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3
U-TDOA:  System Architecture

This feasibility study establishes that Uplink TDOA (U-TDOA) is both necessary and practical in the GSM and GPRS (GERAN) environment. It is necessary because U-TDOA alone provides the required balance of accuracy and building penetration necessary to make Location Services a successful and profitable addition to the GSM and GPRS networks. U-TDOA is practical because it impacts the fewest network elements and utilizes existing processes within the GERAN architecture.

This section (Section 3) discusses the GPRS network architecture of Uplink TDOA (U-TDOA). The introduction of U-TDOA will not require major modifications of the architecture specified in the GERAN document 43.059 (Functional Stage 2 Description of Location Services in GERAN). Modifications will be limited to message format changes and functional/logical enhancements in the BSC/PCU network node.

The initial topic in this section discusses the concepts, principles and advantages associated with U-TDOA. The second section presents the basic block diagram and the final section describes how U-TDOA fits into the GERAN.
3.1 U-TDOA: Concepts, Principals and Advantages

More than nine years have been spent investigating potential location technologies:  U-TDOA was identified as the method that supplies the best performance in the widest possible set of circumstances. U-TDOA has superior systems upgrade ability, the lowest overall complexity, and the least impact on the existing wireless infrastructure. The following list summarizes the features that make U-TDOA the technique of choice:

· The primary difference between U-TDOA and downlink time-of-arrival technologies 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 allows for the following advantages:

· 20 to 30 dB greater processing gain than a downlink solution, through very long integration times.

· With downlink technologies, the MS must make serial measurements of signals from several sites, one by one, while still providing the other MS functions. In the U-TDOA methodology the DSP processors of many LMUs work simultaneously to locate a single MS.

· Sophisticated multipath mitigation techniques.

· Simultaneous location of many subscriber units.

· The architecture is scalable, from a few locations per second up to 32 locations per second per SMLC.

· Additional capacity can be added using multiple SMLCs.

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

· The U-TDOA methodology requires no modification to existing MS (legacy mobiles).

· U-TDOA locates Roaming Subscribers regardless of the type of MS equipment or the presence and compatibility of MS-based LCS software.

· For Mobile Station (MS) equipment that is actively engaged in sufficiently large uplink data transfer, no additional system resource is used for location determination.  The U-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, U-TDOA consumes relatively little system resource and is comparable to the amount of data transferred in the assistance and measurement data for downlink or satellite based technologies.

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

· U-TDOA for GSM/GPRS is based upon a currently implemented solution for IS-136 TDMA, which has been tested by a major North American System Operator in the suburban environment with a demonstrated accuracy of less than 80 meters (67%) and 172 meters (95%).

· The power levels transmitted by the GPRS MS are comparable to those of an IS-136 MS, but the GMSK (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 as predicted by the simulations shown in Section 4 of this document.

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

A test bed system with over 170 sites has been implemented on a 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 U-TDOA system performance.

3.2 Block Diagram

The following diagram illustrates the network topology assumed throughout this feasibility study. The dotted lines between the SMLC and the BTS/Node B represent a possible architecture for an early implementation of U-TDOA prior to the upgrade of BSC and LMU for SMLC-to-LMU data traffic.
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3.3 System Description

The U-TDOA location methodology requires the capture of RF energy that can unambiguously be associated with a particular MS. This requires knowledge of the allocated resources for the target MS (frequency, timeslot, allocated blocks, etc.). This information is generated by the PCU. 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 BSC/PCU for BSS based solutions. The Lb and Gb interfaces should be enhanced appropriately to include U-TDOA functionality for LCS at this interface.

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. An alternative approach is proposed for situations in which insufficient data remains in an ongoing uplink data transfer to allow for location related setup time and 4 to 20 subsequent data Blocks (depending on the QoS requirement). 

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 QoS requirement.  The method proposed covers a MS in the GMM Ready or Standby State and 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.                    The PACK_DL_ASS (Packet downlink assignment) message and each PACK_POLL_REQ (Packet polling request) message, including the valid RRBP field, shall be sent to the SMLC to provide the necessary information for the LMUs. 

