an integrated functionality in BSS or a standalone network element within GERAN. 

-
LMU is either an integrated functionality in BTS (Type B LMU) or a standalone network element (Type A LMU) where communication is over the Um interface.

4.2
Standard LCS Methods

4.2.1
Timing Advance

The TA is based on the existing Timing Advance (TA) parameter. The TA value is known for the serving BTS. To obtain TA values in case the MS is in idle mode a special procedure, not noticed by the GSM subscriber (no ringing tone), is set up. The cell-ID of the serving cell and the TA is returned as the result of the TA.

TA may be used to assist all positioning mechanisms. 

4.2.2
Uplink Time Difference of Arrival (U-TDOA) positioning mechanism

The U-TDOA positioning method is based on measuring the Time of Arrival (TOA) of a known signal sent from the mobile and received at three or more LMUs. The known signal is either the access bursts generated by having the mobile perform an asynchronous handover or the normal bursts generated by a mobile while in dedicated mode. The method requires LMUs in the network in the geographical 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.

4.2.3
Enhanced Observed Time Difference (E-OTD) positioning mechanism
The E-OTD method is based on measurements in the MS of the Enhanced Observed Time Difference of arrival of bursts of nearby pairs of BTSs. For E-OTD measurement synchronization, normal and dummy bursts are used. When the transmission frames of BTSs are not synchronized, the network needs to measure the Real or Absolute Time Differences (RTDs or ATDs) between them. To obtain accurate trilateration, E-OTD measurements and, for non‑synchronized BTSs, RTD or ATD measurements are needed for at least three distinct pairs of geographically dispersed BTSs. Based on the measured E-OTD values the location of MS can be calculated either in the network or in the MS itself, if all the needed information is available in MS.

4.2.4
Global Positioning System (GPS) positioning mechanism
The Global Positioning System (GPS) method refers to any of several variants that make use of GPS signals or additional signals derived from GPS signals in order to calculate MS position.  These variants give rise to a range of optional information flows between the MS and the network. One dimension of variation is where position calculation is performed at: a) MS-based PCF or b) network-based PCF. Another dimension is whether "assistance data" is required - irrespective of where position calculation is performed. Examples of assistance data include differential GPS data; lists of satellites in view based on approximate MS position, etc. A third dimension of variation is closely related to the preceding, namely, the origin and distribution of any assistance data.  For example, even while assistance data may be required of a GPS method, it may be optional that the assistance data originates from and is distributed within and by the PLMN, VPLMN, etc.
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7.3.1
SCCP Connection for positioning of a target MS using E-OTD / GPS positioning method
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. Signalling between the SMLC and target MS is then relayed by the BSC between this SCCP connection and the main signalling link to the MS. The same SCCP connection is also used to transfer BSSLAP messages between the SMLC and serving BSC. See Figure 14.
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Figure 14: SCCP based signalling for MS positioning with an SMLC in CS domain using E-OTD / GPS positioning method

7.3.2
SCCP Connection for positioning of a target MS using TA / U-TDOA positioning method

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. The same SCCP connection is also used to transfer BSSLAP messages between the SMLC and serving BSC. See Figure 14a.
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Figure 14a: SCCP based signalling for MS positioning with an SMLC in CS domain using TA / U-TDOA positioning method
7.3.3
SCCP connection to access a Type A LMU

The BSC or SMLC establishes this connection to enable LCS messages to be transferred to or from a Type A LMU. The BSC or SMLC sends a BSSAP-LE LMU Connection Request message inside an SCCP Connection Request message. Signalling is subsequently relayed through the BSC using this SCCP connection as shown in figure 15.
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Figure 15: SCCP based signalling to access a Type A LMU with an SMLC
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8.1
Information Transfer between an SMLC and a Target MS for E-OTD / GPS positioning method 

The procedures described in this clause are used by the SMLC in order to obtain the MS position or positioning measurements from a target MS or to transfer location assistance information to a target MS. These procedures are only applicable to the E-OTD and the GPS positioning method. For the Timing Advance (TA) and the U-TDOA positioning method no direct data exchange between the SMLC and the MS is necessary and thus this methods are support by all MS.
8.1.1
Information Transfer between an SMLC and a Target MS in the CS Domain in A/Gb mode

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 MS in 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.
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Figure 16: Information Transfer between an SMLC and a Target MS in CS domain

1)
The SMLC passes a BSSAP-LE Connection Oriented Information message to the serving BSC containing an embedded BSSLAP MS Position Command with an RRLP message parameter. The message is transferred using the SCCP connection established between the SMLC and BSC for positioning the target MS  If the BSSLAP message is too large to fit in a single BSSAP-LE Connection Oriented Information message, RRLP pseudo‑segmentation shall be used.  Legacy SMLC may utilize BSSAP-LE layer segmentation instead of RRLP pseudo-segmentation. The SMLC shall indicate in the first BSSLAP MS Position Command whether the embedded RRLP message contains a positioning command versus positioning assistance data.

