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1
3GPP Work Area

	X
	Radio Access

	
	Core Network

	
	Services


2
Linked work items

This Work Item Request may require assignment of a new work item.

3
Justification

For the benefit of operators, subscribers and mobile network infrastructure vendors, this new work item proposes including uplink TDOA as a GSM/GPRS location method in the R5 specifications.  This request is in full alignment with the goal of considering only location methods that make clear business sense and may be superior to the already standardized location methods.  Uplink TDOA performs independently of handset LCS capability and when and where other methods do not.  Uplink TDOA fully supports LCS roaming functionality from  E-OTD and A-GPS environments and does not require network synchronization.

During the GERAN#6 meeting in Naantali, TruePosition presented a discussion paper on inclusion of uplink TOA in the 3GPP R5 specifications (GP-011597).  Based on feedback at this meeting, TruePosition was to present this uplink location method for the packet domain at the GERAN#7 meeting in Cancun.  The appended document (GP-011999) presents two possible solutions for uplink TDOA for GPRS.

4
Objective

The objective of this Work Item is to include Uplink TDOA as a location determination method for GSM/GPRS in the 3GPP Release 5 specifications.

5
Service Aspects


None

6
MMI-Aspects


None

7
Charging Aspects


None

8
Security Aspects


None

9
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	AN
	CN
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	X
	
	

	No
	X
	X
	
	X
	X

	Don't know
	
	
	
	
	


10
Expected Output and Time scale (to be updated at each plenary) 

	New specifications

	Spec No.
	Title
	Prime rsp. WG
	2ndary rsp. WG(s)
	Presented for endorsement at plenary#
	Approved at plenary#
	Comments

	43.059
	Functional Stage 2 Description of Location Services in GERAN 
	GERAN 
	GERAN WG2
	GERAN#7
	
	

	Affected existing specifications

	Spec No.
	CR
	Subject
	Approved at plenary#
	Com-ments

	23.271
	
	Functional Stage 2 description of location services in UMTS and GSM
	GERAN#8
	

	44.031
	
	Mobile Station (MS) - Serving Mobile Location Centre (SMLC) Radio Resource LCS Protocol (RRLP)
	GERAN#8
	

	44.071
	
	Mobile Radio Interface Layer 3 Location Services Spcification (LCS); Formats and Coding
	GERAN#9
	

	48.031
	
	Location Services (LCS); Serving Mobile Location Centre - Serving Mobile Location Centre (SMLC-SMLC) SMLCPP specification
	GERAN#9
	

	48.071
	
	Location Services (LCS); Serving Mobile Location Centre - Base Station Subsystem (SMLC-BSS) interface Layer 3 specification
	GERAN#9
	

	49.031
	
	Location Services (LCS); Base Station System Application Part LCS Extension (BSSAP-LE)
	GERAN#10
	

	48.016
	
	General Packet Radio Service (GPRS); Base Station System (BSS) - Serving GPRS Support

Node (SGSN) interface; Network Service
	GERAN#10
	

	48.018
	
	General Packet Radio Service (GPRS); Base Station System (BSS) - Serving GPRS Support

Node (SGSN) interface; BSS GPRS Protocol (BSSGP)
	GERAN#10
	

	44.064
	
	General Packet Radio Service (GPRS); Mobile Station - Serving GPRS Support Node (SGSN) interface (MS-SGSN) Logical Link Control (LLC) layer specification
	GERAN#11
	

	23.060
	
	General Packet Radio Service (GPRS); Service Description; Stage 2
	GERAN#11
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	Feature (go to 14a)

	X
	Building Block (go to 14b)

	
	Work Task (go to 14c)


14a
The WI is a Feature: List of building blocks under this feature

N/A

14b
The WI is a Building Block: parent Feature 

MS Location Determination

14c
The WI is a Work Task: parent Building Block

Add Uplink TDOA as MS location determination method to the Release 5 GERAN specifications.

Uplink TDOA location determination for GPRS: Proposed R5 Work Item

Abstract

The purpose of this proposed Work Item is to include Uplink TDOA as a location method for GPRS.  For many applications Uplink TDOA provides superior accuracy and maximum flexibility while preserving RF resources and system robustness at the lowest overall implementation cost.

Several technical options are suggested.  Following the receipt of a R5 Work Item, the best of these GPRS location solutions, as determined by the designated Working Group(s), will be presented as a Stage 2 Change Request at GERAN #8 in February.