Use of Timing Advance Polling for U-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 a PACK_CTRL_ACK message. This mechanism is currently used to derive the initial Timing Advance value of a particular MS. The TYPE_OF_ACK parameter in this message determines if the MS responds with an access or normal burst. To determine the TA after the initial burst, the PCU must indicate a response using a normal burst by setting the TYPE-OF ACK IE to “1” for all subsequent bursts associated with location determination. 

It is proposed that the repeated execution (4-20, depending on the required location QoS) 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 U-TDOA location. Refer to Section 6.1 of this document for call flows and a more detailed description of this methodology.

Physical implementation of the LMU

U-TDOA LMU can be physically implemented in three different ways, all are consistent with an evolutionary approach to LCS. 

Stand-alone LMU

The initial implementation of LCS will almost certainly be into existing GSM/GPRS systems. This requires a separate stand-alone LMU with an overlay interconnect to the SMLC that is a separate logical and possibly physical interconnect architecture.

First level of LMU integration

The next level of integration would be the insertion of an LMU printed circuit board or outboard module into existing BTS. Specification-compliant LMU-to-SMLC interconnect could also be implemented during this phase.

Second level of LMU integration

The final and most complete level of integration would be the inclusion of LMU functionality into the BTS, either as an addition to an existing circuit board or completely integrated as the result of a redesign effort. 

Classic GSM

In order to cover all of the available technologies (GSM, GPRS and UMTS) it will be necessary to re-introduce the uplink location technology previously specified in GSM 03.71 (U-TOA), with the following functional difference:

The RF energy associated with normal circuit switched activity is sufficient to provide an U-TDOA location determination; consequently, the formerly specified handover command used to cause the MS to transmit is not required. For currently active MS, the BSC must send to the SMLC the Channel Assignment information and any subsequent Radio Resource management information. Because this is a slightly different functionality and for consistency with GPRS and UMTS, this re-introduced capability should be designated U-TDOA. These methodologies are illustrated in Figures 6.2.1 and 6.2.2.

UMTS

U-TDOA is particularly suited to UMTS. The wide bandwidth and potentially high bit rates (low spreading factors) make even higher levels of accuracy achievable. Moderate levels of accuracy can be achieved in UMTS using the high spreading factor (low bit rate) associated with control channels and common channels. High levels of accuracy can be achieved using low spreading factors (high bit rates) on dedicated resources.  The higher power level (Eb/No) associated with the lower spreading factors provide this higher level of accuracy because more LMUs can participate in the location effort. As always, U-TDOA does not require any additional resource or contribute to the noise level when a currently active UE is located.

Simulations indicate that accuracies of 25-30 meters are achievable in UMTS through the use of low spreading factors.

Latency

Typical latency from the beginning of the location estimation to the provision of the information to the requesting agent is 3-4 seconds for location accuracies in the 50- to 100-meter range.

Location determination capacity

Using existing hardware, one SMLC can execute approximately 32 location estimations per second with 16-32 cooperating LMUs and 16 location estimations per seconds with 32-64 cooperating LMUs.

Additional SMLCs can be added to increase capacity as desired.

Intellectual Property Considerations

TruePosition, Incorporated may hold one or more patents or copyrights that cover information contained in this document. A license will be made available to applicants under reasonable terms and conditions that are demonstrably free of any unfair discrimination.

4
U-TDOA Performance Analysis

4.1 Introduction

Over the past nine years, comprehensive knowledge about the capabilities and performance of Time Difference of Arrival (TDOA) based wireless location systems has been acquired. This knowledge was developed through extensive research, analysis and field deployments. Although a TDOA-based wireless location system has not yet been deployed in a GSM network, a comprehensive analysis has been performed and the expected performance is well understood.

This section of this feasibility study provides an overview of this analysis and details the expected performance of the Uplink TDOA (U-TDOA) technology in a GSM environment. The goal is to provide insight into the theoretical aspects of the performance of U-TDOA in a GSM environment, as well as to relate this theoretical performance to previously measured performance in an IS-136 TDMA (North American TDMA) environment. The fundamental nature of this analysis should establish confidence in the expected performance of U-TDOA in GSM networks. 

This analysis is then extended to predict the expected performance in GPRS networks by taking into account the reduced duration (number of bursts) of the available uplink signal.