2)
The BSC transfers the embedded RRLP message to the target MS inside an RR Application Information message. No later than when the RR Application Information message has been transferred, the BSC shall start a positioning supervision timer if none is already in progress or restart this if already in progress. If the timer expires before the final response in step 3 is received, the BSC shall return a BSSAP-LE Connection oriented Information message to the SMLC containing a BSSLAP Abort with a cause of BSC timeout.

3)
When the target MS has positioning information to return to the SMLC, it sends an RR Application Information message to the BSC containing an embedded RRLP message. If the RRLP message is too large to fit in a single RR Application Information message, RRLP pseudo-segmentation shall be used. Legacy MS may utilize RR layer segmentation instead of RRLP pseudo-segmentation. . The last RR Application Information message shall indicate if this is the final response from the MS.

4)
If the timer started in step 2 has already expired, the BSC discards the RRLP message received in step 3. Otherwise, the BSC forwards the RRLP message to the SMLC inside a BSSLAP MS Positioning Response message contained in a BSSAP-LE Connection Oriented Information message. If the SMLC indicated a positioning command in step 1 and the MS has indicated a final response, the BSC may add additional measurement information to the BSSLAP MS Position Response in the last BSSAP-LE message – if necessary, creating a new BSSAP-LE message if message size limitations would be exceeded. The BSC shall stop the supervision timer started in step 2 when the final segment of the final response from the MS has been transferred. If the MS did not indicate a final response in step 3, the SMLC may transfer a further RRLP message to the MS (e.g. containing assistance data) according to steps 1 and 2 and the MS may return a subsequent response according to steps 3 and 4.

8.1.2
Information Transfer between an SMLC and a Target MS in the PS Domain in A/Gb mode

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 MS in the PS domain after a request has been received from the BSS serving the target MS.
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Figure 16a: Information Transfer between an SMLC and a Target MS in PS Domain

1) The SMLC passes a BSSAP-LE Connection Oriented Information message to the serving BSS containing an embedded BSSLAP MS Position Command with an RRLP message parameter. The message is transferred using the SCCP connection established between the SMLC and BSS for positioning the target MS. If the RRLP message is larger than the RRLP maximum PDU size, RRLP pseudo-segmentation shall be used. The SMLC shall indicate in the positioning command bit in the RRLP flags IE in the BSSLAP MS Position Command whether the embedded RRLP message contains a positioning command versus a non-command – e.g. positioning assistance data.

2) The BSS relays the embedded RRLP message and the RRLP flags IE to the SGSN inside a BSSGP Position Command message. When the BSSGP Position Command message has been transferred, the BSS shall start a positioning supervision timer if not already in progress or restart if the timer is already in progress. If the timer expires before the final response in step 5 is received, the BSS shall return a BSSAP-LE Connection Oriented Information message to the SMLC containing a BSSLAP Abort with a cause of BSS timeout.

3) The SGSN receives the RRLP message in the BSSGP Position Command message and relays it to the MS in an LLC UI frame. The TOM protocol with SAPI TOM8 is used for transfer of RRLP messages. The positioning command bit from the RRLP flags IE in the BSSGP message is also relayed using the C/R bit in the TOM header (see 3GPP TS 44.031 [15]). The received C/R bit may be ignored by the MS or used for implementation purposes.

4) When the target MS has positioning information to return to the SMLC, it sends an LLC UI Frame to the SGSN containing an embedded RRLP message. The TOM protocol is used for transfer of RRLP messages. If the RRLP message is larger than the RRLP maximum PDU size, RRLP pseudo-segmentation shall be used. If the RRLP pseudo-segmentation is used, the MS shall send several RRLP messages. In each message the MS shall indicate in the C/R bit in the TOM protocol header whether it is the final response or not. The final response shall be the last RRLP message that the MS expects to send in response to RRLP messages received so far from the SMLC. In the final message the MS shall indicate that it is the final response by setting the appropriate RRLP flag.

5) The SGSN relays the RRLP message to the BSS. The RRLP message is sent in a BSSG Position Response message. The C/R bit from the TOM header is relayed using the final response bit in the RRLP flags IE in the BSSGP message.

6) If the timer started in step 2 has already expired, the BSS discards the RRLP message received in step 5. Otherwise, the BSS relays the RRLP message and the RRLP flags IE to the SMLC inside a BSSLAP MS Positioning Response message contained in a BSSAP-LE Connection Oriented Information message. If the SMLC indicated a positioning command in the most recent message to be transferred in step 1 and the MS has indicated a final response, the BSS may add additional measurement information to the BSSLAP MS Position Response in the last BSSAP-LE message. The BSS shall stop the supervision timer started in step 2 when the final response from the MS has been transferred. The SMLC may transfer a further RRLP message to the MS (e.g. containing assistance data or a positioning command) according to steps 1, 2, and 3 and the MS may return a subsequent response according to steps 4, 5, and 6. Steps 4-6 are repeated if the RRLP pseudo-segmentation is used for the uplink message.

