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1. Principles of OTDOA-SB (Software Blanking)

OTDOA-SB employs advanced signal processing techniques, instead of periodically turning off base station transmissions as required by IPDL, to significantly improve hearability and thereby the coverage, robustness and accuracy of UE positioning. [2][4]. The performance of OTDOA on its own has been shown to fall short of  requirements, so the use of a hearability enhancement methods such as IPDL or Software Blanking is essential. [3][5][6][10]. This document sets out the overall architecture and structure of Software Blanking. Future contributions will address specific interface, performance and implementation issues in detail. [1]

Measurements of the downlink signal are taken simultaneously at the UE and at Node Bs whenever a position measurement is initiated. These measurements are combined using interference cancellation algorithms which are used to attenuate signals from interfering Node Bs, thereby allowing weaker (previously un-hearable) Node B signals to be measured and the observed time differences to be extracted. Multiple Node B signals may be blanked allowing even weaker ones to be measured. Once all the timings are known, the position is computed using the standard OTDOA position calculation algorithms (PCF).
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Both UE-assisted (the position is computed by the network using measurements from the UE) and UE-based (the position is computed by the UE using assistance data supplied by the network) approaches can be implemented.

Figure 1 - UE-assisted representation

2. Block Diagrams and Architecture

This section presents block diagrams of the different configurations. First a recapitulation of the general architecture for UE-assisted OTDOA is presented for reference, then the following configurations for Software Blanking (OTDOA-SB) are described:

· UE-assisted, Blanking implemented in the network

· UE-assisted, Blanking implemented in the UE

· UE-based

2.1. Background: UE-assisted OTDOA

The block diagram below illustrates the main functions for UE-assisted positioning using OTDOA (with or without IPDL). [7][8][10]
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Figure 2 - UE-assisted OTDOA

The position calculation is based on SFN-SFN type 2 measurements. These measurements represent the time difference of arrival of signals from different Node Bs, as observed by the UE.

The UE sends its SFN-SFN type 2 measurements to the SMLC where the Position Calculation Function (PCF) computes the geographic location of the UE. The SMLC may be integrated in the RNC or a stand-alone function.

In order for the PCF to work it is also necessary to know the geographic positions of the Node Bs and the SFN-SFN offsets of the signals transmitted by the Node Bs. These are determined by the LMU function. Whilst there are several different ways of implementing the LMU function its core purpose is to measure the SFN-SFN offsets of the network at the point of transmission by each Node B. Typically there will be an LMU function associated with each Node B. 

When IPDL is implemented, the timing and duration of the idle periods inserted into the Node B transmissions need to be sent to the UE as assistance data. The UE is then able to make measurements of other Node Bs during the idle periods. The UE and LMU SFN-SFN type 2 measurements are used by the PCF as for standard OTDOA. [6][7][10]

2.2. UE-assisted OTDOA-SB

Software blanking (interference cancellation) algorithms are used to enhance the hearability (and thus performance) of OTDOA. In a simplistic way they may be considered similar to IPDL except that the stronger interfering Node B signals are removed using software interference cancellation algorithms rather than by physically inserting an idle period in the Node B downlink.

The software blanking function may be implemented in either the UE or the network. The former solution requires minimum changes to present 3GPP specifications, but at the cost of added UE complexity. The latter requires an adapted architecture, but yields significantly improved performance and a much simpler UE implementation.

UE-Assisted, Software Blanking implemented in the network
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Figure 3 - UE-assisted OTDOA-SB with Network-based blanking

Figure 3 is the block diagram for UE-assisted OTDOA-SB in which the SMLC is also responsible for the Software Blanking function. The Downlink Measurement function captures a “snapshot” representing the transmitted downlink and sends this to the SMLC.

The UE sends a measurement of its received downlink to the SMLC. The measurement is a block of samples, a “snapshot”, representing the received downlink signal. The UE functionality is, therefore, very much simplified since no processing is required, and it does not need to make the SFN-SFN type 2 measurements.

The Snapshot control function ensures that the UE and Node B “snapshot” measurements are all made at the same time.

The Interference Cancellation (Blanking) function in the SMLC uses the “snapshots” of the Node B downlink and the UE to extract observed time difference measurements from the UE’s data. Interference cancellation algorithms are used to “blank” Node B signals in the signal processing domain, thereby enabling timing measurements to be made of much weaker Node B signals received by the UE.

The PCF computes the position of the UE in exactly the same way as for OTDOA.

This approach yields a simplified UE implementation, since the UE only captures a “snapshot” of the downlink and sends it to the SMLC. It also yields excellent performance since the SLMC has knowledge of the entire network and it can perform software blanking of many Node B signals. The observed time differences are extracted using the entire downlink signal, rather than only CPICH, thereby providing further performance benefits for this architecture. 