4.2 Review of the fundamental drivers of location accuracy

U-TDOA estimates the position of a mobile station by measuring the time-difference-of-arrival (TDOA) between the signal received at the serving cell site and the same transmission received at other surrounding cell sites. The error in these TDOA measurements, not including the effect of multi-path, is given by the Cramer-Rao bound:
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where B is the signal bandwidth, T is the coherent integration period, and SNRy is the signal-to-noise ratio (SNR) of the remote signal. The location error that results is approximately:

Location rms  TDOArms P-1/2 N-1/2 GDOPc
where P is the number of diversity antennas, N is the number of sites (valid only for N
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3), and GDOPc is the geometric dilution of precision (GDOP) relative to that at the center of a circular N-station configuration. From this it is straightforward to conclude that location accuracy is a function of signal bandwidth, coherent integration time, SNR, number of receive antennas, number of receive sites, and the geometry of the receive sites.  

In AMPS, IS-136 TDMA, and GSM environments the signal bandwidth is too small to resolve all multi-path components. The unresolved multi-path components result in additional error in the TDOA measurements. The effective multi-path delay spread is given by the square root of:
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where Ai is the voltage amplitude of the ith multi-path component, x = (B, and B is the signal bandwidth.

The larger the signal bandwidth the more multi-path components can be resolved and the smaller the effective multi-path delay spread. This is illustrated more clearly for IS-136 TDMA and GSM in the following section. In most AMPS, IS-136 TDMA (hereafter just TDMA) and GSM environments the error caused by unresolved multi-path components dominates location accuracy. Sophisticated super-resolution techniques have been developed to help mitigate the effects of the unresolved multi-path. The performance of these techniques is dependent upon signal bandwidth, coherent integration time and SNR. 

4.3 Comparison of GSM versus IS-136 TDMA

From a location accuracy perspective, the significant difference between GSM and TDMA is signal bandwidth. The wave-shaping filter for TDMA is a “35% excess bandwidth, root cosine filter” with a 3 dB bandwidth of 24.3 kHz (the symbol rate). The GMSK waveform used for GSM has an approximate bandwidth of 120 kHz. This approximately 5:1 difference in bandwidth and the resulting time spread of the signals makes GSM significantly more immune to multi-path than TDMA.  The effects of this increased bandwidth on multi-path spread are illustrated in the more detailed document in Appendix A.

The illustrations in Appendix A only show the general effect of multi-path since the phase of these components is not included. To verify that the differences shown by these simple illustrations will also be seen in real GSM deployments, a sophisticated simulation using the actual location algorithms was modified to support the GSM signal bandwidth. Signals representative of both TDMA and GSM were generated and passed through a random multi-path simulation model. For each TDOA measurement this model generated independent Rayleigh-distributed amplitudes and random phases for each of the multi-path components along with Gaussian noise added to the output. The results, averaged over many TDOA measurements, showed a 2:1 ratio of TDMA-to-GSM errors for the typical multipath case.

Based on this analysis of the effect of signal bandwidth, and the fact that integrated SNR for GSM and TDMA are effectively equivalent, RMS TDOA errors for GSM are predicted to be approximately half of those for TDMA. Given that in similar network deployments the number of receive antennas, number of receive sites, and the geometry of the receive sites will be the same, the accuracy for GSM should be at least twice that of TDMA.

To verify this conclusion, an analysis was conducted to determine the expected performance of U-TDOA in deployed networks. Both TDMA and GSM performance were modeled using a predictive modeling tool. An 18-site TDMA Trial network in Wilmington, Delaware (USA) was used to establish a frame of reference with actual measured TDMA performance. In addition, 172 sites covering the portion of Houston, Texas inside the Sam Houston Parkway were used to provide a more comprehensive test. Finally, an example 1900-MHz GSM network covering the same portion of Houston was used to provide insight into the effects of the different propagation environment, cell site density, antenna configurations, etc. GSM performance for both 100% and 50% LMU deployment densities were analyzed. A more detailed presentation of this material can be found in Appendix A.