8.1.3
Information Transfer between an SMLC and a Target MS in Iu Mode

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 MS 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 44.118.
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9.4
U-TDOA Positioning in CS Domain for A/Gb-mode

The U-TDOA location method requires the capture of RF energy by the LMU that can be unambiguously associated with a particular MS. This requires (a) that the MS is transmitting in the uplink direction, and (b) the SMLC has knowledge of the allocated resources for the target MS.
 If an SDCCH is activated in the MS, the channel description included in the U-TDOA response includes the description of an SDCCH and therefore either method described in 9.4.1.1 or in 9.4.1.2 is used. If a TCH is connected in the MS, the channel description included in the U-TDOA response includes the description of this TCH and the method described in 9.4.2 shall be used.
9.4.1
U-TDOA Positioning Procedure for a MS with activated SDCCH

The procedures described in this subchapter are applicable to a MS with an activated SDCCH. The decision which method shall be used (“false” Handover or SDCCH) is done by the BSC. Which of the two methods shall be applied is signalled by the BSC in the U-TDOA response message. If the “false” HO method shall be used the HO Reference is included in the U-TDOA Response message (48.071 Par. 2.2.4) otherwise the Handover Reference IE shall be omitted. 
9.4.1.1
U-TDOA Positioning Procedure using “false” Handover

In order to perform a location estimation of a MS that is in dedicated mode the dedicated resource of the MS has to be known by the LMUs. The MS is ordered to perform an intra-cell handover (see 44.018) and the SMLC is informed about the channel parameters to be used by the MS. The LMUs measure the time of arrival of the access bursts transmitted by the MS as response to the handover command.



 Figure 30: U-TDOA Positioning Procedure using “false” handover in the CS Domain

1.
The BSC receives a 'BSSMAP-LE Connection Oriented Information (U-TDOA Request)' message from the SMLC. The message also contains the cell ID (CI) of the serving cell and the TDMA frame number of the first Handover Access message to be sent by the MS (Starting Time; as calculated by the SMLC based on the current TDMA-frame in the serving cell (measured by the LMU)). The delta timer is included in the message but will not be used for this method.

 2.
The BSC specifies the physical channel information (frequencies, hopping sequence, channel type, time slot for access burst etc.), TA and handover reference number (indicates “false” HO procedure) in the 'BSSMAP-LE Connection Oriented Information (U-TDOA Response)' message to the SMLC. The SMLC uses this information to configure the LMUs. 

3.
The SMLC configures the LMU(s) by specifying the Radio Frequency List, Hopping Sequence Information, HO reference number, BSIC and the TDMA frame number of the first Handover Access message to be sent by the MS (Starting Time). The LMUs are configured to acquire the indicated MS bursts.

Positioning Establishment:
4.
The mobile is instructed to perform a non-synchronized handover from the current radio channel (SDCCH) to a specified traffic channel using the HANDOVER COMMAND message. The TDMA frame number at which the ACCESS bursts will begin is specified (Starting Time). The inter-cell handover command can specify a traffic channel or a SDCCH on the same ARFCN or a different ARFCN of that cell.

5.
The MS starts sending the access burst in the HANDOVER ACCESS message. At the same time, the configured LMUs shall measure the Time of Arrival of these access bursts.

6.
The MS continues to send the access bursts until the timer T3124 expires. The MS then returns to the previous channel (may be the same channel).

7.
The MS sends the HANDOVER FAILURE message to the BSC. 

8.
The measurement results shall be forwarded to the SMLC.

NOTE:
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. The BSC shall never allow any radio-related handover to another channel than the one described in message 2 during steps 4 to 7.
9.4.1.1.1
Unsuccessful U-TDOA positioning procedure using “false” HO

There are three messages defined to handle error scenarios during positioning procedure in the 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


Between messages 2 and 4, an Abort or Reset is possible if the U-TDOA positioning cannot be done by the BSC at that time. The Reset is sent to the SMLC to indicate when the positioning needs to be restarted after a temporary interruption due to an inter-cell HO, intra BSC HO or other intra-BSC RR management procedure. Abort is sent if an inter-BSC HO is performed. 

Case 3. MS originated ‘Handover Failure’ message not received by BSC


If the Handover Failure is not received before the T3103 (see 44.018 for details) expires, Abort shall be sent from the BSC to the SMLC. Abort is used to indicate to the SMLC of the failure of the current U-TDOA positioning attempt and allowing a new one to be originated from the application level.