UE-assisted, Software Blanking implemented in the UE

A Downlink Measurement function captures a representation, “snapshot”, of the entire transmitted Node B downlink at a specific point in time. This may, for example, be the time at which an idle period would have been inserted had IPDL been implemented. The measurement consists of a set of digital samples representing the transmitted signal in its entirety. The measurement is then sent to the UE as a block of assistance data (instead of inserting a physical idle period in the transmission).

A downlink measurement is also sent to the SMLC so that a timing reference for the entire network (all Node Bs) can be constructed.

[image: image5.wmf] 

CN

RNC

SMLC

UE

Position Request

Position Request

Measurement Request, SB

“snapshot”

Measurement Response,

SB “snapshot”

Position Response

Position Response

Capture “snapshot”

Compute position

Figure 4 - UE-assisted OTDOA-SB with UE-based blanking

The UE captures a “snapshot” of its received downlink signal at the same time as the Downlink Measurement function is capturing its “snapshot”. Measurement co-ordination is similar to that required for IPDL and is distributed to the UE as assistance data.

The UE uses the assistance data (the downlink “snapshot”) as input to its software interference cancellation algorithms to perform Software Blanking of the corresponding Node B downlink signal. This has a similar effect to the insertion of an idle period by the Node B, but without requiring the downlink to be physically blanked.

When the UE is able to receive signals from more than one Node B, such as in soft handover, it may use the assistance data from all receivable Node Bs to blank their signals. In this way blanking of multiple Node B downlink signals is often possible.

The UE makes SFN-SFN type 2 measurements as for OTDOA and reports these to the SMLC where the PCF is able to compute the position of the UE.

This architecture is very similar to IPDL and provides comparable performance. However it has the advantage that physical idle periods do not need to be inserted on the downlink.

2.3. UE-based OTDOA-SB

Software blanking methods may also be applied to UE-based position calculation. The architecture of such a solution is illustrated in the block diagram Figure 5 below.

This approach is similar to that used in UE-assisted OTDOA-SB with UE based blanking, Figure 4 in section 2.2 except that instead of the UE sending the SFN-SFN type 2 measurements to the SMLC, the SMLC sends assistance data containing the network time offsets to the UE. The UE does the position calculation using similar algorithms to those in the PCF within the SMLC.

This architecture is most suited to continuous tracking applications, or those requiring the position to be monitored at the UE. UE complexity is increased.

As for the UE-assisted methods using software blanking, there is no need for any physical idle periods on the downlink, and, therefore, the impact on the operation of the network is negligible. Only the traffic requirements of the assistance data and positioning service need to be taken into account.
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Figure 5 - UE-based OTDOA-SB block diagram

2.4. Software Blanking Classification

The previous sections have shown how software blanking can be used for both UE-assisted and UE-based positioning. With respect to the Software Blanking function there are two important configurations:

· Network-based blanking, in which the interference cancellation algorithms are implemented and run in the network.

· UE-based blanking, in which the interference cancellation algorithms are implemented in the UE.

3. Measurement Requirements

3.1. Node B Downlink Measurement

A measurements representing the transmitted downlink signal is made for each Node B. Each measurement is a finite size and duration and is referred to as a “snapshot”.

The “snapshot” typically has the following parameters:

	Parameter
	Requirement

	Snapshot duration
	TBD chips

	Sample rate
	2 times chip rate: 7.68 Ms/s

	Sample resolution
	4 to 8 bit

	Input signal
	Base band I&Q for downlink


Table 1 – Node B “snapshot” parameters

It is likely that the requirements will vary depending on whether the blanking algorithms are implemented in the network or the UE. They will be optimised to minimise the traffic between UE and Node B on the Uu interface.

The specific requirements of the Node B downlink “snapshot” will be analysed and presented in future papers. 

3.2. UE Measurements

The UE makes a measurement, “snapshot”, of its received downlink signal. This signal contains the sum of the signals from many Node Bs. As for the Node B downlink, the measurement is a finite size and duration.

The UE “snapshot” typically has the following parameters:

	Parameter
	Requirement

	Snapshot duration
	TBD chips

	Sample rate
	2 times chip rate: 7.68 Ms/s

	Sample resolution
	4 to 8 bit

	Input signal
	Base band I&Q of received downlink


Table 2 - UE "snapshot" parameters

It is expected that the requirements will vary depending on the architecture of the implementation and that the “snapshot” will be optimised to minimise the amount of traffic on the Uu interface.

The specific requirements of the UE “snapshot” will be analysed and presented in future papers.