Additional analysis was done to evaluate the location accuracy of the proposed U-TDOA approach for GPRS. Packet polling requests would be used to initiate transmission from the MS. A range of 4 to 20 requests, resulting in the transmission of 16 to 80 bursts, has been considered. Analysis was therefore performed for both the 16- and 80-burst cases to compare with the 650-burst GSM voice mode results. Note that the 80-burst performance would also be applicable to locations performed for GSM during the Circuit Switched Idle Mode through use of a commanded handover to the same channel (the total amount of signal contained in 145 access bursts is approximately the same as 80 normal bursts).


Table 1
 provides the overall results of the analysis. The figure numbers refer to the diagrams in the report included in Appendix A.

	Network
	Air Interface
	LMU

Deployment

Density
	67%

Performance

(meters)
	95%

Performance

(meters)
	Figure

	Wilmington 
(Trial Results)
	TDMA
	100%
	81.2
	189.9
	N.A.

	Wilmington
	TDMA
	100%
	81
	137
	7

	Wilmington
	GSM (CS)

GPRS (80 burst)

GPRS (16 burst)
	100%
	42

48

55 
	71

81

94
	8

9

10

	Wilmington
	GSM (CS)

GPRS (80 burst)

GPRS (16 burst)
	50%
	57

65

73
	100

113

129
	11

12

13

	Houston
 (850 MHz)
	TDMA
	100%
	84
	143
	16

	Houston
 (850 MHz)
	GSM (CS)

GPRS (80 burst)

GPRS (16 burst)
	100%
	44

49

55
	74

84

94
	17

18

19

	Houston
 (850 MHz)
	GSM (CS)

GPRS (80 burst)

GPRS (16 burst)
	50%
	50

57

65
	86

98

112
	20

21

22

	Houston
 (1900 MHz)
	GSM (CS)

GPRS (80 burst)

GPRS (16 burst)
	100%
	56

65

76
	100

116

139
	25

26

27

	Houston
 (1900 MHz)
	GSM (CS)

GPRS (80 burst)

GPRS (16 burst)
	50%
	66

79

100
	117

142

185
	28

29

30


Table 1 - Predicted Location Accuracy Performance

4.4 Conclusion

From a location accuracy perspective, the significant difference between GSM and TDMA is signal bandwidth. The 5:1 difference in bandwidth makes GSM significantly more immune to multi-path than TDMA. A comprehensive analysis showed a 2:1 ratio of TDMA-to-GSM errors for the typical multi-path case and nearly a 4:1 ratio for the severe case. Based on this analysis, it is predicted that the RMS TDOA errors for GSM will be approximately half of those for TDMA. As a result, the accuracy of TDOA for GSM should be at least twice that of TDMA. In addition, it should be possible to achieve the stated levels of accuracy (Table 1) in most GSM networks when LMUs are deployed at only 50% of the cell sites.

The U-TDOA performance results presented in this analysis are conservative. They only take into account the increased signal bandwidth of GSM. They do not take into account frequency hopping on the uplink channels and the significant benefit this has in reducing multi-path. Also, they do not take into account more aggressive techniques for mitigating the effects of multi-path in a GSM environment that are currently under development. These techniques for super-resolving multi-path and detecting leading edge components have the potential to improve results even further. As a result, the performance of U-TDOA in actual deployments will be more accurate than the results presented in this analysis.

U-TDOA has several performance advantages over E-OTD. These include a 10-15 dB SNR advantage and the ability to utilize diversity to reduce the effects of fading. In addition, U-TDOA is able to use sophisticated super-resolution algorithms and take advantage of frequency hopping on the uplink channels to mitigate the effects of multipath. These advantages will result in E-OTD being at least 1.75 times less accurate than U-TDOA, and possibly as much as 2.4 times less accurate. In addition, E-OTD will have difficulty achieving reasonable accuracy for network-based location technologies in demanding environments that have severe multi-path or limited cell site coverage. 

5
U-TDOA:  System Impacts

5.1 Protocol Impacts

5.1.1 GSM

5.1.1.1 Call Control

No Impact

5.1.1.2 Mobility Management

No Impact

5.1.1.3 Radio Resource Management

No Impact

5.1.1.4 Short Message Service

No Impact

5.1.1.5 Supplementary Services

No Impact

5.1.2 GPRS

5.1.2.1 GPRS Mobility Management (GMM)

No Impact

5.1.2.2 Session Management (SM)

No Impact

5.1.2.3 GPRS Short Message Service (GSMS)

No Impact

5.1.2.4 Base Station Subsystem GPRS Protocol (BSSGP)

The BSSGP must be changed to inform the PCU that a location estimation using the U-TDOA method is requested.