[image: image6.wmf] 

SMLC

 

BSC

 

MS

 

BSSLAP 

 

U

-

TDOA Request

 

Case 2:

 

ongoing HO Procedure

 

BSSLAP 

 

 BSSLAP 

 

BSSLAP

 

Reject 

 

Abort

 

Reset

 

(if o

ngoing inter

-

BSC HO)

 

(if successful intra

-

BSC HO)

 

BSSLAP 

 

BSSLAP

 

Abort

 

Reset

 

 ( if inter

-

BSC HO)

 

 (if intra

-

BSC HO)

 

Case 1:

 

BSSLAP 

 

U

-

TDOA Response

 

Case 3:

 

Handover Command

 

BSSLAP 

 

U

-

TDOA Request

 

T3103

 

BSSLAP 

 

Abort

 

BSSLAP 

 

U

-

TDOA Respon

se

 

Handover Command (”false” Handover)

 

BSSLAP 

 

U

-

TDOA Request

 

x T3103 expired

 

Handover Failure

 

X

 


Figure 31: 
Unsuccessful U-TDOA positioning procedure using “false” HO
9.4.1.2
U-TDOA Positioning Procedure on the SDCCH
Before requesting the location of an MS the VMSC establishes a dedicated radio resource connection to the MS. This connection shall be established on the SDCCH. For the U-TDOA Positioning procedure on the SDCCH the LMUs measure the time of arrival of the normal bursts transmitted by the MS according to the DTX rules specified in 45.008 Par. 8.3 on this already established dedicated channel. 
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Figure 32: 
U-TDOA Positioning Procedure on the SDCCH
1.
BSC receives a 'BSSMAP-LE Connection Oriented Information (U-TDOA Request)' message, which contains the BSC delta timer from the SMLC. The message also contains the cell ID (CI) of the serving cell and the TDMA frame number of the first burst to be captured by the LMU on the dedicated resource which is defined in 2. The Starting Time is calculated by the SMLC based on the current TDMA-frame in the serving cell (measured by the LMU) plus the time needed to configure the LMUs for U-TDOA measurement.

2.
The BSC specifies the physical channel information (frequencies, hopping sequence, channel type, time slot, sub-channel number, etc.) and TA in the 'BSSMAP-LE Connection Oriented Information (U-TDOA Response)' message to the SMLC. The HO Reference IE is not included in the message, which indicates that the U-TDOA procedure will occur on the SDCCH. 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 TDMA frame at which the LMUs shall start capturing the RF energy on the dedicated resource defined in message 2 (Starting Time). The LMUs are configured for normal burst reception rather than access burst reception.

Positioning Establishment:
4.
Before the starting time, the mobile can conditionally be instructed to change the SDCCH configuration. The SDCCH configuration of the “new” channel shall be the one signalled to the SMLC in 2. The network has the responsibility of using the dedicated channel specified in message 2 at starting time.

5.
The MS sends L2 frames to the BTS. If no data is available for transmission, the L2 fill frames are transmitted (see 45.008 Par. 8.3). The configured LMUs start measuring the Time of Arrival of the normal bursts at the starting time.

6.
The LMUs forwards the U-TDOA measurement result to the SMLC.

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. Note that the duration of the delta timer is also included for the “false” HO procedure but the timer is not used.

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.
9.4.1.2.1
Unsuccessful U-TDOA positioning procedure on the SDCCH

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. MS originated ‘Assignment Complete’ message not received by BSC


If the Assignment Complete message is not received before the starting time, the Abort shall be sent from the BSC to the SMLC. The Abort is used to indicate to the SMLC a failure of the current U-TDOA positioning attempt.

Case 4. Radio contact lost after reception of valid ‘Assignment Complete’ message


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 application level.
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Figure 33: 
Unsuccessful U-TDOA positioning procedure on the SDCCH

9.4.2
U-TDOA Positioning Procedure for a MS with connected TCH

For a MS with an ongoing data or speech transfer the energy of the burst on the dedicated TCH is used for U-TDOA measurement. The BSC indicates that a dedicated TCH shall be used for location purposes by including the channel description of the TCH in the U-TDOA response message. 
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Figure 34: 
U-TDOA Positioning Procedure for a MS with connected TCH

1.
The BSC receives a 'BSSMAP-LE Connection Oriented Information (U-TDOA Request)' message, which contains the BSC delta timer from the SMLC. The message also contains the cell ID (CI) of the serving cell and the TDMA frame number of the first burst to be captured by the LMU on the dedicated resource which is defined in 2. The Starting Time is calculated by the SMLC based on the current TDMA-frame in the serving cell (measured by the LMU) and the time needed to configure the LMUs for U-TDOA measurement.

2.
The BSC specifies the physical channel information (frequencies, hopping sequence, channel type, time slot, sub-channel number, etc.) and TA in the 'BSSMAP-LE Connection Oriented Information (U-TDOA Response)' message to the SMLC. The channel specified is a TCH, indicating to the SMLC that the U-TDOA procedure shall be applied to that TCH. The SMLC uses this information to configure the LMUs. The BSC also starts the delta timer.

3.
The SMLC configures the LMU(s) by specifying the Radio Frequency List, Hopping Sequence Information, BSIC and the TDMA frame when the LMUs shall start capturing the RF energy on the dedicated resource defined in message 2 (Starting Time). The LMUs are configured for normal burst reception rather than access burst reception.

Positioning Establishment:
4.
The MS sends L2 frames to the BTS according to the DTX rules specified in 45.008 Par. 8.3. The configured LMUs start measuring the Time of Arrival of the normal bursts at the starting time.