3.3. Measurement coordination

In order for the software cancellation algorithms to be effective it is necessary for the measurement “snapshots” at the Node Bs and UE to be made “at the same time”. This means that the Node B and UE measurements are of the same signal, except that signal measured at the UE has been affected by the propagation channel between the Node B and the UE. The main coordination and timing functions are:

· Coordination of “snapshots” between Node Bs,

· Coordination of the UE “snapshot”,

· Accurate timing of the Node B measurements.

It is important that “snapshot” measurements are sufficiently well coordinated that there is enough overlap for the software blanking algorithms to be effective. The precision required for coordination may, therefore, be of the order of 20% of the “snapshot” duration.

Detailed requirements and methodologies for measurement timing and coordination will be presented in future papers.

3.4. Network Timing

As for OTDOA, OTDOA-SB requires information about the positions and relative timing of the Node Bs in the network in order to compute the position of the UE.

4. Signalling and Messaging

4.1. Message Flows

UE-assisted, Blanking implemented in the network

The SMLC sends a request to the UE, for a SB “snapshot” measurement. The UE captures the “snapshot” at the required time and returns the measurement response to the SMLC. The UE does no processing of the measurement apart from essential formatting.

The SMLC computes the UE’s position based on the “snapshot” in combination with a set of measurements of the Node B downlinks. The resulting position along with quality and confidence indicators is returned to the CN and requesting application.
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Figure 6 - Message flow: UE-assisted, network based SB

UE-assisted, blanking implemented in the UE

The SMLC sends a request to the UE, for a SFN-SFN type 2 measurement. The UE, being able to support UE based SB request the SB assistance data from the SMLC. The UE captures a “snapshot” of its received downlink.

The UE measures the SFN-SFN type 2 time offsets using the SB assistance data to improve the measurements, and returns the results to the SMLC.

The SMLC computes the UE’s position using the SFN-SFN type 2 measurements exactly as for OTDOA. The resulting position along with quality and confidence indicators is returned to the CN and requesting application.
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Figure 7 - Message Flows: UE-assisted with blanking in the UE

UE-based

The SMLC sends a request to the UE, for a UE position measurement. The UE, being able to support UE based OTDOA-SB requests the SB and Node B assistance data from the SMLC. 

The UE captures a downlink “snapshot”. It measures the SFN-SFN type 2 time offsets using the SB assistance data to improve the measurements.

Using the Node B assistance data (positions and timing offsets) the UE computes the its position exactly as for OTDOA. The resulting position along with quality and confidence indicators is returned to the SMLC and thereby the CN and requesting application.
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Figure 8 - Message Flows: UE-based OTDOA-SB

4.2. Signalling and Data Traffic

The data traffic may be considered broadly as service traffic generated specifically to offer the positioning service, or support data that may be considered partly or wholly overhead required for the service to operate. For example the position request and SFN-SFN type 2 measurement response for OTDOA are service traffic, but the idle periods inserted for IPDL may be considered overhead.

Details of the precise traffic requirements and loads will be analysed in future papers. A summary of the key aspects is presented in the following sections.

Network-based Blanking

The position request is essentially the same as for OTDOA, but the measurement response from the UE is a downlink “snapshot”. It is a message of the order of 1kB in size. This is service traffic generated only when a position request is made.

In order to support the method the following assistance and overhead traffic is required:

· “Snapshots” from the Node B downlinks need to be sent to the SMLC for use in the interference cancellation algorithms. Each Node B “snapshot” may be typically between 2kB and 4kB.

· A means of managing and coordinating the Node B downlink measurements needs to be implemented.

UE-based Blanking 

The position request and measurement responses are service traffic. The measurement response is reported as SFN-SFN type 2, so the requirements are the same as for OTDOA.

In order to support the method the following assistance and overhead traffic is required:

· Each Node B downlink measurement “snapshot” needs to be sent to the target UE(s). This may be multicast or broadcast. Each block of assistance data is likely to be between 1kB and 5kB in size.

· A means of managing and coordinating the Node B downlink measurements needs to be implemented.

· Measurements defining the time offsets between Node Bs need to be made and sent to the PCF in order to compute the UE position.

5. Performance

5.1. Software Blanking Algorithms

The performance obtainable by the blanking algorithms depends on the quality of the input data (for example sample resolution), the specific algorithm used and the channel characteristics. [13]

The algorithms used may be broadly similar to the IC (Interference Cancellation) algorithms used in CDMA systems for multi-user detection (MUD) [12]. However unlike the IC algorithms used for MUD, these blanking algorithms start with a clean representation of the transmitted signal from each Node B: the “snapshot”.

Practical interference cancellation algorithms may be expected to achieve between 15dB and 25dB of blanking, and may be expected to blank several Node B downlink signals. Details of the performance of practical blanking algorithms will be presented in future papers.

