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7.4.1
SCCP Connection for positioning of a target MS using E-OTD / GPS positioning method
The BSS establishes this connection when a request is received for a location estimate for a target MS in the PS domain. The BSS sends the BSSAP-LE Perform Location Request to the SMLC inside an SCCP Connection Request message. Signaling between the SMLC and target MS is then relayed by the BSS via the SGSN to the MS. The same SCCP connection is also used to transfer BSSLAP messages between the SMLC and serving BSS. See figure 15a below. 
RRLP Messages between the SMLC and the MS are carried in BSSGP Position Command/Response messages (see 3GPP TS 48.018) across the Gb interface and in TOM messages in LLC UI frames (see 3GPP TS 44.064 [26]) across the Um interface. Because a connectionless mode of communication is used to transport BSSGP and LLC, an MS identity is included in each message for those protocols.
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Figure 15a: SCCP based signalling for MS positioning with an SMLC in PS domain for E-OTD / GPS positioning method
7.4.2
SCCP Connection for positioning of a target MS using TA / U-TDOA positioning method
The BSS establishes this connection when a request is received for a location estimate for a target MS in the PS domain. The BSS sends the BSSAP-LE Perform Location Request to the SMLC inside an SCCP Connection Request message. The SCCP connection is also used to transfer BSSLAP messages between the SMLC and serving BSS. See figure 15b below. 
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Figure 15b: SCCP based signalling for MS positioning with an SMLC using TA / U-TDOA  in PS domain for TA / U-TDOA positioning method
<< Next modified section >>

8.1
Information Transfer between an SMLC and a Target MS (E-OTD / GPS positioning method only)
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 transfer location assistance information to a target. 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.
<< Next modified section >>

8.6
Procedures in the Target MS for E-OTD and GPS positioning method
A target MS shall terminate any positioning procedure or the transfer of RRLP positioning assistance data without sending any response to the SMLC if any RR message is received from the BSC that starts some other RR management procedure, including a new positioning procedure. The new RR procedure shall then be executed by the MS.

A target MS shall terminate any positioning procedure or the transfer of RRLP positioning assistance data without sending any response to the SMLC if a Routing Area Update Request message is sent to the SGSN or if a suspension request message is sent to the network or if its P-TMSI is reallocated.

<< Next modified section >>

9
Positioning procedures

The following clause describes the positioning procedures for Timing Advance, Uplink Time Difference of Arrival, Enhanced Observed Time Difference and Global Positioning System.

<< Next modified section >>

9.1.3
Core Network Position Procedure Initiation over the Gb interface

This procedure is used by the Core Network to start the positioning procedure in GERAN over the Gb interface.
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Figure 27a: Positioning Procedure Initiation Over Gb Interface

1) The SGSN sends the BSSGP Perform Location Request message to request the BSS to start the positioning procedure. The TLLI, IMSI, DRX Parameters, Current BVCI for the MS, Current NSEI for the MS, Location Type, Current Cell Identifier, and LCS Capability IEs are always included. The IMSI, DRX Parameters, Current BVCI for the MS, Current NSEI for the MS shall be stored in the SCCP signaling context towards the SMLC for potential use in a TA Request procedure or U-TDOA procedure later on. Depending on the type of location request, additional parameters may be included in the BSSGP Perform Location Request message to provide LCS Client Type, LCS Priority, LCS Quality of Service, and GPS Assistance Data.

2) The common positioning procedures for PS domain are executed (see clause 9.2a).

3) The BSS sends the BSSGP Perform Location Response message to the SGSN. The TLLI and the BVCI identifying the cell from which the last LLC PDU was received from the MS are always included. A location estimate, positioning data, deciphering keys, or LCS Cause may be included.

<< Next modified sections >>

9.4
U-TDOA Positioning Procedure 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 knowledge of the allocated resources for the target MS.
9.4.1
MS in Idle Mode



Figure ??: U-TDOA measurement flows for MS in Idle Mode
Positioning Preparations:
1.
BSC receives a 'BSSMAP-LE Connection Oriented Information (U-TDOA Command)' message from SMLC, which contains the BSC delta timer value and an indication of the preferred type of handover (intra-cell to same channel, intra-cell to new channel or inter-cell). The message also contains the cell ID and TDMA frame number of the serving cell, and depending on the preferred handover type, also contains the cell ID and TDMA frame number for candidate (maximum six) cells for positioning handover.