5.
The LMUs forward the U-TDOA measurement results to the SMLC.

NOTE 1:
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 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. Note that the duration of the delta timer is also included for the “false” HO procedure but the timer is not used!

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.
9.4.2.1
Unsuccessful U-TDOA positioning procedure in BSC.

There are three messages defined to handle error scenarios during positioning procedure in the 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 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

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 application level.
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Figure 35: 
Unsuccessful U-TDOA positioning procedure in BSC

<<Last Changed Section>>

9.5
E-OTD and GPS Positioning Procedures 

9.5.1
General procedures

For any location request where the highest priority level is assigned and MS-based GPS positioning is not used, the SMLC functionality shall provide sufficient assistance data to a target MS to enable a location estimate or location measurements to succeed according to the required QoS on the first attempt. The SMLC shall not assume in this case that the target MS already possesses assistance data. For a lower priority location request or when MS-based GPS positioning is used, the SMLC may reduce the assistance data provided to a target MS on the first location attempt.

In the high priority case with MS-assisted GPS for the first positioning attempt, acquisition assistance data shall be included in the RRLP measure position request message.

9.5.2
Positioning Request

This signaling flow is generic for all MS based or assisted location methods (MS Based E-OTD, MS Assisted E-OTD, MS Based GPS, and MS Assisted GPS). The signaling flow below applies to integrated and standalone SMLCs in a circuit switched network. 

If the SMLC desires to avoid lower layer (e.g. BSSAP-LE) segmentation, see clause 6.1.2, and transfer the LCS assistance data more reliably, this procedure may be preceded by an "Assistance Data Delivery" procedure. Note, that part of the entire set of assistance data may be included in the RRLP Measure Position Request even when the message is preceded by an  "Assistance Data Delivery" procedure.
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Figure 36: E-OTD or GPS Position Request Flow

1)
The SMLC may precede the RRLP MEASURE POSITION REQUEST with an optional Assistance Data Delivery procedure. 

2)
The SMLC determines possible assistance data and sends RRLP MEASURE POSITION REQUEST to the BSC. 

3)
The BSC forwards the positioning request including the QoS and any assistance data to the MS in a RRLP MEASURE POSITION REQUEST.

4)
The MS performs the requested E-OTD or GPS measurements, if needed assistance data is available in the MS. If the MS is able to calculate its own location and this is required and needed assistance data is available in MS, the MS computes a location estimate based on E-OTD or GPS measurements. In case of E-OTD, any data necessary to perform these operations will either be provided in the RRLP MEASURE POSITION REQUEST or available from broadcast sources. In case of Assisted GPS (both MS based GPS and MS assisted GPS) and first positioning attempt, a minimum set of GPS assistance data will be either provided in the RRLP MEASURE POSITION REQUEST or available from broadcast sources. For further positioning attempt (failure in first attempt due to missing assistance data), sufficient GPS assistance data, possibly excluding the assistance data sent in the first attempt, will be provided in the RRLP MEASURE POSITION REQUEST and possibly preceding RRLP ASSISTANCE DATA messages. The resulting E-OTD or GPS measurements or E-OTD or GPS location estimate are returned to the BSC in a RRLP MEASURE POSITION RESPONSE. If the MS was unable to perform the necessary measurements, or compute a location, a failure indication identifying the reason for failure (e.g. missing assistance data) is returned instead. If the RRLP message is larger than the RRLP maximum PDU size, several RRLP MEASURE POSITION RESPONSE messages are sent (i.e. the RRLP pseudo-segmentation is used).

5)
BSC forwards the RRLP MEASURE POSITION response to SMLC.

9.5.3
Assistance Data Delivery

This signaling flow is generic for all MS based location methods (MS Based and Assisted E-OTD, and MS Based or MS Assisted GPS) in a circuit switched network.

If the SMLC desires to avoid lower layer (e.g. BSSAP-LE) segmentation and transfer the LCS assistance data more reliably, the sequence 1-4 illustrated in the figure below may be repeated several times to deliver more assistance data than can be sent by one RRLP Assistance Data Delivery message. In this case, each individual message is independent such that the data received in one message is stored in the MS independently of the other RRLP Assistance Data messages (i.e. an error of delivery of one message does not require a retransmission of all the RRLP Assistance Data messages). The SMLC shall indicate in the RRLP ASSISTANCE DATA message if more RRLP ASSISTANCE DATA messages will be used after the current one in order to deliver the entire set of assistance data. Data that is specific to the current cell should be sent in the last message this is recommended so that assistance data for the correct cell is available to the MS after a handover.
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Figure 37: E-OTD or GPS Assistance Data Delivery Flow 

1)
The SMLC determines assistance data and sends it in the RRLP ASSISTANCE DATA message to the BSC. 
2)
The BSC forwards the assistance data to the MS in a RRLP ASSISTANCE DATA message.

3)
The MS acknowledges the reception of complete assistance data to the BSC with a RRLP ASSISTANCE DATA Ack. 

4)
The BSC forwards the RRLP ASSISTANCE DATA Ack message to the SMLC.

