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1.0 Introduction

The following paper will present the approach, architecture and messaging associated with U-TDOA in a PS GERAN environment (GPRS).  Also, inclusion of U-TDOA in the UTRAN environment (UMTS) will be outlined.

2.0 Overview

A method using MS polling is proposed for U-TDOA location determination in the GPRS environment.  Repeated execution (4-20, depending on the required location QoS) of the PACKET_POLLING_REQUEST message could be used to cause a mobile to transmit for a time sufficient to acquire a U-TDOA location.

The following block diagram (Figure 1) illustrates the high-level network architecture for inclusion of U-TDOA in GPRS.  No new interfaces for GSM/GPRS network elements are required and existing procedures are used to implement U-TDOA for GPRS.  For existing network elements, only modifications to the BSC and PCU should be required.  Additional message handling capabilities must be added to the BSC to enable the required PCU to SMLC communication, and the PCU must be enhanced to include the U-TDOA functionality described above.
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As diagramed in Figure 2, initially the SGSN will send a BSSGP PERFORM_LOCATION_REQUEST message to the SMLC via the PCU and BSC on the Lb interface.  This message will indicate to the SMLC that the requested location is in the PS domain.  The SMLC will then send a U-TDOA REQUEST message to the PCU (via the BSC) on the Lb interface.  This message will contain an information element which, based upon the specified cell identity and QoS, will indicate the required number of executions of the PACKET_POLLING_REQUEST process.  

The PCU (via the BSC) will send a U-TDOA RESPONSE message indicating the RF channel assignment (ARFCN and timeslot), TLLI and start time (FN).  The start time must allow sufficient time for the SMLC to task the LMU, a delay of approximately one to two (1-2) seconds.

After establishing a downlink TBF to the target MS the PCU will schedule the requested number of executions of the PACKET_POLLING_REQUEST on the indicated ARFCN and timeslot using the RRBP values as illustrated in Figure 3.  These PACKET_POLLING_REQUEST messages must specify a CONTROL_ACKNOWLEDGEMENT response containing the TLLI value.  The PCU must schedule the requested number of polling requests within a one second time period in order to enable the LMU to accurately identify and correlate them to the target MS transmissions.

GSM 04.60 (MS-BSS interface; RLC/MAC protocol), Paragraph 11.2.12 specifies that the PACKET_POLLING_REQUEST message from the network to the MS could be used to cause the MS to transmit a PACK_CTRL_ACK message. The TYPE_OF_ACK parameter in this message determines if the MS responds with an access or normal burst. For the purpose of U-TDOA location, the PCU must indicate a response using a normal burst containing the TLLI by setting the TYPE-OF ACK IE to “1” for all bursts associated with location determination.

The LMUs will subsequently identify the target MS transmissions on the indicated ARFCN and timeslot using the TLLI value provided in the U-TDOA_RESPONSE message and report their observed Time Of Arrival (TOA) to the SMLC.  The SMLC then will calculate the location and provide this location or failure cause to the SGSN on the Lb (via the BSC and PCU) using the PERFORM_LOCATION_RESPONSE message.
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Figure 3

3.0 Messaging

Figure 4 illustrates the GPRS U-TDOA message flow from the perspective of existing GSM and GPRS network elements.
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The following paragraphs detail possible modifications to LCS messages for U-TDOA in the GPRS Packet Switched environment.  Two approaches are possible; either separate PS and CS U-TDOA messages could be created or the PS information elements could be included in the existing U-TDOA messages.  In the second case, the BSC would invoke the PS or CS procedures based upon the information elements included in the U-TDOA_REQUEST message.  Possible message contents for the integrated approach are presented in the following paragraphs.

U-TDOA Request

The U-TDOA Request is a message from the SMLC to the BSS will contains either the Delta Timer IE indicating location activity in the CS domain or the Polling Repetition information element indicating location activity in the PS domain.

Table 4.11: U-TDOA Request message content

	Information element
	Type/Reference in TS 48.071
	Presence
	Format
	Length

	Message Type
	Message Type IE 5.1
	M
	V
	1

	Delta Timer
	Delta Timer IE 5.22
	C
	TV
	2

	Polling Repetition
	Polling Repetition IE 5.26
	C
	TV
	2


U-TDOA Response

The U-TDOA Response is a message from the BSS to the SMLC will contain the IE appropriate for the PS or CS domain, depending on the contents of the U-TDOA Request message as discussed above.