2.
The BSC specifies the physical channel information (frequencies, hopping sequence, channel type, time slot for access burst etc.), cell ID, TA, measurement report, MS output power, and handover reference number in the 'BSSMAP-LE Connection Oriented Information (U-TDOA Response)' message to the SMLC. The BSC also starts the delta timer. SMLC uses this information for the configuration of the LMUs

NOTE:
If the BSC selects to use a different channel, this channel is reserved internally within the BSC, i.e. no additional signaling or delay is required. Based on the request information from SMLC, the BSC can choose between requesting an intra-cell handover (to same channel or to a new channel) or an inter-cell handover. If BSC decides to make an inter-cell handover the BSC selects a neighbor cell based on the measurement reports received from the MS (only neighbors for which the MS has been able to decode BSIC are possible to specify since the MS needs to know the timing of the target base station).

3.
The SMLC configures the LMU(s) by specifying the Radio Frequency List, Hopping Sequence Information, HO reference number, BSIC, Starting Time, Measurement Options, Starting Time Uncertainty, GPS Time Stamping Request. 
Positioning Establishment:
4.
At expiration of the delta timer (note 1), the mobile is instructed to perform non-synchronized handover from the current radio channel (e.g. SDCCH or TCH) to a specified traffic channel with HANDOVER COMMAND message. A TDMA frame number at which the sending of ACCESS burst should begin is specified.

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

6.
The MS continues to send the access bursts until the timer T3124 expires when the MS returns to the old channel.

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

8.
The measurement results will be forwarded to the SMLC.
NOTE 1:
BSC starts the delta timer when received from the SMLC in (1). The purpose of this timer is to allow enough time for SMLC to initialize and configure all the LMUs for the TOA measurement. This timer value should be long enough for this task. When the BSC timer runs out, the BSC starts the handover process (step 4).

NOTE 2:
After a radio channel is allocated to the MS to be positioned, the MS starts sending measurement reports to the serving BTS. Based on these measurement reports the BSC would normally order handovers when considered necessary. If a radio related handover would take place between message 1 and 4, this would invalidate the information sent to the LMUs and positioning would fail. After the initialization of the delta timer in the BSC (step 2), the BSC shall cancel the ongoing positioning if a radio related handover has been requested. On the other hand, the BSC shall never allow any radio-related handover during steps 4 to 7.
9.4.1.1
Successful U-TDOA positioning procedure for idle MS in BSC

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 8.71 for details.

After receiving the BSSLAP U- TDOA Command in BSC, a Reject will be sent with proper cause value from BSC to SMLC in "BSSMAP Connection Oriented Information" if U-TDOA positioning cannot be performed in BSC at that time for reasons other than handover or another ongoing RR management procedure.

While the  delta timer in the BSC is running, an Abort or Reset is possible if the U-TDOA positioning can not be done in BSC during that time. 
Reset is sent to SMLC to indicate when the positioning needs to be restarted after temporary interruption due to an intra BSC HO or other intra-BSC RR management procedure. If the Handover Complete or Handover Failure is not received before the delta timer expires, Abort may be sent at the expiration of delta timer from BSC to SMLC. Abort is also used to indicate to SMLC the failure of the current U-TDOA positioning attempt (e.g. due to inter-BSC handover) and allowing a new one from application level.
9.4.2
MS in Dedicated Mode
The RF energy associated with normal circuit switched activity is sufficient to provide an U-TDOA location determination. For currently active MS, the BSS must send to the SMLC the RF resource assignment information and any subsequent Radio Resource management information.
Depending on the QoS requirement indicated in the BSSGP Perform Location Request message, it is necessary to capture 16-80 uplink bursts (normal bursts) (73,84ms-369,2ms). 



Figure ??: U-TDOA measurement flows for MS in Dedicated Mode 
Positioning Preparations:
1.
The BSC receives a 'BSSMAP-LE Connection Oriented Information (U-TDOA Command)' message from SMLC, which contains delta timer value and the capture counter value (80 to 16) which is dependent of the QoS requirement indicated in the BSSGP Perform Location Request.
2.
The BSC specifies the RF Resource Assignment  (frequencies, hopping sequence, channel type, time slot, etc.), in the 'BSSMAP-LE Connection Oriented Information (RF Resource Assignment)' message to the SMLC. The BSC starts the  delta timer. SMLC uses this information for the configuration of the LMUs. After the delta timer expired, the BSC decreases the capture counter value with every occurrence of the specified uplink TS.
3.
The SMLC configures the LMU(s).
Positioning Establishment:
4.
The LMU(s) start capturing the uplink burst on the allocated RF resource. For every uplink burst the capture counter is decreased. 
5.
If the capture counter value reaches zero, the LMU(s) send the location report to the SMLC.
NOTE 1:
BSC starts the delta timer when received from the SMLC in (1). The purpose of this timer is to allow enough time for SMLC to initialize and configure all the LMUs for the U-TDOA measurement. This timer value should be long enough for this task. The LMU(s) and the BSC shall start to decrement the capture counter simultaneously.
9.4.2.1
Successful U-TDOA positioning procedure for dedicated MS in BSC

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 8.71 for details.