9.5.4
Error Handling for E-OTD and GPS in CS Domain

This clause describes error handling for positioning and transfer of assistance data for E-OTD and GPS. For a description of error handling involving segmentation, and more details on usage of a BSSLAP Abort, Reject and Reset refer to clause 8.5 Exception Procedures.

Case 1:
When the RRLP request comes to BSC for E-OTD and GPS, The BSC will send a BSSLAP reject message to SMLC if the request cannot be supported in the BSC for reasons other than an ongoing intra BSC or inter BSC handover or other ongoing RR management procedure. For an ongoing intra BSC HO or other RR management procedure, the BSC shall return a BSSLAP Reset when the handover or RR management procedure is complete. The SMLC may then start the RRLP request (if there is time) again. For ongoing inter-BSC HO, the BSC shall return a BSSLAP Abort. The location service request may then restart from the LCS Client, VMSC or SGSN.

Case 2:
When the RRLP request comes to BSC from SMLC, BSC sends the "RRLP request" to the MS if there is no ongoing HO or other RR management procedure at that point. If an intra-BSC HO or other RR management procedure is initiated in BSC, the BSC sends the HO or other RR management command to MS. A timer will then be started in BSC, the duration of which is network dependent, but typically 6 (six) seconds. Upon receiving the HO of other RR management command, the MS will stop the location procedure and start on handover or other RR management procedure, since this has higher priority than location. The MS will then send the HO complete or other RR management response message to BSC. When this message is received before the expiration of BSC timer, a BSSLAP Reset message will be sent to SMLC from BSC. The Reset will tell SMLC to start another location service request if there is enough time.

Case 3:
During intra-BSC HO or other intra-BSC RR management procedure, if a HO complete or RR management procedure completion was not received in BSC and the corresponding timer expired. In this case a reset or abort message will be sent to SMLC indicating MS timeout. The location service may then restart from either the SMLC if a reset was sent or from the LCS Client, VMSC or SGSN if an abort was sent.

Case 4:
If an inter-BSC handover is needed during a location procedure or if the BSC times out on an RRLP response from the target MS, the BSC shall send a BSSLAP Abort to the SMLC. The location service attempt may then be restarted from the LCS Client, VMSC, or SGSN.
9.5.5
Error Handling for the SMLC in CS Domain

[image: image13.wmf]M

S

B

S

C

2

’

.

 

R

R

L

P

 

R

e

q

u

e

s

t

S

M

L

C

1

.

 

R

R

L

P

 

R

e

q

u

e

s

t

3

.

 

H

O

 

C

o

m

m

a

n

d

4

.

 

H

O

 

C

o

m

p

l

e

t

e

I

n

t

r

a

-

B

S

C

 

H

a

n

d

o

v

e

r

 

I

n

i

t

i

a

t

e

d

,

 

T

3

1

0

3

 

s

t

a

r

t

e

d

 

X

5

.

 

R

e

s

e

t

 

(

C

a

s

e

 

2

)

H

a

n

d

o

v

e

r

 

a

t

t

e

m

p

t

 

c

o

m

p

l

e

t

e

d

X

 

T

3

1

0

3

 

E

x

p

i

r

e

d

,

 

H

O

 

c

o

m

p

l

e

t

e

 

n

o

t

 

r

e

c

e

i

v

e

d

OR

5

’

.

 

R

e

s

e

t

 

o

r

 

A

b

o

r

t

 

(

C

a

s

e

 

3

)

OR

OR

2

.

 

R

e

j

e

c

t

 

o

r

 

R

e

s

e

t

 

o

r

 

A

b

o

r

t

 

(

C

a

s

e

 

1

)

X

 

I

n

t

e

r

-

B

S

C

 

h

a

n

d

o

v

e

r

 

r

e

q

u

i

r

e

d

 

o

r

 

B

S

C

t

i

m

e

o

u

t

 

o

n

 

a

n

 

R

R

L

P

 

r

e

s

p

o

n

s

e

 

f

r

o

m

 

t

h

e

 

M

S

5

’

.

 

A

b

o

r

t

 

(

C

a

s

e

 

4

)

OR

OR


Figure 38: Error Handling for the SMLC in the CS Domain
9.5.5a
Error Handling for E-OTD and GPS in PS Domain

Case 1:
When the RRLP request comes to BSS for E-OTD and GPS, the BSS will send a BSSLAP reject message to SMLC if the request cannot be supported in the BSS.

Case 2:
When the RRLP request comes to BSS from SMLC, BSS sends the "RRLP request" to the MS via the SGSN and starts position supervision timer. After this, if the BSS determines that the current location procedure cannot be continued, the BSS sends an abort message to the SMLC. Notice that an MS reselection to a new cell is not a reason for the BSS to abort the procedure.