For a MS actively involved in an uplink data transfer, the RF energy associated with the uplink transfer of subscriber data will be used to determine the MS location if sufficient data remains to be transmitted after receipt of a Location Request.  Otherwise, one of the proposed methods will be used in order to provide sufficient energy to yield an accurate MS location.

Two methods are proposed for MS in the GMM Standby State or Ready State.  The first method uses repeated executions of Polling for Timing Advance Control to provide sufficient RF energy in the uplink direction to determine an accurate MS location.  The second method uses the arbitrary assignment of four to twenty (4-20) Blocks in the uplink direction to provide the necessary RF energy for Uplink TDOA location.

For future consideration, likely in the Release 6 timeframe, a third option is suggested that incorporates Uplink TDOA in the direct SMLC to MS RRLP protocol.  This option would incorporate Uplink TDOA compatible Measurement_Request and Measurement_Response messages into this protocol.  The BSSGP and BSSLAP protocols would also be modified to transport the necessary signaling messages from the PCU to the SMLC, possibly via the SGSN.

Overview

TruePosition has spent over nine years investigating potential location technologies and has selected Uplink TDOA as the method that supplies the best performance in the widest possible set of circumstances, at the lowest overall cost and with the least impact on the existing wireless infrastructure.  The following list summarizes the features that make Uplink TDOA the technique of choice:

· The primary difference between Uplink TDOA and Downlink E-OTD is the processing capacity available to analyze signal information and calculate subscriber locations.  Handsets have a limited amount of processing power to apply to location determination.  Network based location systems combine the DSP power from many LMUs for the location of a single mobile station and, as a result, are capable of significantly more processing applied over much longer periods of time.  This increased processing power provides:

· 20 to 30 dB greater processing gain than an E-OTD solution through very long integration times.  In the E-OTD system, the MS must make measurements of signals from several sites, one by one, while still providing the other MS functions, while the DSP processors of many LMUs work simultaneously to locate a single MS.

· Sophisticated multipath mitigation techniques

· Simultaneous location of many subscriber units

· Acquisition of location information from many more distant location receivers (LMU)

· For Mobile Station (MS) equipment that is actively engaged in uplink data transfer, no additional system resource is used for location determination.   The Uplink TDOA technique locates the MS using the energy associated with the existing traffic and control information.

· For location of MS in the packet idle mode, Uplink TDOA consumes relatively little system resource and is comparable to the amount of data transferred in the assistance and measurement data for E-OTD or A-GPS.

· The Uplink TDOA methodology requires no modification to the MS, based on current specifications.

· Extensive testing of Uplink TDOA in New York City, New York, USA (Manhattan) has demonstrated that it is superior to A-GPS in environments with limited visibility of the GPS satellites and, more importantly, the high levels of RF attenuation prevalent in urban environments and building interiors.

· Uplink TDOA for GPRS is based upon the solution for IS-136 TDMA, which has been tested in the suburban environment with a demonstrated accuracy of less than 80 meters (67%) and 172 meters (95%).  A downlink E-OTD solution for TDMA has not demonstrated this level of accuracy

The power levels transmitted by the GPRS MS are comparable to those of an IS-136 MS, but the GPRS (GSM) waveform has a bandwidth that is more than six times as large as the bandwidth for IS-136 TDMA.  This difference in effective bandwidth will provide accuracy significantly better than the accuracy of IS-136 TDMA.

· Uplink TDOA provides the best protection against obsolescence.  It is far easier and less expensive to upgrade the software in SGSN, SMLC, LMU and PCU than it is to upgrade millions of subscriber units.

A test bed system with over 170 sites has been implemented on major North American carrier’s systems.  These include dense urban, suburban, rural and open water environments.  Millions of location events over an area of several thousand square kilometers have been analyzed and used to continuously improve system performance.

Uplink TDOA in the GPRS Domain

The Uplink TDOA location methodology requires the capture of RF energy that can unambiguously be associated with a particular MS.  This requires knowledge of the frequency, timeslot, starting frame number, numeric reference numbers (TFI, TLLI, TQI, Random Reference, etc.), Coding Scheme, Resource Allocation and Resource Allocation method of a transmission from the target MS.  This information is contained in the RLC/MAC PACK_UL_ASS (Packet Uplink Assignment) message and is generated by the PCU.

In order to implement Uplink TDOA location determination in GPRS it is necessary to transfer the RF resource assignment information to the SMLC via the SGSN for NSS based solutions or directly from the BSC/PCU for BSS based solutions.  To expedite the timely transfer of this information from the PCU to the SMLC, a new direct connection from the SGSN to the SMLC is proposed.  The previously proposed Iupc protocol should be enhanced to include Uplink TDOA functionality appropriately for LCS at this interface.