After receiving the BSSLAP U- TDOA Command in BSC, a Reject will be sent with proper cause value from BSC to SMLC in "BSSMAP Connection Oriented Information" if U-TDOA positioning cannot be performed in BSC at that time for reasons other than handover or another ongoing RR management procedure.

While the positioning procedure is running (i.e. the delta timer in the BSC is running or the capture counter has not reached the value zero), an Abort or Reset is possible if the U-TDOA positioning can not be done in BSC during that time. 
Reset is sent to SMLC to indicate when the positioning needs to be restarted after temporary interruption due to an intra BSC HO or other intra-BSC RR management procedure. If the Handover Complete or Handover Failure is not received before the delta timer expires, Abort may be sent at the expiration of delta timer from BSC to SMLC. Abort is also used to indicate to the  SMLC the failure of the current U-TDOA positioning attempt (e.g. due to inter-BSC handover) and allowing a new one from application level.
9.4a
U-TDOA Positioning Procedure in PS 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 knowledge of the allocated resources for the target MS. This information is generated by the BSS. In order to implement U-TDOA location determination in GPRS it is necessary to transfer the RF resource assignment information to the SMLC directly from the BSS.
The U-TDOA procedure is initiated by the SMLC (U-TDOA request) and executed by the BSS. The BSS sends the RF resource assignment for the MS to the SMLC using BBSMAP-LE Connection Oriented Information. The SMLC forwards this information the LMUs which perform the necessary measurements and report them back to the SMLC. 
The Location of the MS is calculated by the SMLC based on the measurements performed by the LMUs.
9.4a.1
MS in Packet Idle Mode
For mobiles in Packet Idle Mode, a method using Timing Advance Polling is used  for U-TDOA location determination (see [28] and [35]). The TYPE_OF_ACK parameter in this message determines if the MS responds with an access or normal burst. The BSS should
 set the TYPE_OF_ACK parameter to normal burst if possible (if the MS has an valid TA value).  The continuous TA Procedure should
  be used.
Depending on the QoS requirement indicated in the BSSGP Perform Location Request message, it is necessary to repeat the Timing Advance Polling 4-20 times. 
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Figure 30: U-TDOA Positioning Procedure for a MS in Packet Idle Mode (PS Domain)
1) The SMLC sends a BSSAP-LE Connection Oriented Information message to the BSS serving a particular target MS. The APDU parameter in this message contains a BSSLAP U-TDOA Request.

2) The BSS establishes a DL TBF for the target MS. One single DL TS shall be assigned. The Downlink Assignment is either performed on PCCCH if available, or on CCCH if no PCCCH is available in the Cell.. 

2a)
In order to task the LMUs with the measurement, the SMLC needs to know at which time, on which TS and ARFCN the MS will transmit. The TS and the ARFCN information is included in the Downlink Assignment. Theses two parameters (TS, ARFCN) shall 
be  transferred to the SMLC in the RF Resource Assignment message. The time at which the MS will transmit is  derived from the RRBP field in the RLC/MAC Header of the Packet Polling Request message (see 4)). 
2b) This paragraph is only valid, if the Continuous TA Update procedure is not used for the DL TBF:
If the Continuous Timing Advance update procedure is not used and the MS has no valid TA value, the BSS shall poll the MS in the Downlink Assignment for a Packet Control Acknowledgment und update the TA value of the MS MS via the Packet Power Control /TA message.
3) The BSS polls the MS for Packet Control Acknowledgement. The TYPE_OF_ACK parameter  should
 be set to normal burst. If the MS has no valid TA value, the TYPE_OF_ACK parameter can also be set to access burst (see t.))
4) In order to task the LMUs with the measurement, the SMLC needs to know at which time the MS will transmit. The time is derived from the RRBP field included in the RLC/MAC header of the Packet Polling Request message. If frequency hopping is used on the PDCH, the ARFCN shall be included in every RF resource assignment message.
5) The SMLC configures the LMU(s) and LMU(s) start capturing the RF signal.
6) A Packet Control Acknowledge message is sent by the MS in the block specified by the RRBP field in the RLC/MAC header of the Packet Polling Request message.
7) The LMU(s) report the measurement to the SMLC.
t.)
This paragraph is only valid, if the Continuous TA Update procedure is not used for the DL TBF:

If the TA has to be updated while the U-TDOA Location Procedure is still running, the BSS shall set the TYPE_OF_ACK parameter in the Packet Polling Request to access burst and update the TA of the MS via the Packet Power Control /TA message. Also the RF access burst shall 
 be captured by the LMU(s). The Packet Polling Request used for TA derivation is an additional one (not element of the number of Packet Polling Requests requested by the QoS parameter within the Perform Location Request message).
x.)
After the requested number of repetitions of the polling procedure, the BSS releases the DL TBF. 
y.)
If the RRBP field within the RLC/MAC Header of the PACK_TBF_Release message is set, the MS responds with a Packet Control Acknowledge message (see [35] and [28]).
z.)
The BSS informs the SMLC that the requested number of Packet Polling Procedures is performed and the U-TDOA procedure is finished on BSS side. This information is carried to the SMLC via the BSSLAP U-TDOA complete contained within a BSSAP-LE Connection Oriented Information message.. The SMLC then derives a location estimate for the target MS based on the received measurement performed by the LMU(s).
9.4a.2
MS in Packet Transfer Mode
For a MS in the middle of an uplink data transfer, with enough remaining data to allow the appropriate U-TDOA setup time (approximately 250 mSec), no additional location-specific transmissions are required. In this case, the SMLC must receive the current and any subsequent PACK_UL_ASS messages associated with the ongoing uplink data transfer. In addition, the PCU must also inform the SMLC of the frame number of the first burst of an allocated uplink block. 
Depending on the QoS requirement indicated in the BSSGP Perform Location Request message, it is necessary to capture  4-20 uplink blocks.
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Figure 31: U-TDOA Positioning Procedure for a MS in Packet Transfer Mode (PS Domain)
1) The SMLC sends a BSSAP-LE Connection Oriented Information message to the BSS serving a particular target MS. The APDU parameter in this message contains a BSSLAP U-TDOA Request.
2) If there is an ongoing Uplink TBF, the BSS provides the MS Uplink Resource information to the SMLC. The parameters are the assigned ARFCN, the assigned Timeslot(s) and the MAC Mode (Dynamic Allocation / Extended Dynamic Allocation).

3) Every time the MS is assigned an USF, the BSS informs the SMLC about the frame number (FN) of the frame which will be used by the MS to transfer the first burst of the assigned uplink block. Also the USF Granularity Flag shall 
 be provided to the SMLC. If frequency hopping is used on the PDCH, the ARFCN shall be included in every Uplink  resource assignment message.
4) The SMLC configures the LMU(s) and LMU(s) start capturing the RF signal.

5) The MS sends an Uplink Data Block in the assigned radio block. If the USF Granularity Flag is set to “1”, the MS will transmit four data blocks.

6) The LMU(s) report the measurement to the SMLC.

z.)
The BSS informs the SMLC that the requested number of repetitions  is performed and the U-TDOA procedure is finished on BSS side. This information is carried to the SMLC via the BSSLAP U-TDOA complete contained within a BSSAP-LE Connection Oriented Information message.. The SMLC then derives a location estimate for the target MS based on the received measurement performed by the LMU(s).
9.4a.3
Unsuccessful U-TDOA positioning procedure in BSS

There are three messages defined to handle error scenarios during positioning procedure in BSS. The messages are 1) Reject, 2) Abort and 3)  Reset.  Refer to 3GPP TS 48.071 [21] for details. 

After receiving the  BSSLAP U-TDOA Request in BSS, a Reject will be sent with proper cause value from BSS to SMLC in "BSSAP-LE Connection Oriented Information Message” if U-TDOA positioning cannot be performed in BSS at that time.
Abort is used to indicate to SMLC the failure of the current U-TDOA positioning attempt (e.g. due to reception of an BSSGP_Perform_Location_Abort from the SGSN) and allowing a new one from application level.
Reset is sent to SMLC to indicate when the positioning needs to be restarted after temporary interruption due to release of the uplink TBF while the U-TDOA procedure is still running.  
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