Case 3:
If the position supervision timer times out in BSS before the RRLP response from the target MS is received, the BSS shall send a BSSLAP Abort to the SMLC. The location service attempt may then be restarted from the LCS Client, VMSC, or SGSN.
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Figure 38a: Error Handling for the SMLC in PS domain
9.5.6
Broadcast of Assistance Data

In MS Based E-OTD, MS Based GPS and MS Assisted GPS systems, there may be a need for assistance data to be broadcast to the MS. The assistance data to be broadcast for MS Based E-OTD contains the Real Time Difference (RTD) values (in case of a non-synchronized network) and Base Transceiver Station (BTS) coordinates. In addition, the broadcast data contains other information simplifying the E-OTD measurements. The broadcast of GPS assistance data makes available reference time, reference location, differential GPS (DGPS) correction data, ephemeris and clock correction data, almanac data, UTC offset, ionospheric delay, and satellite health status for GPS-based positioning. It improves the location accuracy for MS Based implementations, increases the sensitivity, enables LMU-independent GPS time dissemination and assists the acquisition of satellite signal for both MS Based and MS Assisted implementations.

The CS mechanism (Cell Broadcast on CBCH) is used for broadcast of assistance data for all MSs, irrespective of which domain (CS or PS) they are located in. Notice that it may take longer for an MS in the PS domain compared to the CS domain to read all the broadcast data. This is because the PBCCH is not coordinated with the CBCH and therefore, the MS may have to skip reading a CBCH slot in order to listen for a potential paging message.

The E-OTD assistance data to be broadcast is in compressed format where the redundant information is not included. The MS is capable to reconstruct the E-OTD assistance data using the message header information. The length of the message is depending on how many neighbors are included in the E-OTD assistance data as well as whether the redundant information can be removed from the message. The typical size of one broadcast message will be less than 82 octets. Part of the broadcast message (serving and neighbor base station coordinates) may be ciphered.

The GPS assistance data to be broadcast is under the same common message header with three types of data sets (or IEs), which may have different broadcast rates to minimize the bandwidth impact while still maintaining the same positioning capabilities.  The first type consists of differential GPS (DGPS) correction data. The second type consists of ephemeris and clock correction data. The third type consists of almanac and other data. The length of this message is 82 octets and the data IE part may be ciphered.

The contents of the broadcast message for the E-OTD and GPS assistance data is described in 3GPP TS 44.035 [16]. The support for these broadcast messages is optional for network and MS.

The broadcast channel which is used to broadcast the E-OTD and GPS assistance data make use of the existing basic or extended CBCH and SMSCB DRX service. The LCS broadcast messages need to be either scheduled, or prioritized over other broadcast messages to avoid any delay.

95.6.1
Point-To-Multipoint Assistance Data Broadcast Flow

This signaling flow is generic for MS Based E-OTD, MS Based GPS and MS Assisted GPS methods. The E-OTD/GPS Assistance Data Broadcast Message is created in SMLC and the whole message including the ciphered parts and parameters to control the transfer are transferred with below flow from SMLC to MS.  SMSCB DRX service is used for LCS assistance data broadcast. Prior receiving the first schedule message MS should read first block of each message lot to be able to receive the LCS Broadcast Data or the schedule message. After receiving the schedule message MS should receive the LCS Broadcast Data messages according the schedule information.
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Figure 39: E-OTD/GPS Broadcast Data Flow
1)
SMLC sends the complete broadcast message to CBC with LCS Broadcast Data message. This LCS Broadcast Data message contains the data to be broadcasted as well as parameters that indicate to which BTS the broadcast message is targeted and what time the broadcast should happen. LCS Broadcast Data (data & parameters) message may also contain the SMSCB scheduling information which can be utilised for the SMSCB DRX feature specified in 3GPP TS 44.012 [13] specification. SMSCB DRX operation is required in order that MS performance can be optimised.

2)
CBC starts message transfer to BSC and BTS according to 3GPP TS 23.041 [6].

3)
LCS Broadcast Data Response message from CBC to SMLC is used to indicate that the LCS Broadcast Data has been delivery request has been fulfilled. This message is not mandatory

4)
BTS starts the message transfer to MS according to 3GPP TS 23.041 [6].

Implementations that have SMLC and/or CBC integrated into BSC may use other message signaling.

9.5.6.2
Ciphering

In order for the operators to control the access to the assistance data, parts of the broadcast data may be ciphered. Ciphering is done with a specific key delivered by the network for this purpose. The deciphering keys may be requested by the MS as described in 3GPP TS 23.271 [7]. The LCS Broadcast Data, when ciphered, will be partially ciphered according to the LCS broadcast message definitions specified in 3GPP TS 44.035 [16]. The parts that will be ciphered in E-OTD LCS Broadcast Data message are neighbor RTD values, serving and neighbor BTS coordinates. For GPS, all assistance data may be ciphered, The MS is capable to decipher the broadcast message (ciphered parts) using the cipher key (56 bits) delivered from the Core Network to MS and using the Ciphering Serial Number (16 bits) included in the broadcast message.