5.2. Positioning Performance

Ultimately the performance of a positioning system can be measured in terms of its accuracy and its coverage [7]. In addition secondary parameters like measurement latency, response time, network impact, service cost, implementation complexity, operational complexity etc., also need to be taken into account.

Software blanking is a support method for Observed Time Difference positioning. Its primary function is to improve signal hearability thereby improving coverage and robustness and as a result yielding better accuracy [11]. However, its minimal impact on the network and other performance parameters gives it important secondary advantages over existing methods.

By way of illustration the following figure shows the hearability performance of a Network-based blanking solution (CVB) in comparison with existing methods. [3][7][9]
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Figure 9 - Hearability comparison for OTD positioning methods

Future papers will present detailed results of the performance of software blanking methods for a wide range of scenarios and parameter configurations.

5.3. Miscellaneous

FDD and TDD considerations

Whilst the previous discussion has assumed an FDD network, software blanking is also applicable to TDD. Details of the TDD implementation are for further study.

UE connected state

UE positioning needs to work in all UE connected states: CELL_DCH, CELL_FACH, CEL_PCH and URA_PCH. Software blanking does not fundamentally alter the behaviour of the UE compared with OTDOA, so similar levels of performance may be expected.

Roaming and legacy issues

The impact of Software Blanking on legacy UEs and on roaming UEs and/or networks is expected to be nil.

The Network-based blanking architecture allows more sophisticated and advanced algorithms for UE positioning to be implemented in the network, using the same basic “snapshot” from the UE. This factor will help reduce the effects of UE obsolescence, and provide enhanced “future proofing”.

Privacy and Security

Privacy is a significant issue for UE positioning. Software Blanking does not fundamentally alter OTDOA, so it’s impact of privacy and security issues is expected to be minimal.

6. Summary of Actions

The following areas have been identified for further detailed study:

· Layer 1 measurements

· UE

· Node B

· RRC impact

· NBAP changes

· Functional “Stage 2 like” description

· Performance

Detailed documents addressing these various areas are requested.

7. References

3GPP Papers
1) SI Cover Sheet: Enhancements to OTDOA Positioning using advanced blanking methods, 3GPP TSG RAN meeting #16, Tdoc RP-020453, Marco Island, 4-7 June 2002.

2) Software Blanking for OTDOA Positioning, Cambridge Positioning Systems, 3GPP TSG RAN meeting #16, Tdoc RP-020372, Marco Island 4-7 June 2002.

3) UE Positioning Measurements and Performance, Cambridge Positioning Systems, 3GPP TSG RAN WG4 meeting #21, Tdoc R4-020331, Sophia Antipoles, 28 January to 1 February 2002.

4) Virtual Signal Blanking for the implementation of OTDOA solutions without the need for IP-DL, Cambridge Positioning Systems, 3GPP TSG Ran WG2 meeting #24, Tdoc R2-012313, New York, 22-26 October 2001.

5) Third Generation (3G) mobile communications system; Technical Study Report on Location Services and Technologies, ARIB/AIF-WG/SWG2/ST9, 16 December 1998, Revision 3.0.

6) Recapitulation of the IP-DL positioning method, Ericsson, TSGR1#4(99)346, 18-20 April 1999.

7) 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Functional Specification of UE Positioning in UTRAN, 3GPP TS 25.305.

8) 3GPP TS 03.71, Location Services (LCS); (Functional description) - Stage 2, V8.2.0, June 2001.

9) Time Mask Proposal for IP-DL, Nortel Networks, 3GPP TSG RAN WG4 meeting #20, Tdoc R4-011476, New Jersey, 12-16 November 2001.

10) OTDOA Positioning with IP-DL, Nortel Networks, 3GPP TSG RAN WG4 meeting #19, Tdoc R4-011306, Edinburgh, 3-7 September 2001.

Other papers

11) Fundamental limitations in passive time delay estimation – Part II: wide-band systems, E. Weinstein & A. J. Weiss, IEEE Transactions on Acoustics, Speech And Signal Processing, vol. ASSP-32, No. 5, October 1984.

12) Successive Interference Cancellation Algorithms for Downlink W-CDMA Communications, Mohamed F Madkour, Someshwar C Gupta, Yi-Pin Eric Wang, IEEE Transactions on Wireless Communications Vol 1 No 1, January 2002.

13) Kazimierz Siwiak pp.195-197, Radiowave Propagation and Antennas for Personal Communications, 2nd Edition, Artech House Boston, 1998.

� A Node B “snapshot” may be reused for positioning as many UEs as necessary provided that their measurements have been made at the same time.


� Each set of assistance data may be used by as many UEs as required.