For a MS in the middle of an uplink data transfer, with enough remaining data to allow the appropriate Uplink TDOA setup time (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.  If Dynamic Allocation is used, the PCU must also send any downlink RLC/MAC blocks to the SMLC containing the USF value of the target MS on the allocated timeslots.  If there is not sufficient data remaining in an ongoing uplink data transfer to allow for location related setup time and 4-20 subsequent data Blocks, two alternative approaches are proposed.  

For mobiles not currently active in the uplink direction it is necessary to cause the MS to transmit for a range of 4-20 Blocks, depending on the method used and the QoS requirement.  Two methods are proposed for a MS in the GMM Ready or Standby State.  The first method uses 4-20 executions of Polling for PACK_CTRL_ACK (Packet control acknowledgement) to provide sufficient RF energy in the uplink direction to determine an accurate MS location.  For the second method, the PCU assigns the target MS 4-20 Blocks in the uplink direction and the LMU captures the RF energy in the PACK_UL_DUMMY_CTRL block transmitted on the PACCH (Packet Associated Control Channel).

For the first method (Polling), the PACK_DL_ASS (Packet downlink assignment) message and each PACK_POLL_REQ (Packet polling request) message, including the valid RRBP field, must be sent to the SMLC.  The second method requires the PACK_UL_ASS (Packet uplink assignment) message and, if Dynamic Allocation is used, any downlink block (including the USF of the desired MS) on the assigned timeslot to be sent from the PCU to the SMLC.  In either case, these message transfers could be directly from the PCU to the SMLC (BSS based) or via the SGSN (NSS based).

It is proposed that the SGSN make a MS location interrogation to the PCU containing an Information Element that indicates this interrogation is associated with location determination.  The PCU would then initiate the indicated method and send all data necessary for the desired method to the SMLC.

Use of Timing Advance Polling for Uplink TDOA location determination, Packet Idle Mobiles

GSM 04.60 (MS-BSS interface; RLC/MAC protocol), Paragraph 11.2.12 indicates that the PACKET_POLLING_REQUEST message from the network to the MS can be used to cause the MS to transmit one RLC/MAC control block when the TYPE_OF_ACK parameter is set to “1”.  This mechanism is currently used to determine or verify the Timing Advance value of a particular MS at any time.  It is proposed that the repeated execution of the PACKET_POLLING_REQUEST message could be used to cause an inactive mobile (Packet idle mode) to transmit for a time sufficient to acquire an Uplink TDOA location.

The following is a brief summary of the actions required to perform an Uplink TDOA MS location based on this Polling capability.   Refer to Figure 1 for a graphical representation.

· The SGSN will determine the state of the target MS when it first receives a Location Request.  If the mobile is in the GMM Standby state it must be paged and brought to the GMM Ready State.

· The SGSN will send a unique LOCATION REQUEST message to the PCU with a parameter set to a predefined “UPLINK TDOA” value(s).

· The PCU will sequentially Poll the MS using the PACKET_POLLING_REQUEST message 4-20 times, depending on the required QoS.

· The PCU must also send the PACK_DL_ASSIGNMENT message (only one timeslot is assigned) and every PACK_POLL_REQ message (including the valid RRBP field) that it normally sends to the target MS to the SMLC, either directly or via the SGSN

· The SMLC will use the information in the PACK_DL_ASSIGNMENT and PACK_POLL_REQ messages to task all of the appropriate LMUs to monitor the Uplink transmission of the target MS and return the captured TDOA information to the SMLC.  

· The returned LMU TDOA information will be used by the SMLC to calculate the target MS location.

Use of PACKET UPLINK DUMMY CONTROL BLOCKS on the PACCH, Packet Idle Mobiles

GSM 04.60 (MS-BSS interface; RLC/MAC protocol), Paragraph 8.1.1 indicates that an MS that has been given a set number of Uplink Blocks must first transmit RLC/MAC control blocks and then any subscriber RLC data blocks.  If there are currently no RLC/MAC control blocks or subscriber RLC data blocks to transmit, the MS must fill the assigned Blocks with PACKET_UPLINK_DUMMY_CONTROL_BLOCKS.  It is proposed that this requirement be used to cause an inactive mobile to transmit for a time sufficient to acquire an Uplink TDOA location.