9.5.6.2.1
Algorithm

The algorithm used for ciphering is the standard 56-bit DES algorithm. The deciphering of broadcast messages is done in the MS.  SMLC ciphers the LCS Broadcast Data message (part of message is ciphered) using the deciphering keys (56 bits) and Ciphering Serial Number (16 bits) included in broadcast message using 56-bit DES algorithm.

The ciphered part is variable length with one bit resolution. From LCS Broadcast Data message header MS can compute what part of message is ciphered.

Inputs to the 56-bit DES algorithm are the following:

-
56-bit key K (deciphering key);

-
16-bit Ciphering Serial Number from broadcast  message which is denoted here by IV (initialisation vector);

-
plaintext bits (the ciphered part of broadcast message).

Encryption is done by producing a mask bit stream which is then added bit-by-bit to the plaintext data (XOR-operation) to obtain the cipher text data. First IV is concatenated with 0-bits in order to achieve a 64-bit block I1. This block is then encrypted by the DES algorithm using the key K. Output is a 64-bit block I2. This constitutes the first 64 bits of the mask bit stream. If the message is longer than 64 bits, then more bits are needed. Those are produced by encrypting I2 again by the DES algorithm using the key K. Output is a 64-bit block I3. This constitutes the next 64 bits of the mask bit stream. This iteration is continued until enough bits are produced. The unnecessary bits from the last 64-bit block Ij are discarded. Below figure describes the first two mask bit generations and the two ciphered 64-bit blocks.
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Figure 40: Ciphering Algorithm
Decryption is done similarly. The same mask bit stream is produced. This time the mask stream bits are added bit-by-bit (XORed) to the ciphertext data bits. The result will be the plain text data.

9.5.6.3
Deciphering key control and delivery to MS

The deciphering keys are needed in MS if the LCS Broadcast Data (ciphered parts) is ciphered. The deciphering keys' control system contains two keys (the Current Deciphering Key and the Next Deciphering Key) and the Ciphering Key Flag (indicating the current Ciphering Key Flag state in the location area in the time that the deciphering key set is delivered from SMLC to MS). Two Deciphering Keys are needed in order to overcome the problem of unsynchronized nature of the periodic location updates that MSs make in the location area. The SMLC controls the keys and there are following requirements related to the deciphering keys:

-
Deciphering Key Set (Current and Next Deciphering Key, Ciphering Key Flag) are always location area specific.

-
One SMLC controls the deciphering key set changes inside the location area and in case several SMLCs in the location area then one coordinating SMLC for the deciphering key set control must be nominated. The SMLC configuration is done with O&M procedures.

-
The coordinating SMLC delivers the new deciphering key set to the other SMLCs with SMLCPP protocol when the deciphering key set changes. The Ciphering Key Flag in the LCS Broadcast Data message is changed only when the coordinating SMLC changes the deciphering key set and delivers the new set to other SMLCs in the same location area.

-
The SMLCs upon receiving the new deciphering key set, start using immediately the new set in the LCS Broadcast Data message. The coordinating SMLC also starts using the new set same time.

The deciphering key set changes always following way when the new set is generated:

-
The Next Deciphering Key comes to the Current Deciphering Key in the new set.

-
One new key is taken into use and named as the Next Deciphering Key.

-
The Ciphering Key Flag changes the state.

The Ciphering Key Flag controls the MS key usage (Current/Next Deciphering Key) as follows:

-
After receiving the new deciphering key set, MS starts using the new set immediately.

-
The Ciphering Key Flag in the LCS Broadcast Data message and the one received returned to the MS should have same polarity. This means that MS starts using the Current Deciphering Key immediately.

-
When the Ciphering Key Flag state changes in the LCS Broadcast Data message then MS starts to use the Next Deciphering Key for deciphering the broadcast message. The Next Deciphering Key becomes now the Current Deciphering Key in MS.

Figure 41 describes the deciphering key delivery mechanism.
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Figure 41: Deciphering key delivery 
-
First the key A is the Current Deciphering Key and key B is the Next Deciphering Key.

-
When the SMLC changes to use the key B (Next Deciphering Key) then the Deciphering Key Flag state is changed in the LCS Broadcast Data message. At this point the coordinating SMLC delivers the new deciphering key set to other SMLCs in the same location area as well as to MS when MS is requesting the keys during the location update (IMSI Attach, Normal or Periodic Location Update).

-
The new deciphering key set contains now key B as the Current Deciphering Key, key C as new Next Deciphering Key and the Ciphering Key Flag currently in use in that location area.

-
When the SMLC changes to use the key C (Next Deciphering Key) then the Ciphering Key Flag state is changed in the LCS Broadcast Data message. At this point the coordinating SMLC delivers the new deciphering key set to other SMLCs in same location area as well as to MS when MS is requesting the new set during the location update (IMSI Attach, Normal or Periodic Location Update).

-
The new deciphering key set contains now key C as the Current Deciphering Key, key D as new Next Deciphering Key and the Ciphering Key Flag currently in use in that location area.

The process continues as above when the keys are changed. The lifetime of one key (Current/Next Ciphering Key) is minimum one periodic location update period used in the location area.
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