Table 4.12: U-TDOA Response message content

	Information element
	Type/Reference in TS 48.071
	Presence
	Format
	Length

	Message Type
	Message Type IE 5.1
	M
	V
	1

	Channel Description
	Channel Description IE 5.8 
	M
	TV
	4

	Serving Cell Identifier
	Cell Identifier IE 5.23
	M
	TLV
	4-n

	Frequency List
	Frequency List IE 5.20
	C
	TLV
	3-n

	Timing Advance
	Timing Advance IE 5.2
	O
	TV
	2

	MS Power
	MS Power IE 5.21
	O
	TV
	2

	Measurement Report
	Measurement Report IE 5.12
	O
	TLV
	18

	Encryption Key (Kc)
	Encryption Key IE 5.24
	C
	TV
	9

	Cipher Mode Setting
	Cipher Mode Setting IE 5.25
	C
	TV
	2

	TLLI
	TLLI IE 5.27
	C
	TV
	5

	Start Time
	Start Time IE 5.28
	C
	TV
	3


4.0 U-TDOA in the UTRAN

TruePosition proposes to enhance the UTRAN Location Services to include an Uplink TDOA capability by expanding the definition and functionality of UTRAN LCS.  The following section is presented for information only and is intended to keep the GERAN membership informed of U-TDOA activity occurring outside the GERAN.

For a UE with an active connection, no additional control activity is required. The uplink energy associated with this existing connection will be used to provide a location to the required level of accuracy. In this case, the RNC must be enhanced to provide the RF resource information for the target UE to the SMLC.

It is necessary to cause an inactive UE to transmit in order to calculate a location using the U-TDOA method. It is currently anticipated that, due to asymmetric traffic such as streaming video, WWW access, and e-mail, the Node B throughput will be limited by downlink capacity. The limited additional traffic in the uplink direction necessary to support U-TDOA location will not impact the overall capacity of the UMTS system.

The following sections discuss possible methods of causing an idle UE to transmit for sufficient time to provide a suitably accurate U-TDOA location determination.

4.1 Transport Format Combination Set Restriction Method

The Transport Format defines the parameters used to transfer signaling or user data for particular virtual transport channels. Typically, the RNC assigns more than one uplink Transport Format to the UE in order to provide some measure of flexibility without requiring frequent format reconfigurations. This group of Transport Formats is called the Transport Format Combination Set. Typically one of the Transport Formats assigned by the RNC is Transport Format Zero (TF0), which allows the UE not to transmit if signaling or user data is not currently available.

The premise for this solution is that the RNC could force a UE to transmit by activating a Signaling Radio Bearer (SRB) to the target UE with a Transport Format Combination Set that does not contain the Transport Format Zero (TF0). It is logical to assume that the UE will only use Transport Formats that are included in the Transport Format Combination Set but this circumstance is not currently specified. Implementation of this solution will require a) the inclusion of this scenario into the specifications and b) transmission by the UE of dummy messages while this condition persists. This will provide a 14.8 kbit data stream that can be used by the U-TDOA LMU to locate the target UE. Figure 5.1 and Figure 5.2 show a high level and lower level message flow for this solution.



Figure 4‑1
High Level Message Flow, Transport Format Method

1. If the UE is in the CELL_FACH state, the RNC brings it to CELL_DCH state. This can be done using the Radio Bearer Reconfiguration message.

2. The Radio Bearer Reconfiguration message configures a 13.6 kbps SRB.

3. The Transport Format Combination Control message does not contain TF0 for the 13.6 kbps SRB.
4. UE transmits continuously with a maximum spreading factor of 64.

5. After enough data has been received or after defined time the Transport Format Combination Control message removes the TFO restriction. 

6. Radio Bearer Reconfiguration message terminates the transaction or re-establishes the initial SRB parameters.
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Figure 4‑2
Low Level Message Flow, Transport Format Method

7. Location Request message from the Core Network (CN)

8. Signaling Radio Bearer Reconfiguration: Establishment of 13.6 kbps SRB and change UE state into CELL_DCH state

9. Provide Channel Information: UL Scrambling Code; Transport Format Set, Transport Format Combination Set, Frequency, etc.

10. Start TX: SMLC starts procedure to initiate UE transmission

11. Transport Format Combination Control message restricts TF0 for 13.6 kbps SRB.

12. SMLC informs LMU about uplink channel parameters and LMU starts to capture energy

13. LMU provides location data to the SMLC or timer expiration in SMLC and/or RNC.

14. Stop TX: SMLC initiates stop of UL transmission

15. Transport Format Combination control message removes restriction of TF0 for 13.6 kbps SRB.

16. Signaling radio bearer reconfiguration: undo changes made in 2.

17. SMLC calculates the position of the UE.

18. Location: SMLC transmits UE location to RNC

19. RNC sends Location data to CN

4.2 UE Interrogation Method

It is possible to cause a UE to transmit by interrogating it for its capabilities or for a measurement report. These standard and specified interrogations can be implemented without any changes to the UE or Node B. It is necessary to modify the RNC to perform these interrogations as part of a U-TDOA location dialogue with an SMLC.

The long-term solution for U-TDOA in UMTS incorporates a specific RRC level message that causes the UE to repetitively transmit a specific bit pattern at the highest available spreading factor for a specified time period. This will allow the RNC to efficiently manage the RF resources allocated to LCS in a manner consistent with the instantaneous traffic demands and the desired level of location accuracy. In this scenario, the limited number of legacy mobiles currently in service would be supported by interrogating the mobile for standard reports as described in the preceding paragraph.
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Figure 4‑3
UE Interrogation Method
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