The Location Type IE in the Perform_Location_Request message must be extended to include U-TDOA as a location type. There are undefined values within this IE.

This IE is specified in Paragraph 11.3.53 (Location Type IE) of 3GTS 48.018 (BSSGP) which points to Paragraph 10.18 (Location Type IE) of 3GTS 49.031 (BSSAP-LE). New values must be specified for Octet 3 (Coding of location information) and Octet 4 (Positioning method).

5.1.2.5 RLC/MAC

No Impact

Only standard RLC/MAC messages are used to force the MS to transmit.
5.1.3 Common Protocols for Location Services

5.1.3.1 BSSAP-LE

As in BSSGP (Paragraph 6.1.2.4 above), the Location Type IE in the Perform_Location_Request message must be extended to include U-TDOA as a location type. There are undefined values within this IE.

5.1.3.2 BSSLAP

A new message indicating U-TDOA Request to the PCU has to be implemented. This message consists of the Message type IE only (like the TA Request message in 48.071 Par. 4.2.1) 

Also the U-TDOA Response message from the PCU to the SMLC has to be specified. This message consists of the Message type IE and a additional Cause value. It is used exclusively to inform the SMLC that the PCU has finished its tasks.

In addition to the already defined messages new messages supporting transparent information transfer between the SMLC and the PCU have to be specified. 

5.1.3.3 LLP

In addition to the already-defined messages, new messages that support transparent information transfer between the SMLC and the LMU have to be specified. This also must support segmentation in case the transferred volume exceeds the maximum message size of the LLP SDU.

5.1.3.4 RRLP

This protocol is not used or affected by U-TDOA.

5.2 Impacts to existing nodes

5.2.1 BTS

- None

5.2.2 BSC

- Implement physical interface to the SMLC

- Implement logic and messaging for GSM 03.71

  “False Handover” LCS
- For additional detail refer to the Circuit Switched call flows in 

  paragraphs 6.4 and 6.5 of this document. 

5.2.3 PCU

- Implement physical interface to the SMLC

- Implement logic and messaging for the Timing Advance Polling

  method detailed in the Packet Switched call flows in paragraphs

  6.2 and 6.3 of this document.

5.2.4 MSC/VLR

- None

5.2.5 SGSN

- Implement logic and messaging for U-TDOA

- Primarily messaging and protocol modifications

5.2.6 SMLC

- Implement U-TDOA functionality

- Implement messaging and protocol modifications

5.2.7 MS

- None

5.3 Network Capacity Impacts

5.3.1 Network Model

- An LMU at each BTS

- 16 LMU involved with each Location Estimation, average value

- Location Event – one execution of the Pack_Polling_Request procedure

- Location Estimation – Eight (8) sequential Location Events (executions 

   of the Pack_Polling_Request procedure), average value

- One (1) Location Estimation per cell/sector per minute for initial LCS

   implementation

- Ten (10) Location Estimations per cell/sector per minute for mature 

   LCS implementation
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5.3.2 Um Interface

The U-TDOA location method requires the mobile station to transmit from 4 to 20 blocks of information (16 to 80 normal bursts), depending on the accuracy required. For initial implementations with a single location estimation per cell/sector per minute, this activity is not significant. For more mature systems with 10 location estimations per minute per cell/sector, an average load of between 2.7 bursts per second (160 burst per minute) and 17.7 bursts per second (800 bursts per minute) is offered to the air interface. For the mature implementation, this level of traffic requires 8.2% of the available bursts in one timeslot.

5.3.3 Abis Interface

The traffic on the Abis interface, for a location activity in a particular cell/sector is analogous to the traffic on the air interface. On the Abis interface each execution of the Packet_Polling_Request message represents one PCU frame. Therefore, the peak load for a mature implementation is 200 PCU frames per minute (10 location estimations per minute, 20 executions of the Packet_Polling_Req for a high accuracy location estimation) or 3.3 TRAU frames per second (320 bits per PCU frame x 3.3 frames = 1.067 Kbits per second). This traffic is distributed across several Abis links for sites with multiple ARFCN.