The following is a brief summary of the actions required to perform an Uplink TDOA MS location based on capturing the RF energy associated with the PACKET_UPLINK_DUMMY_CONTROL_BLOCKS on the PACCH.  Refer to Figure 2 for a graphical representation.

· The SGSN will determine the state of the target MS when it first receives a Location Request.  If the mobile is in the GMM Standby State, it must be paged and brought to the GMM Ready State.  

· The SGSN will interrogate the MS for Mobile Location using a predefined LOCATION REQUEST message (or other interrogation messages as appropriate) via the PCU.

· This uniquely recognizable interrogation message will be recognized by the PCU and will cause the PCU to perform this interrogation using the Fixed Resource Allocation method or the (extended) Dynamic allocation method.

· The PCU will assign the MS 4-20 Blocks, regardless of the actual volume of data to be transferred.

· GSM 04.60 (MS-BSS interface; RLC/MAC protocol) specifies that the MS must transmit PACKET_UPLINK_DUMMY_CONTROL_BLOCKS on the PACCH if there is no RLC/MAC control blocks or RLC data blocks to transmit.

· The PCU must also send to the SMLC all of the PACK_UL_ASSIGNMENT messages (only one timeslot allocated) that it normally sends to the target MS.  If (extended) Dynamic Allocation is used, the PCU must also send to the SMLC any downlink RLC/MAC blocks containing the USF value of the MS on this allocated timeslot.

· The SMLC will use the information in the PACK_UL_ASSIGNMENT message and, if Dynamic Allocation is used, the downlink RLC/MAC blocks containing the USF to task all of the appropriate LMUs to monitor the Uplink transmission of the target MS and return the captured TDOA information to the SMLC.  

· The returned LMU TDOA information will be used by the SMLC to calculate the target MS location.

Impact

The following section lists the modifications that are required for each of the two methods discussed above.

Timing Advance Polling method

GMLC

None

SMLC

Implement new messaging toward the PCU or SGSN to initiate Uplink TDOA location via the Polling method

Receive and analyze the PACKET_DOWNLINK_ASSIGNMENT and PACK_POLL_REQ messages from the PCU, to include error scenarios.  The goal is to extract the frequency/time location of the RF energy associated with the target MS.

Implement a new logical interface to the LMU for Uplink TDOA tasking

Implement Uplink TDOA location methodology

GGSN

None

SGSN

Implement logic to accept and act upon an Uplink TDOA Location Request from the SMLC

Implement logic to create a unique Uplink TDOA location related message toward the PCU, a modified LOCATION message for example

Implement logic to receive and forward the resulting PACKET_DOWNLINK_ASSIGNMEMT and PACK_POLL_REQ messages from the PCU to the SMLC for the NSS based implementation

PCU/BSC

Implement a new message to accept and act upon a unique Uplink TDOA location request message.

Implement new logic to sequentially poll the MS using the PACKET_POLLING_REQUEST message 4-20 times, depending on the required QoS.

Implement new logic to send all PACKET_DOWNLINK_ASSIGNMENT and PACK_POLL_REQ (including the RRBP field) messages associated with a given Uplink TDOA location event to the SMLC, either directly or via the SGSN

BTS

None

MS

None

Packet Uplink Dummy Control Block method

GMLC

None

SMLC

Implement new messaging toward the PCU or SGSN to initiate Uplink TDOA location via the Packet Uplink Dummy Control Block method

Receive and analyze the PACKET_UPLINK_ASSIGNMENT messages from the PCU, to include error scenarios

Implement a new logical interface to the LMU for Uplink TDOA tasking

Implement Uplink TDOA location methodology

GGSN

None

SGSN

Implement logic to accept and act upon an Uplink TDOA Location Request from the SMLC

Implement logic to create a unique Uplink TDOA location related message toward the PCU

Implement logic to receive, forward and acknowledge the resulting PACKET_UPLINK_ASSIGNMEMT messages from the PCU to the SMLC for the NSS based implementation

PCU/BSC

Implement a new message to accept and act upon a unique Uplink TDOA location request message

Implement new logic to assign the target MS 4-20 Uplink Data Blocks, depending on the required QoS.

Implement new logic to send all PACKET_UPLINK_ASSIGNMENT messages associated with a given Uplink TDOA location event to the SMLC, either directly or via the SGSN

If Extended Dynamic Allocation is used, implement new logic to send all Downlink RLC/MAC Blocks containing the USF of the target MS on the assigned timeslot

BTS

None

MS

None
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Figure 1

Uplink TDOA using MS Polling
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Figure 2

Uplink TDOA using Uplink Dummy Control Blocks
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