In addition to the BSC-to-MS messaging, the SMLC-to-LMU tasking and response information is also present on the Abis interface. This traffic consists of the LMU tasking for the residence cell as well as for the location estimations occurring in the surrounding cells. In an ideal system with evenly distributed traffic in all cells (the case with maximum offered load) and an average of 16 cooperating LMUs per location, each Abis link will carry the LMU traffic for 16 location estimations.  For an average of 10 location estimations per minute per cell/sector, this is 160 tasking messages or 160 PCU frames per minute (2.67 frames per second) per Abis link.

5.3.4 Lb Interface

The Lb interface carries the BSSAP-LE and BSSLAP messaging associated with all location requests and responses as well as the LLP LMU tasking and response information. The BSSAP-LE and BSSLAP messaging traffic is same for all of the proposed location methodologies. In the U-TDOA methodology, the LMU tasking and response traffic represents the vast majority of the traffic. For each location estimation, up to 30 LMU may be tasked to capture the resulting RF energy. A more typical number is 16.

The primary LMU demodulates the MS transmission and forwards the resulting RLC/MAC control message to the SMLC along with additional timing and phase information. This RLC/MAC control message and U-TDOA associated data require approximately 250 bits to encode. The SMLC then forwards this information to all cooperating LMUs; 16 in this model.  Each location event offers 4000 bits of traffic to the Lb interface.  For a location estimate consisting of 10 location events, this translates to 40Kbits of load per location estimation on the Lb interface.

5.3.5 Gb Interface

The two additional messages (Perform Location Request and Perform Location Response) for each location request add the same amount of traffic to Gb interface for all of the proposed location methodologies.

5.3.6 MS Power Consumption

If any specific MS infrequently requests a location (a few times per day) and the Packet_Polling_Request method is executed within a few seconds, the additional power consumption will be minimal and similar to other location methodologies.

5.4 Impact on Specifications

5.4.1  3GTS 48.018 
BSSGP

The IE specified in Paragraph 11.3.53 (Location Type IE) which points to Paragraph 10.18 (Location Type IE) of 3GTS 49.031 (BSSAP-LE) must be extended. New values must be specified for U-TDOA in Octet 3 (Coding of location information) and Octet 4 (Positioning method).

5.4.2  3GTS 49.031 
BSSAP-LE

The IE specified in Paragraph 10.18 (Location Type IE) of 3GTS 49.031 (BSSAP-LE)  must be extended. New values must be specified for U-TDOA in Octet 3 (Coding of location information) and Octet 4 (Positioning method).

5.4.3  3GTS 48.071

BSSLAP

New message formats that support U-TDOA must be included as follows:

· An U-TDOA Request message to the PCU must be implemented. This message consists of the Message type IE only (like the TA Request message in 48.071 Par. 4.2.1)

· An U-TDOA Complete message must be implemented.  This message consists of the Message type IE and an additional Cause value.

· In addition to the already defined messages new messages supporting transparent information transfer between the SMLC and the LMU have to be specified. 
5.4.4  3GTS 44.071

LLP

New messages supporting transparent U-TDOA information transfer between the SMLC and the LMU must be specified.

5.4.5  3GTS 43.059

LCS Stage 2 document

U-TDOA as a location method must be added to this specification. 

6
U-TDOA Call Flows

6.1  Packet Switched

6.1.1 General Location Procedure

[image: image8.wmf]MS

SMLC

PCU

SGSN

BSSMAP-LE:

 

Perform_Location_Req

LMUs

L

b

G

b

B

SS

GP: 

Perform_Location_Request

Messages for individual positioning method

B

SS

GP: 

Perform_Location_Response

BSSMAP-LE:

 

Perform_Location_Resp

* Note:

The MS must be Paged and brought to the GMM

Ready State if not allready in that state

Paging Procedure (Conditional)*


6.1.2 PS U-TDOA, Standby State
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6.1.3 PS U-TDOA, Ready State, Uplink data transfer in progress
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6.2 Circuit Switched

6.2.1 CS, Idle Mode
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6.2.2 CS, Dedicated Mode
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Appendix A

U-TDOA Performance

Please see attached document.
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